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Abstract. Systematic variations inthe line strengthindi€es a-enhancement-luminosity relation suggested by the gradients
Mg., and(Fe) are observed across elliptical galaxies and linin Mg, and (Fe). For the remaining galaxies the situation is
ited to the central regions passing from one object to anotherore intrigued: sporadic episodes of star formations are likely
Furthermore, since the gradientsNfg, and (Fe) have often to have occurred scattering the galaxies in the space othge (
different slopes arguments are given for an enhancement of Metallicity, and [Mg/Fe].
(a-elements in general) with respect to Fe toward the center The results are discussed in regard to predictions from the
of these galaxies. Finally, the inferred degree of enhancemargrger and isolation models of galaxy formation and evolution
seems to increase passing from dwarfs to massive ellipticaldighlighting points of difficulty with each scheme. Finally, the

In this study we have investigated the ability of Hig, Mg, suggestion is advanced that models with an IMF that at the early
and (Fe) diagnostics to assess the metallicity, [Mg/Fe] ratiogpochs favors higher mass stars in massive ellipticals galaxies,
and ages of elliptical galaxies. and lower mass stars in low-mass ellipticals, might be able to

To this aim, first we derive basic calibrations for the varialleviate some of the difficulties encountered by the standard
ationséHg, 6Mgs andd(Fe) as a function of variation in age SN-driven galactic wind model and lead to a coherent interpre-
Alog(t), metallicity Alog(Z/Z¢), andA[Mg/Fe]. tation of the data.

Second, examining the gradients observed in a small sam-
ple of galaxies, we analyze how the differentiés, 6Mg,, Key words: galaxies: abundanse- — glaxies: evolution —
andd(Fe) between the external and central values of each igalaxies: elliptical and lenticular, cD — galaxies: stellar content
dex translates intd[Mg/Fe], Alog(Z/Z), andA log(t). We
find that out of six galaxies under examination, four have the
nuclear region more metal-rich, more enhanced-glements, 1. Introduction

and younger (i.e. containing a significant fraction of stars of

relatively young age) than the external regions. In contrast thiiPtical galaxies exhibit systematic variations in the line
remaining two galaxies have the nuclear region more metgir€ngthindicesls, Mg, and(Fe) either going from the center

rich, more enhanced in-elements but marginally older thanto the external regions of a galaxy or limited to the central re-
the external zones. gions passing from one galaxy to another. (cf. Gdeg 1993;

Third, we explore the variation from galaxy to galaxy 0fthgarollo & Danziger 1994a,b; Carollo et al. 1993;. Davies et aI..
nuclear values ofs, Mg,, and (Fe) limited to a sub-sample 1993; Fisher et al. 1995, 1996). Furthermore, since the gradi-

of the Gonales (1993) list. The differenceiis, sMg,, and ents inMg, and(Fe) have different slopes arguments are given

§(Fe) are converted into the differencadog(t), A log(Z/Z), for an enhancement of Mgrtelements in general) with respect

and A[Mg/Fe]. Various correlations among the age metal© Fe toward the center of these galaxies. Finally, the inferred

licity, and enhancement variations are explored. In particf€9ree of enhancement seems to increase passing from dwarfs
lar we thoroughly examine the relationshipslog(t) — My to massive ellipticals (see Faber et al. 1992, Worthey et al. 1994
Alog(Z/Zs) — My, and A[Mg/Fe] — My. It is found tha’1t and Matteucci 1997 for recent reviews of all these subjects and

a sort of age limit is likely to exist in thel log(t) — My exhaustive referencing). _
plane, traced by galaxies with mild or no sign of rejuvena- All this suggests the occurrence of changes in some fun-

tion. In these objects, the duration of the star forming activif§2mental properties of the constituent stellar populations. The
is likely to have increased at decreasing galactic mass. Lin_derstandmg of this problemlls that either the age or_the metal-
ited to these galaxies, the mass-metallicity sequence impllidfy (the abundance pattern, in general) or both are likely to be

by the color-magnitude relation is recovered, likewise for tH{§SPONSible for the above variations. , _
Owing to the primary importance of ranking galaxies (or re-

Send offprint requests t€. Chiosi gions of these) as function of the age, metallicity and abundance
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ratios in regard to the more general subject of galaxy formati@n The observational data

and evolution, in this paper we present a new attempt aimed_l_%t | fd h ul ]
unraveling the information contained in the indidés, Mgs, ere are several sources of data that are useful to our purposes:

and(Fe) for a sample of elliptical galaxies. o ) .
The above indices have complicated dependences on tﬁeThe fully corrected indices of Goates (1993) for two dif-

temperature, gravity, and chemical abundances of the emitting ferentgal_axy coverage. Th_e central region within Re/8_(Re IS
stars, cf. the popular empirical calibrations by Worthey (1992), the effective ra_dlus_), t_he wider area within Re/2, and finally
Worthey et al. (1994) and Borges et al. (1995). When these cal- thenuclear regmnmthm 2x 1.1'1 arcsec. In the same source

ibrations are applied to derive the mean value of the indices in there are high quahty gradient data for- some 20 galaxies.
question for single stellar populations (SSP) as a function of the The Gonales (1993) list of nuclear data is used to study the

age and chemical abundances, the results suffer from a certain/anations in the indices from galaxy to galaxy.

degree of degeneracy in the sense that all the indices varyintI“TeThe small sample of ellipticals by Carollo & Danziger

same way at varying age and chemical composition, the well (1994a,_b) contain_ing ‘?'?ta”ed _data for gradientMl@ and
knownage-metallicity degeneradgf. Worthey 1994). Further- {Fe). This sample IS ““"Z?d t-o-|llustrate the capability of the
more, when the last step is undertaken, i.e. the above indices aremethqd _vvhen apphe_d to |nd|V|dua}I ga!aX|es, and to.p.erform
derived for complex assemblies of stars of any age and compo-a prellmmary gnglysls ofthe gradlent inage, metallicity and
sition, interpreting the observational data is even more intrigued ratio [Mg/Fe] in individual objects.

because the indices are found to depend on the underlying rél_'{ggésample_s by I?javies e{gl. ((119793|)|_aqd TiSher et_al.l(lggg,
ative distribution of stars per metallicity bin, i.e. the so-called ) containing data.on 13 and 7 elliptical respectively, an

partition functionN () introduced by Tantalo et al. (1998) in fl'_?]a"y ga:ax]:es tr)]yVazdems (1997, prlvar:e cor::mur]:lca::on).k
their analysis of this problem. This means that hints on the past ' 'c Fést tsforthese data sets are notshown here for the sake

history of star formation are needed to solve the problem. of brevity. They have been separately used to check whether
Despite these intrinsic difficultiell 5, Mg,, and (Fe) re results obtained with the other sets were also confirmed by
] 2 -

spond in different fashion to different parametdis; mainly these ones.
correlates with the age because it is most sensitive to the light

emitted by stars at the turnoff, wheréeg, and(Fe) are more
related to stars along the RGB and therefore are more sensi

No attempt is made to put all these data sources together,
Hggause we feel that manipulating the data to render all sources

to metallicity and abundance ratios (cf. Worthey 1994). Ther witually consist.ent (itisworth rec.alling that.each sample differs
fore, an attempt to infer age, metallicity, and abundance ratto8™" the others inmany (_)bse_rvat|onal details: galaxy coverage,
from these line strength indices is possible. reduction technique, calibrations, etc..) would introduce spuri-

The plan of the paper is as follows. In Sect. 2 we briefly recdH's effects difficult to handle. For these reasons we prefer to

the sources of data we have adopted in this study. In Sect. 3We smaller albeit homogeneous sets of data. It is beyond the

derive new basic relationships providing the variatiorfiof, aims of this study to perform a systematic analysis of all data

Mgy, and (Fe) in SSPs (from which eventually the galactién literature. We anticipate that the results obtained from using

indices are built up) as a function of ageotal metallicity Z, separately each sub-group of data are in mutual agreement.
and [Mg/Fe], and in Sect. 4 we present thamethod. In Sect. 5,

we apply our diagnostics to study the gradientsligy and(Fe) 3 calibrations containing [Mg/Fe]

across elliptical galaxies limited to a small number of objects for

which the data were available. In Sect. 6, we study the variatidd&ny studies have emphasized thatline strength indices depend
of nuclear values dfi 5, Mg, and(Fe) from galaxy to galaxy of not only on the stellar parametefs; s, gravity, and [Fe/H] as

the Gonales (1993) sample and translate these variations ifficthe classical calibration by Worthey (1992) and Worthey et
differences in age, metallicity, and enhancemeni-elements. al. (1994), but also on the ratios of chemical abundances such as
In Sect. 7, we thoroughly examine the galaxies in the spaceldfg/Fe] in particular (Barbuy 1994, Idiart et al. 1995, Weiss et
Alog(t), Alog(Z/Z), andA[Mg/Fe], whereA stands for the al. 1995, Borges etal. 1995, de Freitas & Pacheco 1997, Idiart &
difference between the values of the three quantities for edihFreitas Pacheco 1997). Needless to say that for the purposes
individual object and their mean values in the sample. In SectoBthis study we have to adopt calibrations in which the ratio
we attempt a preliminary ranking of the galaxies as a functidMg/Fe] is taken into account.

of their absolute age, metallicity, and [Mg/Fe]. In Sect. 9 we We start pointing out that in presence of a certain degree
discuss the results of the analysis in regard to the present-gagnhancement i--elements one has to suitably modify re-
understanding of the mechanism of formation and evolutid@tionship between the total metallicity Z and the iron content
of elliptical galaxies: i.e. isolation or merger. In Sect. 10 wi-e/H]. Using the pattern of abundances by Anders & Grevesse
compare the results with the predictions from the SN-drivéh989), Grevesse (1991) and Grevesse & Noels (1993), we find
galactic wind both at constant and variable IMF. Finally, sonibe general relation

concluding remarks are drawn in Sect. 11.
Fel o (2 ) —1oe (X 08[2] 005 {grm
H| = % \Zo ) ®\xy ) "Rl T LR
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where the terma/Fe| stands for alla-elements lumped to- Table 1. New SSPs with different metallicity and [Mg/Fe].
gether.

The recent empirical calibration by Borges et al. (1995) foryseayry | 72 | MgFe] | [Fe/m] | Mo | (Fe) | Hy
the Mg, index includes the effect of different [Mg/Fe] ratios

15 0.004 +0.3 | -0.952 | 0.134 | 1.714 | 1.687
5040 15 0.004 0.0 | —0.707 | 0.125 | 1.931 | 1.710

InMg, = —9.037 + 5.795 +0.398log g + 15 0.004 -0.3 | —0.472 | 0.115 | 2.165 | 1.750
Teg 15 0.02 +0.3 | -0.214 | 0.262 | 2.787 | 1.312

15 0.02 0.0 | +0.031 | 0.229 | 3.087 | 1.377

Fe Fe 2 Mg 15 0.02 —0.3 | +0.266 | 0.198 | 3.395 | 1.452

15 0.05 +0.3 | +0.253 | 0.365 | 3.606 | 1.197

0.389 [H} —0.16 {H] +0.981 [ Fe ] 2 15 0.05 0.0 | +0.497 | 0.308 | 3.937 | 1.279

15 0.05 -0.3 | +0.733 | 0.258 | 4.276 | 1.368

which holds for effective temperatures and gravities in the 19 0.004 +03 | -0.952 | 0.126 | 1.609 | 1.884

ranges3800 < T.¢¢ < 6500 K and0.7 < log g < 4.5. 10 | 0.004 00 | -0.707 | 0116 | 1.839 | 1910
. L . 10 0.004 -0.3 | -0.472 | 0.106 | 2.084 | 1.954

No corresponding calibrations fék; and(Fe) are available 10 0.02 +03 | -0214 | 0243 | 2.649 | 1.489

in Borges et al. (1995). Some insight on the dependentg;of 10 0.02 0.0 | +0.031 | 0.212 | 2.949 | 1.556
. 10 0.02 -0.3 +0.266 | 0.183 | 3.262 | 1.629

and (Fe) on the abundance of Mg and Fe can be derived from 19 0.05 +0.3 | +0.253 | 0.357 | 3503 | 1.312
Tripicco & Bell (1995). In that paper, one can see tti4) is 10 0.05 0.0 | +0.497 | 0300 | 3.840 | 1.393
10 0.05 -0.3 | +0.733 | 0.250 | 4.184 | 1.483

virtually unaffected by the abundance of Mg (it does of course

on Fe), wherea$lz has a more complicated behaviour. Itis 5 0.004 +0.3 | -0952 | 0104 1.401 ) 2.388
X . 5 0.004 00 | -0.707 | 0.097 | 1.630 | 2.415
virtually unaffected by Mg in cool dwarf and turn-off stars,and s 0.004 03| —0472 | 0.090 | 1.875 | 2.455
slightly anticorrelated to Mg in cool giants. This index does ° 0.02 +0.3 | -0214 | 0211 | 2.431 | 1.884
.. . . .. 5 0.02 0.0 +0.031 | 0.182 | 2.734 | 1.945
not respond to variations in Fe in cool dwarf stars, whereas it 5 0.02 03| +0266 | 0155 | 3.050 | 2.018
slightly decreases and increases with Fe in turn-off and cool > 0.05 +0.3 | +0.253 | 0308 | 3.235 | 1.648
. . 5 0.05 0.0 +0.497 | 0.255 | 3.584 | 1.734
giant stars, respectively. 5 0.05 —0.3 | +0.733 | 0210 | 3.943 | 1.828
However, as the results by Tripicco & Bell (1995) cannot be
o : A 1 0.004 +0.3 | —0.952 | 0.051 | 0.659 | 4.819
easily implemented in our code to calculate the indices for SSPs 3 0.004 0.0 | —0.707 | 0.046 | 0.823 | 4.819
(because of the insufficient coverage of effetive temperature and 1 0.004 -03 ] -0.472 | 0042 | 1.015 | 4.831
. . .. 1 0.02 +0.3 -0.214 | 0.101 | 1.562 | 4.018
gravity), we decided not to use the Tripicco & Bell (1995) data, 1 0.02 0.0 | +0.031 | 0.093 | 1.856 | 4.074
and to adopt the calibrations by Worthey et al. (1994) with no 1 0.02 -03 | +0.266 | 0.085| 2.166 | 4.140
. . ; o 1 0.05 +0.3 | +0.253 | 0.161 | 2.377 | 3.758
dependence on [Mg/Fe]. With this choice, we limit the effect 1 0.05 0.0 | +0.497 | 0.142 | 2.731 | 3.532
1 0.05 -0.3 +0.733 | 0.127 | 3.100 | 3.631

of [Mg/Fe] onHz and(Fe) to the zero-order evaluation via the
different relation between Z and [Fe/H] of the/Fe] + 0 case
(cf. Tantalo et al. 1998 for more details), and postpone to a future

study the evaluation of the full effect of [Mg/Fe] on the indicegne o-elements is taken into account, and the re-definition of
in question when the desidered calibrations will be available[a/H] at fixed Z are virtually indistinguishable in the CMD
With the aid of the relations above for [Fe/Hylg: and from the old ones (Bressan et al. 1997). The marginal variation

implicitly Hs and(Fe) are used to generate new SSPs in whigh the Jifetime of the core H-burning phase can be ignored for
not only the chemical abundances are enhanced with respe¢fifPractical purposes.

the solar value but also the effect of this on the line strength
indices is taken into account in a self-consistent manner.
The procedure is as follows: assumed the total metallicify ThedHg, 6Mg,, andé < Fe > method

Zhanq er:hr;nc:(ajment ratio (5Mg/F?] as input pahrameters for dqﬁethis section we present the tool utilized to transfer variations
chemical abundances, we derive from HQ. (1) the correspon qu{ﬁ, Mgs, and(Fe) into variations in age (t), metallicity (2),

value of [Fe/H] to be inserted in the calibrations of Borges et ac{nd [Mg/Fe]. To this purpose we calculate the partial derivatives
(1995) forMg, (Eq.[2), and Worthey (1992) and Worthey et al
b

M go, O(Fe) and OHz with respect to metallicity, age, and
(1994) for(Fe) andH 3. The helium content Y associated to eac g}qlge] éf Se>SPs b P ¥ 84
value of Z is the same as in the standard SSP of Bertelli et

cach SSP andtheitss (Fo) andil or four values of age (16, 1o oMy oMy

1 e ’ AV

10,5, and 1 Gyr), ’ OlogZ/Zc |y ey OIMg/Fell,;  Ologt|y u
It it worth clarifying that these SSPs are calculated with the

stellar models of the Padua library (Bertelli et al. 1994) in which

[a/Fe] = 0. Although full consistency would require that theﬂ O(Fe) O(Fe)

stellar models in usage had the same abundance ratios astipg /%0 t,[ 2] O[Mg/Fe] (24 Ologt z,[%2)

SSPs above, neglecting this has very marginal consequences as

models calculated with the new opacity tables of the Livermore 9Hpg OHg OHg

group (Iglesias & Rogers 1993), in which the enhancement dfiog Z/Z, £[AMa ] d[Mg/Fe] " Ologt 2,1 Ma]
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Fig. 1. Thed(Fe) versusiMg, relation across individual galaxies. TheFig. 2. The §Hg versussMg, relation across individual galaxies. The
three arrows centered on (0,0) indicate #yge, metallicity, and en- three arrows centered on (0,0) indicate #ge, metallicity, and en-
hancement vectoras indicated. Along the age vector, the age godsmncement vectoras indicated. Along the age vector, the age goes
from 5 to 15 Gyr, along the metallicity vector Z ranges from 0.004 tivom 5 to 15 Gyr, along the metallicity vector Z ranges from 0.004 to
0.05, and along the enhancement vector [Mg/Fe] goes fr@én3 to  0.05, and along the enhancement vector [Mg/Fe] goes fran3 to

0.4 dex. The data are from Vazdekis (1997, private communication) fod dex. The data are from Vazdekis (1997, private communication)
NGC 4594, from Davies et al. (1993) for NGC 4472, and from Carollior NGC 4594, and from Davies et al. (1993) for NGC 4472.

& Danziger (1994a) for NGC 2434 and NGC 3706.

Z
— 0.4837(£0.0937) x Alog (Z)
©

together with their uncertainties due to the small deviations of
the various quantities over the range of age, Z, and [Mg/Fe]
spanned by the calibrating SSPs (cf. the entries of Table 1).
The mean variatiodMg,, J(Fe) anddHg as a function of
[Mg/Fe], log(Z/Z), andlog(t), whereZg = 0.016 and ages These equations are referred to asshenethod.
are Gyr, are cast as follows To visually show the size of(Fe) and §Mg, at varying
[Mg/Fe], Z, and log(t), we calculate thage, metallicity, and
enhancement vectohown in Fig[l for fixed variations of
age, metallicity, and [Mg/Fe]: the age goes from 5 to 15 Gyr,
the metallicity from 0.004 to 0.05, and the [Mg/Fe] ratio from
—0.3 to 0.4 dex (the length of the vectors i8log(Z) ~ 1.1,
A[Mg/Fe] ~ 0.7 andAlog(t) ~ 0.47). The vectors are cen-
tered on (0,0), i.e. null variation.
+ 0.0889(£0.0047) x Alog(t) 3) There are two important points to remark:

— 1.2070(£0.0084) x Alog(t) (5)

M
§Mgy = 0.0994(40.0003) x A [Fﬂ

Z
+ 0.1660(40.0299) x Alog (Z)
©

— The well known age-metallicity degeneracy gives that the
age and metallicity vectors run very close to each other.

— The enhancement vector is almost orthogonal to the other
two, which allows us to separate its effects from the com-
bined ones of age and metallicity.

M
§(Fe) = —0.9806(£0.0003) x A [Feg]

+ 1.8743(40.2637) x Alog <ZZ>
© Finally, concluding this section we like to recast the sys-
+ 0.7021(£0.0079) x Alog(t) (4) temofequations (3) through (5) so that the theoretical [Mg/Fe],
log(Z/Zs), andlog(t) are expressed as a function of the ob-
servational mean variationdIg., 6 (Fe) anddHpg
0Hp = —0.2097(:0.0016) x A [l\lfﬂ A[Mg/Fe] = 5.7410 x Mgy — 0.4699 x §(Fe)
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Fig. 3. The§(Fe) versussMg, relation. The three arrows centered orig. 4. The §Hg versusiMg, relation. The three arrows centered on

(0,0) are theage, metallicity, and enhancement vectassindicated. (0,0) are theage, metallicity and enhancement vectassindicated.

They have been calculated as in Fig. 1. The displayed data are for edleby have been calculated as in Fig. 2. The data are from &esz

galaxy the difference between its central value and the mean valu¢193) and for each galaxy the difference between its central values

the sample. The position of M 32 and NGC 4649 is indicated. and the mean value of the sample are displayed. The position of M 32
and NGC 4649 is indicated.

4 0.1495 x 6Hg (6)
7 Taking the galaxy NGC 4594 as a prototype, we first derive an
Alog (Z) = 3.9738 x 0Mgs + 0.3026 x d(Fe) eye estimate of the mean slope of the data, second we trans-
© late the origin of the vectors to some arbitrary external point
+0.4687 x 0Hg (7) of the galaxy. The result is that with respect to its external re-
gions, the nucleus is either more metal-rich and older or more
metal-rich and slightly younger, and in any case more enhanced
Alog(t) = —2.5899 x Mgy — 0.0396 x J(Fe) in [Mg/Fe]. It goes without saying that if the nucleus is older
_ 1.0424 x 6H, ) than the periphery a lower increase in the metallicity toward

the center is required than in the opposite alternative (younger

The solutions of these equations are known with the f0||OWir{§JC|eUS). In such a case the increaselin metallicity must be.lafge
uncertainty:A[Mg/Fe] & 0.0890, Alog(Z/Z) + 0.1524, and enou.gh to compensate for the opposite trenq of.the_age. Similar
Alog(t) = 0.0538. However, the analysis below will make us&onsiderations apply also to the other galaxies inHig. 1.

of the first original formulation because of its better accuracy. How this result conforms to the Bressan et al. (1996) analy-
sis of Gonales (1993) galaxies in thé s and [MgFe], suggest-

ing that in most galaxies the nucleus is younger (star formation
lasted longer) and more metal-rich than the external regions,
In this section we study the gradientsTify, Mg,, and (Fe) with a minority having the nucleus older and more metal-rich ?
across a few individual galaxies. The analysis is made in two To answer the above question we make use ofthédex,
steps. known to be more sensitive to the age, and look at the parameter
We start showing in Fidl1 the data for four galaxies takespacet g, Mg, and (Fe).
from different sources, namely NGC 4472 from Davies et al. In Fig.[2 the same type of data as in Higl. 1 is shown, but in
(1993), NGC 4594 from Vazdekis (1997, private communic#he §Hg versusiMg, plane, together with the theoretical age,
tion), and NGC 2434 and NGC 3706 from Carollo & Danzigemetallicity, and [Mg/Fe] vectors. Now the number of galaxies
(1994a,b). Galaxies have been chosen on the base of the folltvet are plotted is very small, only two objects indeed, namely
ing criteria: elliptical objects and enough data per galaxy. THMGC 4472 from Davies et al. ( 1993) and NGC 4594 from
first step is meant to illustrate the method. Vazdekis (1997, private communication). Two more galaxies
The displayed data are the difference between the local vafutmm Davies et al. (1993) are not shown on FiY. 2 for the sake
of each index (at any radial distance) and its value at the centdrclarity.

5. Gradients across individual galaxies



424 R. Tantalo et al.: Ages and metallicities in elliptical galaxies frontHpe(Fe), andMg. diagnostics

Table 2. Estimated gradients in age (Gyr), metallicity {Z») anda-enhancement across a small group of galaxies. (1) Carollo & Danziger
(19944a); (2) Davies et al. (1993); (3) Vazdekis (1997). See the text for more details.

NGC | Ref Mgoy (Fe)y  Hpy  Mgag (Fe) Hgp

2434 | (1) 0.235 2579 2.200 0.183 2.378 1.800
3706 | (1) 0.292 2937 1.800 0.232 2.584 1.800
3379 | (2) 0.311 2947 1.483 0.277 2.748 1.632
4374 | (2) 0.318 2900 1.263 0.289 2.683 1.494
4472 | (2) 0.345 3.440 1.510 0.321 3.247 1.412
4594 | (3) 0.332 3.102 1.183 0.212 1.974 0.943

NGC | Ref Mgy &(Fe) 0Hg  A[RE] Alog(2) Alog(t)

Fe Zg
2434 | (1) -0.052 -0.201 -0.400 -0.231 -0.409 0.500
3706 | (1) -0.060 -0.353 0.000 -0.154 -0.311 0.124
3379 | (2) -0.034 -0.199 0.149 -0.070 -0.112 -0.076
4374 | (2) -0.029 -0.217 0.231 -0.025 -0.066 -0.167
4472 | (2) -0.024 -0.193 -0.098 -0.048 -0.181 0.146
4594 | (3) -0.120 -1.146 -0.240 -0.126 -0.851 0.488

We learn from this diagram that the two galaxies in questidar as the differences in age, metallicity, and enhancement in
have their nuclear region containing stars that are more enhaneeglements are concerned?
in a-elements, more metal-rich, and younger than the external To answer this question we make use of the Gies (1993)
regions. sample of elliptical galaxies (41 objects in total) containing the
To strengthen the above preliminary conclusion we hage-callednuclear datai.e. within2 x 4.1 arcsec. The data are
repeated the analysis by means of thenethod. The galaxies presented in Table 3. Column (1) identifies the galaxy: those
under examinations are those already displayed in Higs. flarebgects whose name is followed/ fa V belong to the Virgo
plus NGC 3379 and NGC 4374 taken from Davies et al. (1998Juster. Columns (2) to (5) givelgs, Fesaro, Fessss, andHpg.
The results are summarized in Table 2. The top part of the taBlelumns (6), (7) and (8) show the differendds;, dMgs, and
shows the observational data, i.e. the mean valuskgf (Fe), J(Fe) of the galaxy indices with respect to the mean values
andH of the central region (indicated by a capital N) and thésee below), respectively. Columns (9), (10), and (11) give the
external region (labelled by a capitol E). The central region éifference with respect to the mean of the enrichment factor
defined by visually inspecting thelg, gradient in the case of A[Mg/Fe], metallicity Alog(Z/Zs ), and ageA log(t) found
the Carollo & Danziger (1994a,b) objects (5 arcsec from tiier each galaxy. Columns (12) and (13) lists the total abso-
galactic center) or taken according to the definition given by thée blue and visual magnitudégz and My, respectively. Fi-
authors for the remaining galaxies. nally, column (14) lists the rejuvenation parameiedefined
The bottom part of Table 2 lists the differenielg,, §(Fe), by Schweizer & Seitzer (1992). For each galaxy, the top raw
anddH between the external and central values of the thr€ the data (either observational or theoretical), whereas the

indices, and the solution found fax[Mg/Fe], Alog(Z/Z), bottom raw are the corresponding uncertainties.
andA log(t) between the periphery and center. To perform the analysis we have calculated the mean values

It turns out that of the six galaxies, four have the nuclef Mgz, (Fe) andHy for the whole sampléil; = 1.75, Mg, =

region containing stars more enhancedaielements, more 0-32, and(Fe) = 2.96.

metal-rich, and younger than the external regions, whereas two They are used as the origin of a new system of coordinates
of them have the nucleus more metal-rich, merenhanced but in which the differencesMg,, d(Fe) andéHg passing from
(marginally) older than the external regions. galaxy to galaxy are expressed.

6.1. ThesMg,-0 < Fe > anddMg,-6Hg planes

6. Going from galaxy to galax
g gaiy o gaiay The observational data for the differené@dg, andd(Fe) are

Given that the central values 83, Mg», and(Fe) are known shown in Fig[3B, in which we have drawn the metallicity, en-
to vary from galaxy to galaxy, which are the implications asancement, and age vectors, whose length is the same as in
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Fig.5. The Alog(Z/Zw) versusA log(t) relation. Thethick dashed Fig. 6. The A[Mg/Fe]) versusA log(t) relation. Thethick dashed
line is the linear regression of the results. The position of M 32 arlidie is the linear regression of the results. The position of M 32 and
NGC 4649 is indicated. NGC 4649 is indicated.

T T
the previous analysis, and finally indicated the positions of M
32 and NGC 4649, the prototype galaxies in the discussion be04 [~
low. Once again, age and metallicity cannot be safely separated, |
whereas this is feasible for [Mg/Fe].

In order to cope with the age-metallicity degeneracy en-
countered in theéMg, - 6(Fe) plane, we look at théMg, -
dHp plane owing to the better age sensitivityldf. This plane
is shown in Fig[## where the module of the three vectors argé: L
Alog(Z) ~ 1.1, A]Mg/Fe] ~ 0.7 andA log(t) ~ 0.47. Inthis =

0.2 —

@0
figure the effect of [Mg/Fe] and metallicity cannot be isolate@ 3
because the two vectors are coincident (degeneracy), wheréas | P I
this is feasible for the age.

With the aid of theA-method and the differencedg,
0Mgs, and é(Fe), we derive for each galaxy the variations
in age Alog(t), metallicity Alog(Z/Zs), and enhancement
A[Mg/Fe] with respect to the mean values. The results together 5 W32
with the expected uncertainties are listed in columns (9), (10) L |
and (11) of Table 3. L L Ll Ll

Looking at M 32 and NGC 4649 as an example, we 0.4 02 0
get the following results: for M 32A log(t) —0.392, A log(2/2,)
Alog(Z/Zo) = —0.131, and A[Mg/Fe] = —0.403; for Fig 7 The A[Mg/Fe] versusA log(Z/Zs ) relation. Thehick dashed
NGC 4649Alog(t) = 0.245, Alog(Z/Zs) = 0.106, and |ine is the linear regression of the results. The position of M 32 and
A[Mg/Fe] = 0.180 with respect to the mean value. The stellaxGC 4649 is indicated.
content of M 32 is less metal rich, less enhanced-#lements,
and much younger (or more safely has a much younger compo-
nent contributing tdig) than NGC 4649. Alog(Z/Zs), andA[Mg/Fe]. The occurrence of such relations
would bear very much on the past history of star formation and
chemical enrichment, and the mechanism of galaxy formation
as well.

Aim of this section is to investigate whether systematic cor- Before starting this part of the analysis it is worth clarifying
relations exist among the three physical quantiftekg(t), the real meaning of thege parameten log(t). This age (being

-0.2

7. The Alog(t), Alog(Z/Z), A[Mg/Fe] space
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mainly revealed byH 3) actually refers to the younger compo- o T

nents of the stellar mix in the galaxy (nucleus). In the ideal case [ ; /E ¢ |
i : : b4
7

(however possible) of continuous star formation from the early
epochs it would measure the overall duration of the star forming °* iscyr -
activity. In the case that recurrent episodes have taken fiace, I : e '
would measure the age of the last episode. Given these premises, | L L
we examine the following relationships: A

//
o L ‘ 4
Age-Z The relation betwee log(Z/Z) andAlog(t) is = : / -l
shown in Fig[h, where only a large scatter is seen (no system- | /-f % :
atic trend). The degree of metal enrichment seems to be totally | L tood ]
unrelated to the age, in the sense that at any given metallicity all [ " 1
ages are possible. Does it mean that sporadic episodes of staf* |
formation may change the age parameter without significantly | b
affecting the metallicity? It is worth recalling tha; is very " "‘ "‘
sensitive to recent star formation, and that a burst of stellar activ-
ity implying even a very small fraction of the galaxy mass would -o.4
immediately increasélz without affecting the metallicity (cf.
Bressan et al. 1996). Furthermore, the recovery timig p&f-
ter a burst is of order of about 1 Gyr (with some dependence
on the amount of mass involved in the star forming episode),

detectable with thél; diagnostic. efining the age limit (see the text for details), the heavy stars are the

three galaxies of this group belonging to the Virgo cluster, and the open
Age-[Mg/Fe] The relationship betweer\[Mg/Fe] and circles are all remaining galaxies. Tege drawn long-dashed-dotted

Alog(t) is shown in Fig[h. Now a good relation is found: oldefine is only meant to visualize the age limit. Finally, the position of M
galaxies seem to be more enhanced-elements. 32, NGC 4649 is indicated. The fading lines of SSPs are superposed

in this diagram: the thin dotted and solid lines are for Z=0.004 and
Z-[Mg/Fe]. The relationship betweem\[Mg/Fe] and Z=0.05, respectively; each dot along the lines shows the age in step
Alog(Z/Ze) is shown in Fig[Y. It appears that more metalf 1 Gyr starting from 20 Gyr (top) down to 4 Gyr (bottom); the thin

rlch galax|es are ||ke|y also more enhancedﬂ_ﬂlements horizontal lines locate the loci of constant age (20, 15, 10, 7, and 5 Gyr
starting from the top). Finally, the fading lines of SSP (in pairs because

In order to cast light on the physical implications of thef the different metallicity) are shown for different values of the total
above relations, we separately correlAtlg(t), A log(Z/Z»), mass, namely0'?,10'", 10", 10?, and10® x M, from right to left.
andA[Mg/Fe] to the total luminosity of the galaxy as measured
by the absolute magnitud¥, . The discussion below will not

change usin . The three relations are shown in .8 (age), . . )
(m(g[allicity%fh;ndl:[b (Mg/Fe]). Fig. 8 (age) relation of Bower et al. (1992). Their corresponding masses

fall in the rangel 0% = 1012 x M.

Age-magnitude planeA log(t)-My . The distribution of
our galaxies in the\ log(t)-My plane is shown in Fid.]8 to-
gether with the fading lines of SSPs of different composition, i.e.
Z=0.004 (dotted lines) and Z=0.05 (solid lines). Each dot along
the lines shows the age in step of 1 Gyr starting from 20 Gyr
(top) down to 4 Gyr (bottom); the thin horizontal lines locate
the loci of constant age (20, 15, 10, 7, and 5 Gyr starting from
the top). Finally, the fading lines of SSP (in pairs because of the
different metallicity) are shown for different values of the total— Three galaxies of this group, namely NGC 4374, NGC 4478,
mass, namely0*2, 1011, 10%°, 10, and10® x M, from right and NGC 4552, belong to the Virgo cluster (so that their dis-
to left. Mounting the two sets of data, namely the age differ- tance and magnitude are less of a problem in this context)
encesA log(t) of galaxies and the absolute ages SSPs, is made and haveX < 2, which according to Sweitzer & Seitzer
assigning the last star forming episode in M 32 the provisional (1992) means mild rejuvenation and/or interaction. The re-
age of4 + 5. See the more detailed discussion below. maining galaxies of this sub-group have eithex 1.5 or

With these premises, the following features can be noticed in missing. Finally, the last Virgo galaxy in our sample, namely
Fig.[E despite the large scatter and the small number of objects:NGC 4697, deviates from the relation defined by its com-

panions in spite of its simildyly; and no signs of interaction
— In our sample all galaxies but M 32 are brighter thdn = (Sweitzer and Seitzer 1992).
—20, which is the range of the classical color-magnitude

— Leaving M 32 aside, there seems to be a sort of upper limit
to Alog(t) (and absolute age in turn) set by the galaxies
NGC 2778, NGC 3818, NGC 3379, NGC 4552, NGC 4649,
NGC4261,and NGC 7619, towhichNGC 4478, NGC 3608
and NGC 4374 can perhaps be added. There is one excep-
tion though, represented by NGC 4278, which appears to be
either too old for its luminosity or too faint for its age.
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Table 3. Nuclear values ofig, Mg» and(Fe) and solutionsAlog(t), Alog(Z/Zs), andA[Mg/Fe] for the galaxies of Gorides (1993). The

mean observational values dfg = 1.75 + 0.009, Mg2 = 0.32 4 0.001, and(Fe) = 2.96 £ 0.006.

NGC Mgy  Fesp Fesy Hg Mgy SHp  o6(Fe)  A[NE) Alog(%) Alog(t)  Mp My, )

221 0.216 2.99 266 236 01005 01357  0.6066 -0.4030 -0.1309 03919 -1570  -1654 -
0.004 0.04 004 005 0004 0.029 0.051 0.0100 00102 0.0190

224 0.340 339 317 182 00235 03193  0.0666 -0.0184 0.2022 -0.1156 - - -
0.004 0.04 005 005  0.004 0.033 0.051 0.0103 00103 0.0190

315 0.322 2.89 284 174 00055  -0.0957  -0.0134 0.0734 -0.0145 0.0030 - : .
0.004 0.05 007 005  0.004 0.043 0.051 00115 0.0108 0.0190

507 0.319 301 2,99 165 00025 00393  -0.1034 -0.0177 -0.0240 0.0963 - 2461 -
0.006 0.09 011 007  0.006 0.071 0071 00179 00158 0.0265

547 0.324 2.98 2.66 167 00075  -01407  -0.0834 0.0973 -0.0503 0.0682 - - -
0.004 0.06 007 006  0.004 0.046 0.061 00120 00122 00226

584 0.204 311 284 210 00225 00143  0.3466 -0.0867 0.0730 02051 2172 -2266 278
0.004 0.04 003 004 0004 0.029 0.041 0.0099 0.0190 0.0155

636 0.283 3.24 2.89 193  -00335 01043  0.1766 -0.2088 -0.0113 01068  -2065 2157 148
0.004 0.04 005 005 0004 0.033 0.051 0.0103 0.0103 0.0190

720 0.350 3.03 290 170 00335 00043  -0.0534 01712 0.0947 00150 2160  -2259 -
0.006 012 014 012  0.006 0.092 0.120 00212 00231 0.0447

821 0.327 3.20 2.87 173 00105 00743  -0.0234 0.0180 0.0479 00012  -2161  -2259 -
0.004 0.05 005 005  0.004 0.036 0.051 00107 00105 0.0190

1453 0314 3.05 2.98 159 00025 00543  -0.1634 -0.0588 -0.0624 0.1651 - - 148
0.004 0.05 007 005 0004 0.043 0.051 00115 00108 0.0190

1600 0.348 2.95 3.18 150 00315 01043  -0.2534 0.0891 0.0319 01845  -2317  -2414 -
0.004 0.08 010 007  0.004 0.064 0071 00145 00143 0.0263

1700 0.293 3.20 288 209 00235 00793  0.3366 -0.1242 0.0841 02839 2228 2320 370
0.004 0.05 005 005 0004 0.036 0.051 00107 00105 0.0190

2300 0.349 315 2.85 176 00325 00393  0.0066 0.1563 0.1269 00723 2156 2260  2.85
0.004 0.06 007 006  0.004 0.046 0.061 00120 00122 0.0226

2778 0.349 3.05 271 176 00325  -00807  0.0066 0.2135 0.0921 00712 1814  -19.05 -
0.005 0.06 007 008 0005 0.046 0.080 00137 00153 0.0300

3377 0.287 2.82 253 207 00295 02857  0.3166 0.0152 -0.0510 02488 -19.49  -2039 148
0.004 0.04 004 004 0004 0.029 0.041 0.0099 0.0090 0.0155

3379 0.336 3.07 2.78 165 00195  -00357  -0.1034 0.1092 0.0133 00627 2017  -2113  0.00
0.004 0.03 004 004 0004 0.026 0.041 0.0096 0.0089 0.0155

3608 0.330 3.00 2.82 173 00135  -00507  -0.0234 0.0937 0.0221 00037  -19.87  -2084  0.00
0.005 0.05 006 007 0005 0.039 0.071 00128 00138 0.0264

3818 0.326 3.05 2.86 173 00095  -00057  -0.0234 0.0508 00213 00040  -19.49 2041 130
0.006 0.07 007 007  0.006 0.050 0.071 0.0154 00148 0.0265

4261 0.351 3.2 304 143 00345 02043  -0.3234 0.0493 0.0416 02464 2174 2273 1.00
0.004 0.05 006 005  0.004 0.039 0.051 00111 0.0106 0.0190

4278 0.330 2.76 2.67 148 00135  -02457  -0.2734 0.1570 -0.1405 02436 1979  -2075 148
0.004 0.04 005 005  0.004 0.033 0.051 00103 00103 0.0190

4374V | 0330 301 2.73 158 00135  -00907  -0.1734 0.0950 -0.0532 01440  -21.85  -2273  2.30
0.004 0.04 004 004 0004 0.029 0.041 0.0099 0.0090 00155

aa72v | 0326 3.03 3.15 172 00095 01203  -0.0334 -0.0148 0.0561 00126  -2221  -2319 -
0.006 0.07 009 007 0006 0.057 0.071 00163 00151 0.0265

4478V | 0287 2.99 280 187  -0.0295  -00657  0.1166 -0.1134 00721 00544 -19.44 2033 -
0.004 0.05 005 006 0004 0.036 0.061 00108 00117 0.0226

4489 0.245 2.99 249 241 00715 02207  0.6566 -0.2009 -0.0336 -0.4987 - - ;
0.006 0.06 007 007 0006 0.046 0.071 0.0151 0.0147 0.0265

4552V | 0362 3.07 3.06 154 00445 01043  -0.2134 0.1690 0.0975 0.1170 . 2168 200
0.004 0.04 004 005  0.004 0.029 0.051 0.0100 00102 0.0190

4649 0.376 310 3.22 138 00505 01993  -0.3734 0.1799 0.1057 02451 2181  -22.82 -
0.004 0.04 006 004  0.004 0.037 0.041 00107 0.0093 00155

4697V | 0301 3.25 2.95 174 00155 01393  -0.0134 -0.1514 -0.0193 00432 2151  -2246  0.00
0.006 0.06 006 007 0006 0.043 0071 00148 00145 0.0265

5638 0316 312 271 163 -00005  -00457  -0.1234 0.0043 -0.0675 0.1227 . E -
0.004 0.04 005 004 0004 0.033 0.041 00102 0.0091 00155

5812 0.345 315 312 179 00285 01743 0.0366 0.0740 0.1648 20,0049 - - ;
0.004 0.05 005 005  0.004 0.036 0.051 00107 0.0105 0.0190

5813 0.318 2.95 260 148 00015  -0.1857  -0.2734 0.0640 -0.1648 0.2673 - : .
0.004 0.06 007 006  0.004 0.046 0.061 00120 00122 00226

5831 0.304 332 3.03 197 00125 02143  0.2166 -0.1438 0.1105 01894 2022  -2185  3.60
0.003 003 004 004 0003 0.026 0.041 0.0080 0.0082 00153

5846 0.339 3.03 284 160 00225 00257  -0.1534 0.1147 0.0054 01056  -21.85  -2284  0.30
0.003 0.04 005 005 0003 0.033 0.051 0.0088 0.0097 0.0189

6127 0.331 2.95 2.82 152 00145  -00757  -0.2334 0.0861 -0.0708 0.2008 - - -
0.006 0.07 008 006 0006 0.053 0.061 00158 00138 0.0229

6702 0.250 319 297 238 00665 01193  0.6266 -0.3397 0.0695 -0.4824 - - -
0.003 0.04 005 005 0003 0.033 0.051 0.0088 0.0097 0.0189

6703 0.202 3.10 2.82 197 00245 00007  0.2166 -0.1057 0.0065 -0.1633 - - -
0.004 0.05 005 005 0004 0.036 0.051 00107 0.0105 0.0190

7052 0.337 2.95 2.82 140 00205  -00757  -0.3534 0.1041 -0.1009 0.3066 - - -
0.004 0.06 007 006  0.004 0.046 0.061 00120 00122 00226

7454 0.226 2.68 238 215 00905  -0.4307  0.3966 -0.2336 -0.2708 -0.2031 - - -
0.004 0.05 006 006 0004 0.039 0.061 00112 00119 0.0226

7562 0.304 3.09 271 174 00125  -00607  -0.0134 -0.0400 -0.0668 0.0390 - - -
0.003 0.04 004 004 0003 0.029 0.041 0.0083 0.0083 00153

7619 0.344 318 319 141 00275 02243 -0.3434 -0.0002 0.0146 02799 2235  -2336  0.00
0.003 0.04 005 003 0003 0.033 0.031 0.0086 00073 00118

7626 0.350 2.99 201 149 00335 00107  -0.2634 0.1535 0.0013 01914 2236 2336  2.60
0.003 0.03 004 004 0003 0.026 0.041 0.0080 0.0082 0.0153

7785 0.307 3.02 2.95 163 00095 00243  -0.1234 -0.0774 -0.0785 01402 2222  -2318 -
0.003 0.04 005 005 0003 0.033 0.051 0.0088 0.0097 0.0189

If this age limit is real and not caused by statistical and/diecreasing galaxy mass (cf. Bressan et al. 1996 for a similar
selection effects due to the scarce population of galaxies undaeggestion).

consideration, does ittrace the locus of non-interacting galaxies, p|| other galaxies are much scattered along the age axis

along which we see the pristine star formation? If so, recallifgyeed most of them have sign of interaction or rejuvenation
the meaning of the age parameter in usage here this implig§eitzer & Seitzer 1992). Does it imply that more recent star
that star formation either started later or continued longer @t .4tion has occurred alteririf; and age assignment in turn?
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Fig.9. The Alog(Z/Zw) versusMy relation. Thethick dashed line Fig. 10. The A[Mg/Fe] versusMy relation. Thethick dashed line

is the linear regression of the results. Filled circles are the galaxigghe linear regression of the results. Filled circles are the galaxies
defining the age limit (see the text for details), the heavy stars are figfining the age limit (see the text for details), the heavy stars are the
three galaxies of this group belonging to the Virgo cluster, and tHeree galaxies of this group belonging to the Virgo cluster, and the

open circles are all remaining galaxies. Finally, the position of M 32pen circles are all remaining galaxies. Finally, the position of M 32,
NGC 4649 is indicated. NGC 4649 is indicated.

M 32 is an ambiguous case because either it could represasithe very central part of M 32 is concerned, an independent
the continuation of the trend shown by the old galaxies, in whigstimate of the age is still missing to our knowledge.
star formation lasted till a recent past or it could have been reju- . . . .
venated by a recent episode. As compared to NGC 4649 thereMetallicity-magnitude plane: 2+ . The relationship be-
is factor 4.0 in between. Assuming the canonical age of 15 GyfeenA log(Z/Z) andMy is shown in FiglP. According to
for the oldest galaxies, M 32 terminated its star formation hi51€ best f't_Of the data_(thlck dashed I!ne) the metallicity seems
tory or suffered from star formation about 3.75 Gyr ago. TH@ Weakly increase with the luminosity (mass) of the galaxy.

possibility that M 32 contains a significantly younger stelldndeed, for the sample in usage, the very existence of this cor-

component is also indicated by studies of the classical coléf/ation depends on the inclusion of M 32. Therefore, we will

magnitude diagram (CMD) of the resolved stars. Although caf@t Insiston it.

must be paid because those CMDs do not refer to the central Limiting the inspection to the group of galaxies that where
region of M 32, an age of - 5 Gyr was estimated by Freedmart'sed to argue about the age limitin Fib. 8, allbut NGC 4478 (and
(1989) and Freedman (1992). See also Elston & Silva (199%32) are more metal-rich than the mean value of the sample
Davidge & Jones (1992), and Hardy et al. (1994) for similar coRUt showing no particular trend with the luminosity.

clusions. Based on the population synthesis technique and theWorth noticing is the case of all galaxies brighter thép =

mean colors of M 32, O’Connell (1988 and references therein0 and apparently younger than the mean age (cf. [Hig. 8)
suggested an age of about 6 Gyr. Along the same vein Bressa#ife@se metallicity is in contrast above the mean value (but for
al. (1994) argued that the bulk of stars have ages as old as tH86&C 3377 whosel log(Z/Zx) ~ 0). The remaining objects
typical of globular clusters say in the rang@—+ 15 Gyr, with ~ Scatter above and below the mean value. Does this suggests that
a younger component which cannot be older than 5 Gyr agélaxies suffering from subsequent episodes of star formation
younger than 1 Gyr. This latter boundary is set by the UV propave further increased their metallicity ? Furthermore, we call
erties of M 32 which has (1550-V)=4.5 (Burstein et al. 1988attention on NGC 507, the brightest galaxy in the sample, which
Remarkably, this estimate is consistent with the recent studybgs age and metallicity only slightly below and above the mean,
Grillmair et al. (1996) of a field in M 32 taken at the distance despectively.

about2 x R., who find that the CMD of this region is consistent  Going back to the apparent lack of a positive correlation
with a luminosity weighted age of about 8.5 Gyr and [Fe/H]=between metallicity and luminosity, if we consider only those
0.25, however with some evidence for another component widhjects of the age group that are also members of the Virgo
[Fe/H]=0 for which younger ages cannot be excluded. As faluster and therefore distance and absolute magnitudes are less
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of a problem (namely NGC 4374, NGC 4478, and NGC 455Zable 4. Estimated ages, metallicities, and enhancements of
they seem to be more metal-rich at increasing luminosity. «a-elementsfor the group of galaxies defining the old age edge in Fig. 17
Does the above inspection imply that the canonical trend

“metallicity increasing with luminosity” holds only for quies-
cent galaxies (provided that their absolute luminosity is welNCC | Age < Z > [Mg/Fe]
determined) ? And in all other cases the relation is blurred by
recent stellar activity and/or uncertainties in their absolute mags,, 40 00128 0.00
nitudes ? More data are required to answer this question. 2778 | 84 00216 0.62
Enhancement-magnitude plane: [Mg/F&]y. Fig. [10 3379 | 114 0.0180 0.51
shows the relation betweek[Mg/Fe] andMy,. We start notic- 3608 | 10.0  0.0184 0.49
. . . 3818 | 10.0 0.0184 0.46
ing that with the exception of NGC 4478 (and M 32), all other4261 174 00193 0.45
galaxies of the group defining the age limit in Hig). 8 are more; -4 14:0 0:0245 0:49
enhanced im-elements than the mean value of the sampleg475 | 90 00150 0.28
whereas the remaining galaxies scatter below and above it. Ag52 | 129  0.0219 057
appears that not necessarily galaxies with high metallicity ar@e49 | 17.3 0.0224 0.58
also enhanced in-elements, even if from the results shown in 7619 | 18.8 0.0181 0.42
Fig.[4 some trend of this kind should hold on a broad sense. Fur-

thermore, galaxies whose nuclear age is below the mean value

not necessarily are more enhanced+ielements. This can per-

haps be explained recalling that star formation over periods®f Isolation or mergers?
time longer than about 1 Gyr easily wipes out the signature type L . .
Il supernovae in the abundance ratig/'Fe]. As far as the ex- . erh‘?‘ps the most Intriguing question to a_lddress ‘f"bo‘” galaxies
pectation that [Mg/Fe] increases with the galaxy Iuminosity\Jg \.Nh'Ch of the t\.NO main avenues for their format|qn af‘d Eevo-
concerned, no such relation is noticed at a first sight. Howe &I,IOI’I has prevailed as the dqmmant mechamsm, €. |s_olat|on
restricting ourselves only to galaxies members of the age lirfi MET9ers. The _fadmg lines in Figl 8 help to V|suaI|_ze in the
group and of the Virgo cluster (namely NGC 4374, NGC 447 ge—magmtude d|agr.am the path foI_Iowed by an evolving galaxy
and NGC 4552), the above trend is recovered. The same CHngr a number of different scenarios.

siderations made for the Zf, plane apply also to this case. If a galaxy fqrms and evolves in |§olat|on, and suffers from
a number of episodes of star formation (from one to several or

even continuous) it would simply slide up and down along its
fading line according to the stage of stellar activity at which the
Having established the relative differena®sog(t), Alog(Z), galaxy isdetected with little transversal shift caused by chemical
and A[Mg/Fe] from galaxy to galaxy, the absolute ranking o&nrichment. Complications due to the possible presence of gas
the central regions of different galaxies can be attempted. T¢an be neglected here. Once star formation is over, the recovery
main problem is with the zero point of the age, metallicity anglosition in the age-luminosity plane depends on the age and
enhancement scale. We take M 32 as the reference objectafmunt of stars formed in each episode. As already said the data
already mentioned several observational hints concur to suggwest compatible with this scheme suggesting that there are two
that M 32 likely suffered from an episode or continued to forgroups of galaxies: those with no sign of rejuvenation in which
stars as recently as+ 5 Gyr ago (Freedman 1992). As fareither the overall duration increases or the epoch of the last
as the metallicity is concerned, it seems to span a wide rangpisode of star formation gets closer to the present at decreasing
The lower limitin Freedman (1989) is [M/H]=-0.5 with an uppegalaxy mass, and those with signs of rejuvenation which are
limit up to [M/H]=0.1 or even higher than that according to Bicabviously scattered in this diagram.
et al. (1991). There is no direct indication of [Mg/Fe] (at least The case of hierarchical merging is more difficult to discuss
to our knowledge). For the purposes of the present discussibacause the path is determined by the mass and evolutionary
we adopt as zero points: 4 Gyr for the affdg/Fe]y 52 = 0 stage of the merging galaxies, and the amount of star forma-
for the enhancement in-elements, an@Fe/H]y 50 = —0.25  tion taking place during the merger event. Let us suppose for
for the iron content or with the aid of Eq. (1), in which the ternthe sake of simplicity that two identical units (same age, same
(X/X) is neglected and, = 0.016, Zy; 320 = 0.0128. The composition, and say0'® x M. mass each) merge triggering
absolute values assigned to the age, metallicity, and [Mg/Felatér formation in the composite system. The resulting galaxy
all other galaxies in the sample can be easily re-scaled if thél brighten because of the increased mass and ongoing star
zero point is going to change. formation and slightly redden because of the increased metal-
The age is assigned with the aid of the grids of SSP draweity. As soon as star formation is over, on a short time scale
in Fig.[8. The metallicity and [Mg/Fe] are assigned by simplgfrom a few10® yr to 1 Gyr at most) the new galaxy will fade
shifting the vertical axis in Fig&l 9 andl10. The results are suimack to a new position which is characterized by a younger age
marized in Table 4 limited to the group of galaxies that in Elg. @& depends on the amount of newly formed stars) and a brigheter
define the age boundary. magnitude. In principle there is no contradiction between this

8. Towards absolute ranking: an attempt
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scenario and the bunch of galaxies scattered in this diagrewmlation (and constant IMF), but at the same time are not fully
toward much younger ages. The problem is with their recosempatible with the hierarchical merger mechanism.

ery position if this latter corresponds to the group of galaxies Seeking for a coherent explanation of the various obser-
with no sign of rejuvenation. Indeed if the seed galaxies hadtional hints, we propose the following scheme. All galaxies
the same age, we would expect the daughter galaxies to cluktare begun to form stars at the same time but, depending on their
in the age-luminosity plane along a nearly horizontal line (anass, the process has continued (maybe in discrete episodes)
mildly inclined toward younger ages). In contrast, it seems asoWer different periods of time. Massive galaxies did it in the far
bright, high mass galaxies had their merger adventure long agast and the star forming period ceased very soon. Low mass
whereas the faint, low mass objects did it in a more recent pagijaxies started at the same epoch, but continued for longer
but starting from seed galaxies with small stellar content. Thpgriods of time (the duration increasing at decreasing galactic
is equivalently to say that the bulk of star forming activity tooknass). Subsequently, galaxies of any luminosity (mass) may
place more and more toward the present at decreasing madsave undergone additional episodes of star formation, depend-
the galaxy. ing on circumstances that cannot be singled out by this kind

Furthermorewhy don’t we see in this diagram any low massef analysis, which reflect themselves in the large dispersion in
galaxy (the potential seeds of a bigger galaxy in the hierarchictile ageafy, plane. As far as the metallicity and enhancement
scheme) at the same age range of the big galaxies? Is this anly-elements are concerned, although the tendency to increase
due to selection effects in our sample or other causes arewih the galaxy luminosity (mass) can be noticed in the case of
be considered”Nowadays answering this question is difficultnactive galaxies, as required by the CMRenhancement prob-
owing to the lack of sufficient data with precise measuremen#sn, it seems as if each galaxy had its own individual history of
of Hgz, Mg and(Fe). enrichment in heavy and-elements.

Inregard to this, the attempt by Chiosi et al. (1998) to recon-
cile the SN-driven wind model with the pattern of abundances
and the tilt of the Fundamental Plane of galaxies is worth men-
Long ago Larson (1974) suggested that the color-magnituining. They supposed that the IMF instead of being constant
relation (CMR) of early type galaxies (cf. Bower et al. 1992an vary with the galaxy environment, and presented new mod-
for Virgo and Coma galaxies), is the consequence of SN-drivels of elliptical galaxies based on the IMF by Padoan et al.
galactic winds. In the classical scenario, isolation and const&h997), which depends on the density, temperature and velocity
IMF, massive galaxies eject their gaseous content much ladégpersion of the medium in which stars are formed. In brief,
and get higher mean metallicities than the low mass ones. The hot, rarefied medium the Padoan et al. (1997) IMF is more
implication is that the global duration of the star forming activitgkewed towards the high mass end than in a cool, dense medium.
increases with the galaxy mass. This kind of situation is met passing from a high mass (low mean

The alternative of the CMR being an age sequence in télensity) to a low mass (high mean density) galaxy or from the
sense that blue galaxies have started star formation much lagnter to the periphery of a given galaxy. The models based
than in red ones has be proved to disagree with the redshift this IMF can account for a number of observed chemical
evolution of early type galaxies in the HST Deep Field (cAnd photometric constraints for elliptical galaxies. In fact, they
Kodama & Arimoto 1996). predict the onset of galactic winds and consequent termination

Bright ellipticals seem to be more enhancedielements of the star forming period earlier in massive galaxies than in
than the faint onesa-enhancement). The classical explanatiotite low mass ones. The reason of it resides in the skewness of
of it (cf. Matteucci 1997 for a recent review of the subjecthe IMF toward the high mass end that changes with the mean
is based on the classical view of star formation in galaxiegas density (galactic mass and/or position within a galaxy) thus
i.e. constant IMF and time dependent star formation rate, thoring in massive galaxies the relative percentage of SN explo-
different time scale with which the galactic gas is contaminatétbns and consequent heating of the gas to the escape velocity.
by the products of the short-lived Type Il supernovae (maln this scheme massive galaxies despite their short duration of
producer ofa-elements) and the long-lived Type | supernovagiellar activity yet reach high metallicities and [Mg/Fe] ratios.
(main producers of Fe), that the overall duration of the stdhe opposite occurs in the low mass ones. Unfortunately, Scalo
forming activity is short in massive ellipticals and long in thet al. (1997) have strongly questioned the Padoan et al. (1997)
low-mass ones. IMF, thus weakening the foundations of the Chiosi et al. (1997)

The present analysis seems to lead to a more complex sgenario. However, according to Scalo et al. (1997) other model
nario in which the trends implied by the CMR and enhancemdMF could be constructed to give similar dependences. Whether
in a-elements are perhaps simultaneously recovered only fagy would also lead to model galaxies like those by Chiosi et
quiescengalaxies (provided their magnitudes are well detedl. (1998) cannot be said. All the problems are still there!
mined), whereas in all other cases, in whith andX indicate
signatures of recent stellar activity, rejuvenation and/or intergﬁ- Conclusions
tions, the above key relations are blurred by side effects hard to
quantify. The results of our study somehow weaken the classitrakhis study we have investigated the ability of tHg, Mg,
SN-driven wind model based on monolithic star formation iand (Fe) diagnostics to assess the metallicity, [Mg/Fe] ratios,

10. SN-driven winds or variable IMF?
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and ages of elliptical galaxies. First, we have tried to interpret Trager (1998), in which smaller elliptical galaxies than in

the gradients iz, Mg, and (Fe) across individual galaxies.  the Gonales (1993) sample are present.

Second, we have tackled the problem of the information hiddeh The results of this study are discussed in regard to predic-

in the different values oH g, Mgs, and (Fe) observed in the tions from the merger and isolation models of galaxy for-

nuclear regions of elliptical galaxies. The results of this study mation and evolution highlighting points of difficulty with

can be summarized as follows: each scheme. Finally, the suggestion is advanced that models
with an IMF that favors higher mass stars in massive ellip-
tical galaxies, and lower mass stars in low-mass ellipticals,

1. We provide basic calibrations for the variatiai®;, Mg, might be able to alleviate some of the difficulties encoun-
ands (Fe) as a function of variation in agk log(t), metallic- tered by the standard SN-driven galactic wind model and
ity Alog(Z/Z), andA[Mg/Fe] of SSPs whose application  lead to a coherent interpretation of the data.

is of general use. .
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