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Abstract. Based on Paper | of this series (Mehlert et al. 2000), we derive central values and logarithmic gradientsgor the H
Mg and Fe indices of 35 early-type galaxies in the Coma cluster. We find that pure elliptical galaxies have on average slightly
higher velocity dispersions, lowergiand higher metallic line-strengths than galaxies with disks (S0). The latter form two
families, one comparable to the ellipticals and a second one with significantly higheaind weaker metallic lines. Our
measured logarithmic gradients within thiéeetive radius aréaAMg by ~ —0.037,(a(Fe)) ~ —0.029, (AHB) ~ +0.017 and

(ac) ~ —0.063. The gradients strongly correlate with the gradients,dfut only weakly with the central index values and
galaxy velocity dispersion.

Using stellar population models with variable element abundance ratios from Thomas et al. (2003a) we derive average ages,
metallicities and ¢/Fe] ratios in the center and at thfestive radius. We find that the/Fe ratio correlates with velocity
dispersion and drives 30% of the Mg+elation, the remaining 70% being caused by metallicity variations. We confirm previous
findings that part of the lenticular galaxies in the Coma cluster host very youh&yr) stellar populations, hence must have
experienced relatively recent star formation episodes. Again in accordance with previous work we derive negative metallicity
gradients £-0.16 dex per decade) that are significantly flatter than what is expected from gaseous monolithic collapse models,
pointing to the importance of mergers in the galaxy formation history. Moreover, the metallicity gradients correlate with the
velocity dispersion gradients, confirming empirically earlier suggestions that the metallicity gradient in ellipticals is produced
by the local potential well. The gradients in age are negligible, implying that no significant residual star formation has occurred
either in the center or in the outer parts of the galaxies, and that the stellar populatiofierantiradii must have formed

at a common epoch. For the first time we derive the gradients af tRe ratio and find them very small on average. Hence,
a/Fe enhancement is not restricted to galaxy centers but it is a global phenomenon. Our results imply thatthecklg—
relation inside a galaxy, unlike the global Mg-+elation, must be primarily driven by metallicity variations alone. Finally we

note that none of the stellar population parameters or their gradients depend on the density profile of the Coma cluster, even
though it spans 3 dex in density.
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1. Introduction spectroscopy along the major axis of the galaxies. In Wegner

et al. (2002) this dataset is complemented by long-slit spec-

This is the third paper of a series studying the dynamic_s af?gscopy along the minor axis and parallel to the major axis
the stellar populations of a sample of 35 early-type gaIaX|esfg} 10 objects of the sample. Here we focus on the radial pro-
the Coma cluster, the richest of the local universe and therefgre. . Mg, Fe and Blindices derived in Paper I, exploit-

an ideal place to test the theories of galaxy formation as afurﬂgg newly devéloped stellar population models (Thé)mas et al.

ti?n of environmental densgy.hln l\/rllehlert et al. ((jZC:IOO,I herPQ'IOOSa, hereafter TMB) to study the metallicity, the age and the
after Paper I) we presented the photometry and the Ong'?x'/tFe distributions inside the galaxies and relate these findings

Send gfprint requests toD. Mehlert, to the global relations among the gaIaX|e§. |
e-mail: dmehlert@lsw.uni-heidelberg.de Recently, a number of papers have investigated the con-

* Appendix A (Tables A.1-A.3) is only available in electronic fornstraints on the ages, metallicities and element abundances
athttp://www.edpsciences.org of Coma cluster galaxies coming from (central) colors and
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spectroscopic (Lick) index measurements and the possibletime past: first a rigorous quantitative analysis of éhi€e role
fluence of the environmental density. Jargensen (1999) studdetermining the ages and metallicities of early-type galaxies,
ies 115 E and SO galaxies in the central region of the clustand second the discussion of the radial variations of the stellar
suggesting that metallicities are strongly anti-correlated wigopulations of the galaxies. The former is based on newly de-
the mean ages of the galaxies. Poggianti et al. (2001a) analoped models of the Lick indices (TMB) that incorporate the
lyze the spectra of 52 early-type Coma galaxies and find tlrasponse functions of Tripicco & Bell (1995), allowing a proper
more than 40% of the SOs are found to have undergone dtaatment of the element abundances. The latter provides an ad-
formation in their central regions during the last 5 Gyr, whilditional tool to test the predictions of galaxy formation models.
such activity seems absent in ellipticals (see also Trager et al. “Classical’” monolithic collapse models with Salpeter IMF
2003). Poggianti et al. (2001b) extend this study to a saf@arlberg 1984) generate steep metallicity gradients (the cen-
ple of 257 galaxies with no emission lines, spanning a widers are more metal rich than the outer parts), shallow positive
magnitude range. They find that age and metallicity are artige gradients (the centers are slightly younger than the outer
correlated in any given luminosity bin and that in the centrplarts) and positive overabundance gradients (the centers are
regions of the cluster a large fraction of galaxies at any luniessa/Fe enhanced, Thomas et al. 1999). The merger trees typ-
nosity shows no evidence for star formation occurring in theal of hierarchical models of galaxy formation (Lacey & Cole
central regions at redshift< 2. Carter et al. (2002) focus on1993) are expected to dilute gradients originally present in the
the possible environmental dependence of the indices, findmgrging galaxies and therefore give end-products with milder
that after allowing for the correlation with magnitude, galaxiegradients (White 1980), although detailed quantitative predic-
near the core of the cluster have stronger,Maghile the(Fe) tions are still lacking. There is consensus that the radial changes
and HB values show a much weaker sensitivity to the cluster colors and line indices observed in local ellipticals reflect
distance. In contrast, Kuntschner et al. (2002) study a sampégiation in metallicities rather than age (Faber 1977; Davies
of “field” E/SO galaxies in low-density environments, reaclet al. 1993; Kobayashi & Arimoto 1999), a conclusion con-
ing the conclusion that these objects are younger th&®d& firmed by the study of the evolution of the color gradients with
in clusters (by~2—-3 Gyr) and more metal-rich (by0.2 dex). redshift (Saglia et al. 2000; Tamura et al. 2000). However, noth-
They confirm that an anti-correlation of age and metallicity isg is known about possible radial gradients of thé&e abun-
responsible for maintaining the zero-point of the Mgrela- dance ratio detected at the centers of early-type galaxies. If no
tion (see also Kuntschner et al. 2001, pointing out the role @f Fe gradients are present, then the bulk of the stars of ellipti-
correlated errors in generating this anti-correlation). cal galaxies are//Fe overabundant and the constraint of short
Similar to Terlevich & Forbes (2002), these studies bregk1 Gyr) formation time-scales (e.g., Matteucci 1994; Thomas
the metallicity-age degeneracy by combining pairs of indicesal. 1999) applies to the stellar populations of the galaxies as a
with nearly orthogonal dependences on metallicity and agehole, and not only to the galaxy centers. Our dataset clarifies
and are based on simple stellar population models (Worthiys issue.
1994; Vazdekis et al. 1996). They take into account the The paper is organized as follows. Section 2 describes the
overabundance of the—elements with ad-hoc assumptiongataset. Section 3 discusses the central values and the radia
(Jgrgensen 1999) or simple, approximated recipes (Trager epadfiles of the line indices. Section 4 derives constraints on the
2000) and might be severelffacted by systematics induced byage, metallicities and thexJFe] distributions inside the galax-
complex metallicity distributions (Maraston & Thomas 2000jes (central values and gradients). Conclusions are drawn in
However, they provide a way to test the low-redshift prediGect. 5.
tions of galaxy formation models and distinguish between the
traditional “monolithic collapse” of proto-galactic gas cloud
(Eggen et al. 1962; Jimenez et al. 1999) and the hierarchi%z';llThe data sample
models of Cold Dark Matter cosmologies (KEmann 1996; The basis of this investigation are the radial line index pro-
Baugh et al. 1996; Cole et al. 2000). Moreover, they allowfdes of Mgb, (Fe), and K as well as the profile of the veloc-
powerful insight in the mechanisms generating the global gy dispersiono- derived for 35 early-type galaxies in Mehlert
lations observed with the structure parameters of early-typeal. (2000, Paper I). These parameters were obtained from
galaxies (the color-magnitude relation, Bower et al. 1992; thegh S/N and spatially resolved longslit spectra obtained along
Mg-o relation, Bender et al. 1993; Colless et al. 1999; ththe major axis of the galaxies. Details on the galaxy sample,
Fundamental Plane, Djorgovski & Davis 1987; Dressler et #he observations, data reduction and parameter derivation are
1987) and regulating their scatter. In addition, they are the ldescribed in Paper I. With this dataset we can not only investi-
cal counterpart of the studies of the evolution of early-typgate the stellar population of the galaxies based on their central
galaxies with redshift in clusters (van Dokkum & Franx 1996ine indices, but also derive the gradients of the line indices
Bender et al. 1998; van Dokkum & Standford 2003) and in thend the stellar population parameters like age, metallicity and
field (Treu et al. 1999; van Dokkum et al. 2001). Analyzing the [a/Fe] ratios. Since the sample analyzed here comprises E
large number of objects, they are also able to detect the posséaiyl SO galaxies and spans a range of 3 dex in local mass den:-
subtle éfects of the environment. sities (as determined by X-ray observations, Briel et al. 1992),
The present paper cannot compete in terms of galaxy nutine influence of galaxy type and environmental density on the
bers with the literature discussed above. Rather, it relies on gtellar population of the Coma cluster early type galaxies can
high quality of the data and stresses two aspects neglectethérexplored. In Paper | we already showed that our derived line
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index ando values agree quite well with literature data. This
is also supported by a detailed comparison tofent galaxy 0.75
sample in Moore et al. (2002). o<t

3. Line indices
3.1. Central values

Table A.1 lists the central values of the indiceg, HMgb,
Fe5270, Fe5335 and of the velocity dispersiowith the re-
spective errors. The values have been derived from the ma-
jor axis profiles shown in Paper | averaging data points in-
side Qla,, wherea. = ro/ V1 - € is the distance along the
major axis, that corresponds to thffeetive radiusre of the
galaxy with ellipticitye. The central values were calculated by
weighting proportional to the signal-to-noise ra8¢N:

> Index x (S/N);

2i(S/N)i ’
where i indicates the radial points available. This way of -
weighting our radial values turned out to be a good compromise = } — } — } — }
to optimize the quality of the mean values without overemp- -
hazising the central value. 0.4

{Inde® =

1)

1

In the following we indicate the average iron index with o C .
(Fe) = (Fe5270+ Fe5335)2 (Gorgas et al. 1990) and the com- ~ 03 — —
bined magnesium-iron index with % C ]
[MgFe] = \/Mgb(0.72x Fe5270+ 0.28 x Fe5335) 2 %D 0.2 2 E
newly defined by TMB. This index turns out to be completely ~ 01 — —

independent of the/Fe and hence serves best as a metallic- C
ity tracer. The usual index [MgFe} +/Mgb<(Fe) earlier de-
fined by Gonalez (1993) still depends a little am/Fe (see
also Sect. 4.1). We also consider the Mdgndex (see Colless
etal. 1999):

Fig. 1. The central line indices Mg (panela)), (Fe) (panelb)), and H3

(panelc)) versus the velocity dispersianfor the 35 early type galax-

ies of the Coma cluster sample. Filled triangles indicate the 2 ¢Ds,

filled circles Es, open circles SOs and open sta80E. The solid lines

with A1 = 3225 A. are linear least square fits (see text). The long and short dashed lines
In Fig. 1 we plot the central index values as a function ehow the contributions to the Mgr and Fe-o- relations due to metal-

velocity dispersion. Our data show a tight Mg-eorrelation licity and /Fe ratio variations, respectively (see Sect. 4.2.2).

(panel a) in good agreement with the literature (e.g., Bender

et al. 1993; Colless et al. 1999). Correlations of velocity disper-

sion with the other indice&e) and H3, instead, are much less

well-defined (panels b and c) in agreement with results from,

e.g., Jargensen et al. (1999). Stife) seems to be weakly cor-

related witho- (see also Kuntschner 2000). Linear least squaémost indistinguishable from the ellipticals, the other having

fits (see the solid lines in Fig. 1) yield the following relations:extraordinarily high I# values. We will come back to this point
in Sect. 4, where we discuss the derived ages and element

log Mgb = —0.04(:0.08)+ 0.306:0.03)x logor Note that also the two cD galaxies (triangles) have Balmer
log(Fe) = 0.13(x0.11)+ 0.13(x0.05)x log o (4) lines that are unusually strong given the relatively high galaxy’s
velocity dispersion. For a detailed discussion of the properties

Although there is no striking éierence between elliptical and the stell lati tallicit ti0S) d
lenticular galaxies in Fig. 1 (see also Mehlert 1998), we no?é € steflar populations (age, metallicity amgFe ratios) de-
yed from these indices see Sect. 4.2.

that the SOs in our sample have on average lower central !
locity dispersions, and tend to have slightly lower metallic in- Finally it should be emphasized that we do not find any
dices at a giverr. The most significant feature is the sepadependence of the derived indices or the galaxies velocity dis-
ration of the lenticulars in two distinct subclasses, one beipgrsion on the density profile of the Coma cluster.

3)

Mgb
AL )

Mghb' = -25x Iog(l— —
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Fig. 2. Distributions of the fitted logarithmic gradients of the indices, (d), Mg b (b), (Fe) (c), and the velocity dispersian (d). The median
of the gradients is indicated in the individual panels.

3.2. Gradients gradients for meaningful comparisons are not available in the

We compute logarithmic index and velocity dispersion raJiterature_
forming a linear® ft to veloctty diSpersion gradi- e restingly, we do not find any statistically significant cor-

. . 5 . b
ents performing a linegy™ fit to the data points withia < a, relation between index gradients and their central values or

whereais the distance from the center along the major axis. central velocity dispersion. There is only a very weak hint, that

Alog(Inde® gala>_<ies with stronger central metalljc lines have steeper index

Alog@/ay) | (5) gradients. Similar results for the Mdndex have been found
for 114 and 42 elliptical galaxies in the field by GatheZ &

The fitted gradients and the logarithmic values of the indic€®rgas (1995) and Carollo et al. (1993), respectively.

ando at 1a, are listed in Tables A.2 and A.3, respectively. The We do find a correlation, however, between the metal-

number distribution of the gradients and their median valubs index gradients and the gradients in velocity dispersion.

are shown in Fig. 2. The velocity dispersiorand the metal- In Fig. 3 it is shown that botmMgb and A{Fe) become

lic line indices Mgb and(Fe) show on average negative gradisteeper with a steepening afo- at the significance level

ents. The median of the Balmer line gradient, instead, is pad- ~30 and 5%, respectively. Hence we basically confirm

itive. The o-gradients measured here (with a median valuéise validity of the assumption, made by Jgrgensen et al.

of —0.063) agree quite well with those found by Davies et a(1995) when modeling aperture corrections, that thebMgd

(1987) and are slightly steeper than the modeling of JgrgensEs) gradients correlate with the gradient®f However, this

et al. (1995), who use0.04. Mgb gradients are not availabledoes not hold for A (see 3c), where the median gradient

in the literature, the Mg gradient measured by Davies et alis slightly positive. Moreover, our results indicate an aper-

(1993;AMg; = —0.059+ 0.022), however, tends to be slightlyture correction slightly steeper (but consistent within the er-

steeper than our values-@.037 for logMgb, see Fig. 2). rors) than the one proposed by Jgrgensen et al. (1995) for

The mediarFe)gradients in Fig. 2 are also somewhat shathe o measurementsrty/onorm = (rap/rnorm)‘o-06 instead of

lower than measurements from Davies et al. (1993) and Gor§@s,/ o norm = (rap/norm)>*%), a shallower one for théFe) val-

et al. (1990), but are consistent within the errors. Reliatfle Hies (F€ap/(FEnorm = (Fap/Tnorm)~%%%), while on the spot for

a(lndey =
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age and metallicity but also as a function of Wage ratio.
They are based on the evolutionary population synthesis code
of Maraston (1998). The impact from element ratio changes
is computed with the help of the Tripicco & Bell (1995) re-
sponse functions, using an extension of the method introduced
by Trager et al. (2000a). Because of the inclusion of element
ratio dfects, the models allow for the clear distinction between
total metallicity [Z/H] and thea to iron-peak elements ra-

tio [a/Fe]. The latter can be best derived from the classical
Lick indices Mgb and Fe5270 aridr Fe5335 (Maraston et al.
2003, TMB). The models of TMB cover the ages 1 to 15 Gyr,
metallicities—2.25 < [Z/H] < 0.67, and the abundance ratios
-0.3 < [a/Fe]< 0.5.

The Balmer line I8 is widely used as an age indicator to
break the age-metallicity degeneracy (Galez 1993; Worthey
1994), because it is very sensitive to warm tufrstars. We
note the caveat, however, that the possible presence of unusu-
ally warm horizontal branch stars in the stellar population can
hamper the usefulness of Balmer lines as age indicators and se-
riously #fect the age diagnostics (Maraston & Thomas 2000).
Such blue horizontal branch stars may originate from either a
metal-poor subpopulation or metal-rich populations with blue
horizontal branch morphologies due to enhanced mass loss
along the red giant branch evolutionary phase. The TMB mod-
els are constructed with the canonical mass loss rates along the
red giant branch (Fusi-Pecci & Renzini 1990), that have been
calibrated on galactic globular clusters (Maraston & Thomas
2000; Maraston et al. 2003). Thé&fect described above, i.e.
anomalies in the horizontal branch morphology as a further pa-
-02 -0.15 -0.1 -0.05 0 0.0 rameter besides age, metallicity, antFe ratio, is not consid-

A(o) ered in the present paper.

Fig. 3. The fitted logarithmic gradient of the Mda), <Fe> (b) and We derive the three stellar population parameters age,

HB (c) index versus the fitted logarithmic gradient of the velocitynetallicity, andy/Fe ratio from the three line indiceg3-Mg b,

dispersiono-. Symbols as in Fig. 1. The lines show the relationand (Fe) in a twofold iterative procedure. First, we arbitrar-

(aMgb) ~ 0.58 x (ac) and(a(Fe)) ~ 0.46 x (ac) (see Fig. 2). ily fix the a/Fe ratio, and determine ages and metallicities for
the index pairs (4,Mgb) and (H3,{Fe)), by starting with ar-
bitrary age-metallicity pairs, which we modify iteratively un-

the Mgb data (Mgoap/Mg bnorm = (Fap/Tnorm)"%%%). Anyway, til both index pairs are reproduced. The two metallicities ob-

in a recent paper Moore et al. (2002) show that the apertsigned from Mgb and(Fe), respectively, are used to adjust the

correction is usually negligible since it is typically smaller or at/Fe ratio, and to start a new iteration. These steps are re-

most of the order of the individual index errors. It is also intepeated until the age-metallity pairs derived frompB(HVgb)

esting to note that the slope of thieal AMg b—ao correlation and (H8, (Fe)) at a givena/Fe ratio are consistent within

is not very diferent from the one of thglobal correlation of 1 per cent accuracy. For ages and metallicities between the grid

Eq. (4). points quoted above, we interpolate linearly.

Finally we note that, like for the central index values, no
correlation between the index gradients and the density profile
of the Coma cluster is present in our galaxy sample. 4.2. Central values
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From the central line indices (Table A.1) we now derive the

4. Ages, metallicities and  [a/Fe] ratios central ages, metallicities ang Fe ratios of the stellar popula-
tion for the early type galaxies investigated in this paper using
4.1. The model the TMB stellar population model described in Sect. 4.1.

In the following we use the stellar population models of TMB
in order to derive the stellar population parameters age, metgh 1 The diagnostic diagrams
licity, and a/Fe ratio from the line indices #§ Mg b, and{Fe).

The TMB models take into account thifexts on the Lick The left diagram in Fig. 4 shows the distribution of the cen-
indices from element abundance ratio changes, hence give Uick H3 and [MgFe] indices plotted with the stellar population
indices of simple stellar populations not only as a function ofodels of TMB. In this parameter space, mean age and total
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Fig. 4. The distribution of the central values ofgtand [MgFe] indices (eft pane) and (Fe) and Mgb indices (ight pane) averaged over
0.1 & of the 35 early type galaxies of the Coma cluster sample. Symbols as in Fig. 1. The lines indicate models (TMB) of constant ages
metallicities (see labels). Models in the right panel are for fixed age (12 Gyr) and variBagatios (see labels).

Table 1. Type dependent mean values andt ims scatter of the central ages, metallicitie/H]) and [a/Fe] ratios.

Type N <agee rmms(age) <[Z/H]> mms(Z/H]) <|[a/Fe]l> rms ([a/Fe€])

Gyl [Gyr]

E 11 10.5 3.1 0.24 0.06 0.26 0.06
E/SO 7 11.2 4.4 0.12 0.17 0.27 0.04
SO 7 9.6 13 0.14 0.06 0.21 0.06
SO, 5 2.6 0.6 0.34 0.16 0.18 0.05

metallicity can be best read¥dy eye, as both indices are pracdiscussed in Sect. 3.1, where a subclass of lenticulars with high
tically insensitive toa/Fe ratio variations as shown in TMB.HB was pointed out.

In the right-hand panel of Fig. 4 we show models and data in The average stellar parameters of these subclasses are sum
the Mgb-(Fe) plane, which provides a reasonably good firsharized in Table 1. The averages exclude, however, the galaxy
approximation ofe/Fe ratios, although agefects cannot be GMP 3958 (E) because of its extremely low Balmer index
neglected for the final derivation af/Fe ratios. The models (Hg = 1.29, see Table A.1), which implies an extrapolated un-
in the right panel are plotted for fixed age (12 Gyr). The preeasonable age of 24 Gyr (see Fig. 4). Also the three objects
cise central ages, metallicities andFe ratios derived for our GMP3329 (cD), GMP2921 (cD), and GMP3561 (S0) are not
sample are listed in Table B.1. included in these average values, because they lie outside the

Most objects have super-solar total metallicities afife model grid, so that their derived stellar parameters are strongly
element ratios, hence they angFe enhanced. The sampledifected by uncertainties caused by extrapolation. Finally, we
spans a relatively large range in average ages from 2excluded galaxy GMP3201 from the further discussion (aver-
15 Gyr in agreement with a recent Study of Coma clustéges in Table 1 and linear fits in FIgS 5 and 6), since the er-
galaxies by Trager et al. (2003). The bimodal distribution ifprs of the measured indices and hence the corresponding stel-
the [MgFe]-HB parameter space is particularly interestindar parameters are systematically larger than those of all other
We notice one “clump” at old ages scattering about an avé@bjects.
age age of 10 Gyr with a rather narrow distribution in metal- Table 1 confirms the SO dichotomy found by Poggianti
licities (0 < [Z/H] < 0.35), and a second one at roughly 2 Gyet al. (2001a), who investigated a sample of 52 Coma early
spanning a larger range in metallicities € [Z/H] < 0.8). type galaxies. They interpret the young class §Sts being
There is a very clear separation between the two. While ttiee descendants of typical star-forming spirals whose star for-
“old clump” contains all types of objects, i.e. ellipticals (E)mation has been stopped due to the dense cluster environment
lenticulars (S0) and transition types8D), the “young clump” while the evolutionary history of the $@lass and Es should be
is by far dominated by SO galaxies plus the two cDs. This riglentical. The low average ages of the young SO subclas$ (SO
sult was already indicated by the distribution of the iHdices measured would then be the direct consequence of recent star
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formation that had ceased just recently due to the infall in the <0 \ \ \
dense cluster environment. The resulting extended star forma- a)

tion histories would imply, however, a significant enrichment of E#k
iron from Type la supernovae, so that lewFe ratios should 15

be observed in contrast to the results found here (see Table 1).

The relatively highy/Fe ratios disfavor the occurence of recent +
star formation. They would be more compatible with the alter-

native interpretation that the high Balmer line indices measured ‘
in the objects of class S@re actually caused by the presence #

of unusually blue horizontal branches in these objects rather 5
than by young stellar populations (see Sect. 4.1). o %
40
—————

10

Age [Gyr]

»

4.2.2. Correlations with velocity dispersion 1

Figure 5 shows the derived stellar parameters as a function

of velocity dispersioro. The parameter which correlates best

with o is the element ratia/Fe (panel ¢). Excluding the class

of young SOs and cDs, also total metallicity correlates reason- E
ably well with velocity dispersion (panel b). Age, instead, does ™~
not seem to be a major parameter among early-type galaxies N,
(see also Trager et al. 2000b; Kuntschner et al. 2002; Trager

et al. 2003). Again, the separation in two classes, the “young”

one being dominated by SO galaxies, is very striking (panel a). 0 %

It should be emphasized, however, that the age derivation
is most dfected by observational errors. A proper analysis to —— T+ttt
decide about possible trends of age with galaxy mass therefore 0.6 —
requires a larger galaxy sample and the consideration of errors, L <)
e.g., via Monte Carlo simulations. Such an analysis is carried - 8
outin Thomas et al. (2003b) for a sample of 126 field and clus- - .
ter galaxies (including the present sample). Interestingly, the
dichotomy mentioned above is confirmed for this larger sam-
ple (including galaxies in low density environments), and the
data of the “old clump” are best consistent with age slightly
increasing with galaxy mass. Still, the above conclusion that
age is only a secondary parameter remains. The existence of a
[Z/H]-o correlation, instead, is further reinforced by the study
of Thomas et al. (2003b). Ll L1 ol L

Figure 5 shows that the elliptical galaxies and the “old” 2 .2 .4 =.6

lenticular galaxies (class $@h Table 1) follow the same cor- log (g)
relations of metallicity and:/Fe ratio with velocity dispersion.
The total metallicities of the young lenticulars (class, $0 _Fig.5. Central ages, metallicitiesZ]H]) and t_he {x_/Fe] r_atios listed
Table 1), instead, are significantly@.4 dex) higher than they in Table B.1 plotted versus the central velocity dispersioymbols
are expected to be for their, while theira/Fe ratios are con- asin Fig. 1. _Stralght lines |nd|qate the I|r_1e_ar Iegst square fits for pan-
sistent with their velocity dispersions elsb) (excluding the low-age, high metallicity objects) as)dexclud-

) ) o _ing the Objects GMP 3329, 2921, 3561 and 3201, small symbols, see

Using the mean correlations shown in Fig. 5 (assumingsact. 4.2.1), giving the following relationsZ{H] = —1.56(0.27) +
constant age of 9 Gyr) we can now reproduce thebMad 0.77(::0.10)x log(c), [a/Fe] = —0.59(x0.21)+ 0.36(:0.09) x log (o).
(Fe) indices with the TMB models, and in this way estimate
the relative importance of metallicity ang/Fe variations in
generating the global Mgr and Fe-o- relations. The result- that the shallower Fer is the result of the combination of the
ing indexe relations for models in which only metallicity or (Positive) metallicity dependence with thegativer/Fe (anti-)
only a/Fe increases witl- are shown in Fig. 1 by the long correlation.
and short-dashed lines, respectively. We deduce the contribu-
tions from me_tallicity and/Fe variations to the Mgo-_relation 4.2.3. Correlations between the stellar population
to be approximately 70 and 30 per cent, respectively. Hence,
. S S ) parameters

we confirm that metallicity is the main driver of the relation,
as suggested in the past. We show, however, thaktke ra- Possible correlations between the three stellar population pa-
tio does play a non-negligible role. Figure 1 further illustrateameters are explored in Fig. 6. There is a weak indication
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Fig. 6.Central ages, metallicitiesA[H]) and the fr/Fe] ratios listed in Table B.1 plotted versus each other. Symbols as in Fig. 1. The linear leas
square fits for panel) andc) give following relationsa) age= 129(+1.2) - 182(x4.7) x[Z/H] andc) [@/Fe] = 0.16(x0.02)+ 0.008(x0.002)x
age and are indicated by the straight lines. Object GMP 3329, 2921, 3561 and 3201 (small symbols) were not included in the fit (see Sect. 4

for a possible age-metallicity anti-correlation among the okignificant diferences between early-type galaxies in low and
subclass (above5 Gyr). It is more likely, however, that anhigh density environments with respect to their stellar param-
anti-correlation at such low significance is an artifact causeters. Environmental density seems indeed to be only of sec-
by correlated errors in age and metallicity (Trager et al. 200Gimdary importance for the formation of early-type galaxies.
Kuntschner et al. 2002; Thomas et al. 2003b). Note also that
the young subclass is not restricted to high metallicities, but
exhibits, instead, a large range in metallicities frafjiH] =
0.2 to 0.9 dex.
We detect the trend that galaxies with higlhegFe ratios
tend to have older average ages (panel c, see also ThoWvesdetermine the gradients in ages, metallicities, @ffek ra-
et al. 2002). This result is important, as it supports the conneios from the fitted index gradients dHMgb, (F&)) and the
tion betweeny/Fe ratio and formation timescale. It is imporiogarithmic fit values at B given in Tables A.2 and A.3 by
tant to take into account that correlated errors actually leadrteans of the SSP models of TMB. The ages, metallicities, and
the opposite trend, namely highefFe ratios at younger agesa/Fe ratios at (1 a. and 1a. are derived and the gradient
(Thomas et al. 2003b). was set as the flerence between the two. Hence, we obtain
It does not come as a surprise that, like the central indicése variation of the stellar population parameters per decade
also the central ages, metallicities ang/ffe] ratios derived within 1 a, (see also Eqg. (5)). The &-errors were evaluated
for our galaxy sample do not correlate with the density préhrough Monte Carlo simulations taking into account the errors
file of the Coma cluster. Note that, except for a very smati the gradients and the logarithmic fit values of the three in-
fraction of young field elliptical galaxies (see also Kuntschndices. For the two objects GMP3661 and GMP4679 no reliable
et al. 2001), also Thomas et al. (2002) could not find amyadients could be obtained, because the very hijgimHices

4.3. Gradients
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Fig. 7. Distributions of the gradients derived for age (Gyr, paagl metallicity (paneb)), anda/Fe ratio (panet)). The median values are
given in the panels, respectively. The solid lines are obtained by summing up the distributions of the gradients folded with their Gaussian errors.

at 1a, would require extrapolation to ages much younger than The lack of gradients in age amagFe ratio is particularly
covered by the grid of the present SSP models, which makest@resting as both parameters reflect formation timescales. The
reliable age determination impossible. Like in case of the camresence of/Fe enhanced stellar populations is obviously not
tral values, the very low Bl of GMP3958 again made its agerestricted to galaxy centers. Early-type galaxies globally
determination unreliable. a/Fe enhanced, at least within theifextive radii. Hence, the

formation epochs and timescales of the stellar populations do

The final gradients of the age, metallicity and tafe] ra- ot significantly change within the galaxy as a function of ra-

tio including their errors are listed in Table B.2. Histograms cﬂ‘. : : 4 )

: R . ius. This conclusion goes along well with the lack of a sig-
their number distributions and the median values are shownnlI L ant age aradient. The stellar populations in a galaxy ma
Fig. 7. The solid lines are obtained by summing up the distg} g€ g : Pop galaxy may

butions of the gradients folded with their Gaussian errors. orm on long or on short tlmescales, but they_for_m simultane-
ously in the entire galaxy independent of their distance to the

galaxy center. Note that also the lack of a significant evolution
with redshift of color gradients in early-type galaxies strongly

4.3.1. Age and a/Fe ratio disfavors the presence of age gradients in early-type galaxies

o . FgSaina et al. 2000; Tamura et al. 2000).
The most striking result is that, on average, the early-type =~ = "~ } ) o
galaxies in the Coma cluster do not exhibit gradients in age This implies that scenarios with strong inside-out or
or /Fe ratio. The number distributions of the age ariffe ra- outside-in formation processes are both disfavored. No signif-
tio gradients (panels a and ¢ in Fig. 7) show both a very cldgant residual star formation can have occurred either in the
peak at zero. As the distributions in age anFe ratio are not outskirts or in the center of a galaxy. This stands in conflict
well-defined Gaussians, we approximate their rms (Gaussi¥? Simple monolithic models, that predict the onset of galac-
widths o) by the deviation of 68 per cent of the objects frortic vylnds to occur first at large radn,_so 'Fhat a positive gradi-
the median value of the distribution. The resulting values f§ft ina/Fe should be detected (Martinelli et al. 1998; Thomas
the age and/Fe gradients are 2.7 Gyr and 0.05 dex, respe@tal. 1999).
tively, and fully consistent with the respective median errors of On the other hand, current models of hierarchical galaxy
the gradients (2.9 Gyr and 0.05 dex, see Table B.2). In bdtrmation cannot easily accommodate globailff-e enhanced
cases, 91 per cent of the objects fall inside & the distri- stellar populations (Thomas & Kéimann 1999). In general,
butions. To conclude, the non-detection of a gradient withonme expects significant star formation to rapidly occur in the
one dfective radius in both age ang'Fe for the sample stud- galaxy center triggered by a merger event (Schweizer 1990;
ied here is a statistically significant result. Devations from tH&arnes 1992; Bender & Surma 1992). Therefore:Afe over-
median value can be explained by observational errors aloabundant stellar population should be present there (i.e. a cen-
It is worth noting that we do not find a correlation betweetrally localized negative gradient, Thomas 1999). However,
grad Age and grady/Fe], or between grad Z and grad/[Fe], note that the spatial resolution of our data (typically/’, see
which further supports the above conclusion. There is a welslehlert et al. 2000) allows us to detect decoupled cores in only
anticorrelation between grad Age and grad Z as a consequemae of our 35 galaxies (see Mehlert et al. 1998) and that our
of the expected correlated errors. a/Fe gradients avoid the central regions.
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Fig. 8. Left panel:metallicity gradient as a function of the logarithmic gradient in velocity dispersion. Symbols as in Fig. 1. Galaxies outsic
oneo about the mean of the age gradients’ distribution (see Fig. 7) are plotted with smaller symbols. The typical error is given in the lov
right-hand corneiRight panelrresiduals from the correlation shown in the left panel by the solid line as a function of the age gradient.

4.3.2. Metallicity the age-metallicity degeneracy. In other words, an erroneously
steep negative age gradient causes a too flat or even positive
While age and ther/Fe ratio indicate zero gradients, we d@netallicity gradient and vice versa. Therefore we determine the
find a significant negative median metallicity gradient (paneljpear fit (solid line in left panel of Fig. 8) for those objects that
in Fig. 7). The distribution exhibits a well-defined peak ajre inside & about the mean of the age gradients’ distribution
A[Z/H]/alogae = -0.16. The rms of this peak is 0.12 dexsee Fig. 7). The galaxies outside amghence objects with
and fU”y consistent with the median error in the meta”icitmhusua”y Steep pOSitive or negative age gradients' are shown
gradient ¢0.1 dex, see Table B.2). More than 97 per cent gk smaller symbols. It can be seen that most outliers fall in that
the data points fall insidec2 around the peak of the diStribU'Iattercategory. The right panel of Fig. 8 illustrates tifeet es-
tion. The median metallicity gradient found here is in agregyicitly, by showing the residuals from the correlation between
ment, although a bit flatter than previous determinations (e.he gradients in metallicity and velocity dispersion (solid line)
Davies et al. 1993). It has already been discussed extensiv@lys function of the age gradient. Objects with age gradients

in the literature (e.g., Peletier et al. 1990; see also referencegjise to the median value follow the correlation surprisingly
the Introduction) that galaxy formation in a simple dissipativgel|, given the large error bars.

collapse (e.g., Larson 1974) would produce average metallicity

gradients of about 0.5 dex per decade (Carlberg 1984), well in Finally we note that we did not find any significant evi-
excess of the slope derived here. Hence some kind of mixigignce for correlations of the stellar population gradients with
process, for instance induced by galaxy mergers, are requieégitral velocity dispersion or other central stellar population
to flatten out the metallicity gradient (White 1980). properties, as well as other galaxy properties like galaxy type,

The total metallicity of a stellar population only depends of!0City dispersion, and environmental density in terms of ra-
the dfficiency of star formation, i.e. thieaction of gas turned dial distance from the cluster center.
into stars (e.g., Tinsley 1980). It seems therefore natural to as-
sume that a relationship between metallicity and escape ve-
locity produces the metallicity gradient (Franx & lllingworth S .
1990; Davies et al. 1993; Martinelli et al. 1998). In the gala>f‘5'3'3' Global vs. intrinsic Mg—o relations

ies’ center, where the gravitational potential is highest, star for-

mation and hence the enrichment of metals is mdfecéve |, Sect. 4.2 we have shown that the variations ofdfie ratio
than in outer regions with lower gravitational potential. drive 30% of the global Mge relation. The intrinsic Mge re-

We find empirical support for this picture, as our data iflation, i.e. local velocity dispersion versutocal Mg line-
dicate a correlation between the metallicity gradient and terength inside a galaxy, instead, must be due to metallicity
gradientin velocity dispersion (left panel in Fig. 8). Galaxiewariations alone, because of the absence of a significant gra-
with steeper metallicity gradients have also steeper gradientsliant in «/Fe and age. In other words, the global and intrin-
velocity dispersion. Note that the determination of the metallisic Mg—o- relations do not have a common origin. Somewhat
ity gradient is &ected by uncertainties in thestthdex gradient amazingly, however, the slopes of the global and local relations
and hence the age gradient, due to correlated errors causedreynot very dierent.
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5. Conclusions intrinsic Mg-o- relations have dierent origins, the former
being at least partially produced by formation timescales

From highS/N spectra of 35 early type galaxies in the Comé&y/Fe ratio), the latter by the local gravitational potential

cluster we have measured central values and gradients witfriretallicity) alone.

one dfective radius of velocity dispersion and the line in-

dices BB, Mghb, Fe5270, and Fe5335. With the neyiFe sen- Acknowledgementse thank the referee Bianca Poggianti for

sitive stellar population models of TMB, we have determine‘@?’ngheo:gs'sg%r:sme$§8 a”‘:)rkscogs Tsragsgrt]:;; tbhe tkr:ea”%’e"t‘;i;e
. . _I ISCUSSI . IS W W u y u
central values and gradients of the stellar population pararﬁ%rschungsgemeinschaft via project Be 16%nd SFB 375,

ters age, total metallicity, and/Fe element ratio.

Central values We find a very clear age dichotomy among théppendlx B: Stellar parameters
population of SO galaxies in the Coma cluster. The first class

is dominated by old<10 Gyr) stellar populations and is prac-_l_ ble B.LTh ral allicit ) and the f/Fe] rati
tically indistinguishable from the elliptical galaxy population|aP!€ B.1.The central ages, metaliicitiesZ{fH]) and the f/Fe] ratios
y 9 P 9 y pop ived from the indices listed in Table A.1 combined with the models

The lenticulars of the second class, that also includes the )

. rom TMB (see Fig. 4 as well as Sect. 4.1).
cD galaxies, have very young?2 Gyr) average ages, hence are
dominated by recent major star formation episodes. They may
be the descendants of typical star-forming spirals whose star

GMP Nr. age dage Z4/H] d[Z/H] [a/Fe] djo/Fe]

formation has been stopped due to the dense cluster environ- [Gyr] [Gyr]

ment (Pogg|ant| et al. 2001a) 3329 2.2 0.1 0.77 0.04 0.37 0.01
The element ratia/Fe correlates with central velocity dis- 2921 26 02 075 005 042 0.02

persion, and drives 30% of the Mg—relation. We find the 4928 145 14 015 005 0.28 0.03

tendency that older galaxies have highé¢Fe ratios (see also 4822 11.2 1.3 021 0.06 0.16 0.03
Thomas et al. 2002), which implies that the most massive 1750 11.3 1.7 028 0.08 0.33 0.03
galaxies in the Coma cluster had not only the shortest star for-  »39q 132 20 026 008 036 003
mation timescales (because of tlag-e ratio; e.g., Matteucci 2795 96 13 011 006 025 0.03
1994; Thomas et al. 1999) but were also the first to form.
Interestingly, none of the |nd!ces or_the stellar population 2629 87 15 012 007 014 0.03
parameters depend on the density profile of the Coma cluster,
which spans a range of about 3 dex. We conclude that environ- 3561 20 015 085 0163 0287 0.04
mental éfects did not significantly influence on the evolution ~ 2000 86 13 018 006 024  0.03
of the early-type galaxies in the Coma cluster. 2413 73 16 010 006 021  0.03
4829 7.9 19 0.37 0.06 0.27 0.03

Gradients The most striking result from studying the stellar 3510 14216 019 006 022 0.03
population gradients (within R) of our sample is the ab- 2417 115 24 010 010 027 005
sence of a gradient in both age amgFe ratio. The first di- 2440 135 21 013 0.08 024 004
rect important inference is that the existencer¢ffe enhanced 3414 112 27 007 012 023 0.07
stellar populations in early-type galaxies is not restricted to 4315 122 1.7 004 0.08 0.24 0.05
their centers but it is a global phenomenon. The star forma- 3073 105 15 019 0.07 0.17 0.04
tion timescales do not vary significantly inside a galaxy as a 1853 101 29 016 012 0.5 0.06
function of radius. The !ocal potential at a given radius does 3501 25 11 022 024 045 0.13
not dfect the forrr_latlon tlmescales_. _ _ 3661 20 02 059 014 025 0.05
_ It does dfect, mstea_d, t_h_e fraction qf gas Iost_lr_l a gala_ctlc 4679 21 03 020 006 014 0.04
wind, as we detect a significant negative metallicity gradient.
At larger radii, the potential is shallower, i.e. the escape ve- 3352 34 05 032 008 020 0.04
locity is lower, so that star formation is less complete and the 2535 23 05 041 009 014 0.03
metallicity is lower than in the center (e.g., Davies et al. 1993). 3958 - - - - - -
This conclusion is further supported by the fact that we finda 2776 118 23-010 006 028  0.09
relationship between the metallicity gradient and the gradient 0144 58 05 034 002 0.20 0.01

3792 13.4 21 031 0.07 0.33 0.03

in velocity dispersion. 0282 77 08 026 004 0.30 0.02
Finally, the presence of a metallicity gradient and the ab- o756 31 02 024 0.03 0.20 0.02

sence of gradients in age amgdFe ratio show that the in- 1176 33 04 026 004 019 002

trinsic Mg-o- relation, i.e.local velocity dispersion versus- 1990 170 1.2 -001 005 033 0.04

cal Mg line-strength inside a galaxy, is driven by metallicity
alone. We have shown that the global relation, instead, is driven
by both metallicity anda/Fe ratio, the former contributing

roughly 70 the latter 30 per cent. Hence, the global and the

5279 10.9 08 0.25 0.05 0.27 0.03
5568 9.6 0.6 0.25 0.04 0.30 0.02
5975 5.7 1.2 027 0.09 0.22 0.05




434 D. Mehlert et al.: Spectroscopy of Coma early-type galaxies. lll. Gradients

Table B.2.Gradients of the ages, metallicitieZ(H]) and [¢/Fe]) ra- Burstein, D., Davies, R. L., Dressler, A., et al. 1988, in Towards
tios derived from the fitted gradients values at listed in Tables A.2 Understanding Galaxies at Large Redshifts, ed. R. K. Kron, &
and A.3 combined with the models from TMB (see Sect. 4.3 for A. Renzini (Dordrecht: Kluwer)
details.) Carlberg, R. G. 1984, ApJ, 286, 403
Carter, D., Mobasher, B., Bridges, T. J., et al. 2002, ApJ, 567, 772
GMP nage dage A[Z/H] da[z/H] a[e/Fe] da[a/Fe] Carollo, M., Danziger, 1. J., & Buson, L. 1993, MNRAS, 265, 553

NG Gy [Gyr] Cole, S., Lacey, C. G., Baugh, C. M., & Frenk, C. S. 2000, MNRAS,

319, 168
3329 01 03 -0.19 Qo7 Q02 Q02 Colless, M., Burstein, D., Davies, R. L., et al. 1999, MNRAS, 303,
2921 42 13 -0.29 Q12 -0.02 Q03 813
4928 02 34 —0.06 010 —0.16 004 Davies, R. L., Sadler, E. M., & Peletier, R. F. 1993, MNRAS, 262, 650

Davies, R. L., Burstein, D., Dressler, A., et al. 1987, ApJS, 64, 581

4822 24 32 -014 009 001 Q04 Djorgovski, S., & Davis, M. 1987, ApJ, 313, 59

1750 48 52 -025 013 -0.09 Qo7 Dressler, A., Lynden-Bell, D., Burstein, D., et al. 1987, ApJ, 313, 42
2390 65 58 -0.26 014 002 006 Eggen, O. J., Lynden-Bell, D., & Sandage, A. R. 1962, ApJ, 136, 748
2795 -25 14 001 005 —0.05 002 Faber, S. M. 1977, in The Evolution of Galaxies and Stellar

Populations, ed. B. Tinsley, & R. B. Larson (New Haven: Yale

3792 -26 48 -0.02 012 -0.01 006 Univ. Obs.), 157

2629 -0/ 32 004 029 Q03 008 Franx, M., & lllingworth, G. D. 1990, ApJ, 359, L41
3561 -03 08 -0.28 019 004 006 Fusi-Pecci, F., & Renzini, A. 1976, A&A, 46, 447
2000 06 25 -—011 010 ~001 006 Gonzlez, J. J., & Gorgas, J. 1996, in Fresh views of elliptical galaxies,

ASP, 86, ed. A. Buzzoni, A. Renzini, & A. Serrano, 225

2413 18 22 -007 Q07 -0.10 004 Gonzlez, J. J. 1993, Ph.D. Thesis, University of California, Santa

4829 -02 25 -0.17 008 003 004

Cruz
3510 03 25 -0.19 008 004 004 Gorgas, J., Efstathiou, G., & Arag-Salamanca, A. 1990, MNRAS,
2417 -73 29 021  QO7 009 005 245,217
2440 -53 29 002 010 ~0.02 004 JlmeLri%z, R., Friaca, A. C. S., Dunlop, J. S., et al. 1999, MNRAS, 305,
3414 28 44 -013 014 -003 Q09 Jorgensen, |. 1999, MNRAS, 306, 607
4315 01 30 -0.10 Q07 Q04 Qo4 Jorgensen, l., Franx, M., & Kjeergaard, P. 1995, MNRAS, 276, 1341
3073 -35 37 0.07 011 004 006 Kauffmann, G. 1996, MNRAS, 281, 487
Kobayashi, C., & Arimoto, N. 1999, ApJ, 527, 573
1 4 42 -0.2 1 -0.01
853 0 020 ais 00 o9 Kuntschner, H., & Davies, R. L. 1998, MNRAS, 295, L29
3201 179 75 -0.10 030 -0.10 014 Kuntschner, H.. MNRAS, 315, 184
3661 - - - - - - Kuntschner, H., Lucey, J. R., Smith, R. J., Hudson, M. J., & Davies,
4679 - _ _ _ _ _ R. L. 2001, MNRAS, 323, 615

3352 —06 11 ~017 Qi1 Q12 004 Kuntschner, H., Smith, R. J., Colless, M., et al. 2002, MNRAS, 337,

172

2535 08 08 023 012 -006 Q05 Lacey, C., & Cole, S. 1993, MNRAS, 262, 627
3958 - - - - - - Larson, R. B. 1974, MNRAS, 166, 385
2776 -01 25 0.06 Q13 -0.02 Q09 Maraston, C. 1998, MNRAS, 300, 872
0144 Q0 12 —018 004 —0.02 002 Maraston, C., &Thomas, D. 200.01 ApJ, 541, 126

Maraston, C., Greggio, L., Renzini, A., et al. 2003, A&A, 400, 823
0282 02 20 -020 Qo7 -0.06 Q03 Martinelli, A., Matteucci, F., & Colafrancesco, S. 1998, MNRAS, 298,
0756 -00 06 -0.20 Q06 -0.02 Q05 42
1176 -02 04 -0.10 005 -0.02 003 Mehlert, D., Saglia, R. P., Bender, R., et al. 2000, A&AS, 141, 449
1990 16 40 -008 Q07 012 Q06 (Paper 1)

Mehlert, D. 1998, Ph.D. Thesis, UnivegitVilinchen

5279 -26 35 -0.10 011 -0.05 Q06 Mehlert, D., Saglia, R. P., Bender, R., & Wegner, G. 1998, A&A, 332,
5568 21 34 -0.21 Q12 Q00 Q06 33
5975 29 24 -0.34 016 -0.11 007 Moore, S. A. W., Lucey, J. R., Kuntschner, H., et al. 2002, MNRAS,
336, 382
Peletier, R. F., Davies, R. L., lllingworth, G. D., Davis, L. E., &
Cawson, M. 1990, AJ, 100, 1091
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Appendix A: Line indices
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Table A.1. The central values (averaged over 8.)0f the indices H, Mgy, Fe&s,70 Fesass and of the velocity dispersian.

Nr. GMP Type B dH3 Mgb dMgb Fe5270 dFe5270 Fe5335 dFe5335 (o) d{o)
Nr. A AL AL A (Al [A] [A] [A] kms ] [kms™]
1 3329 D 213 0.03 4.91 0.03 2.82 0.04 2.93 0.04 256.5 15
2 2921 D 194 007 545 0.08 2.93 0.08 3.15 0.09 380.6 5.1
3 4928 ESO 141 010 4.90 0.11 2.83 0.12 2.68 0.13 272.3 4.7
4 4822 E 161 010 457 0.11 291 0.12 2.94 0.14 262.0 3.2
5 1750 E 155 013 517 0.13 3.08 0.15 2.47 0.17 300.5 2.7
6 2390 E 143 013 533 0.14 2.93 0.15 2.57 0.17 273.8 2.7
7 2795 SO 1.60 0.09 433 0.096 2.90 0.104 2.30 0.12 246.8 2.2
8 3792 E 139 0.13 5.39 0.14 2.99 0.15 2.72 0.17 284.7 4.9
9 2629 SO 172 013 432 0.13 2.78 0.12 2.72 0.13 191.9 20
10 3561 SO 226 014 4.48 0.12 2.96 0.16 2.99 0.17 283.0 4.3
11 2000 E 170 0.12 443 0.13 2.87 0.15 2.50 0.16 199.1 2.2
12 2413 SO 177 011 411 0.09 2.85 0.14 2.35 0.14 211.3 2.0
13 4829 ESO 163 0.10 4.94 0.12 3.01 0.12 2.81 0.13 2455 29
14 3510 E 141 012 4.83 0.13 2.98 0.15 2.82 0.16 201.5 2.8
15 2417 SfE 161 0.17 455 0.18 2.82 0.20 2.39 0.22 224.4 3.8
16 2440 E 146 015 4.70 0.17 2.95 0.19 2.58 0.21 209.4 3.7
17 3414 SO 161 022 436 0.23 2.82 0.27 241 0.29 168.7 9.5
18 4315 ESO 157 015 4.39 0.16 2.67 0.19 2.50 0.21 190.2 4.1
19 3073 SO 158 014 4.44 0.15 3.12 0.16 2.60 0.18 170.4 2.4
20 1853 SO 165 0.22 433 0.24 291 0.25 2.75 0.28 201.8 3.8
21 3201 E 229 042 412 0.44 2.53 0.48 1.88 0.56 181.7 5.7
22 3661 SO 225 016 4.20 0.17 2.79 0.18 2.86 0.20 177.8 7.3
23 4679 SO 237 012 342 0.13 2.45 0.14 2.62 0.16 82.0 2.2
24 3352 ESO 205 0.17 4.00 0.18 2.80 0.19 2.73 0.22 186.7 6.7
25 2535 SO 222 008 3.93 0.09 291 0.09 2.88 0.10 124.4 3.0
26 3958 E 129 014 4.18 0.15 2.29 0.16 1.59 0.18 152.9 21
27 2776 SfE 2.00 0.2 4.21 0.22 2.69 0.24 1.90 0.27 132.6 2.8
28 0144 E 176 0.04 453 0.04 2.89 0.05 2.98 0.05 217.1 14
29 0282 E 171 0.07 475 0.08 2.88 0.09 251 0.10 290.6 2.3
30 0756 SO0 215 0.06 3.83 0.07 2.70 0.08 2.55 0.09 178.3 0.7
31 1176 SO 213 0.07 3.87 0.08 2.80 0.09 2.55 0.10 189.0 0.8
32 1990 ESO 140 0.04 4.78 0.12 2.83 0.13 2.19 0.15 275.1 3.7
33 5279 E 154 0.093 4.89 0.10 291 0.12 2.70 0.13 269.1 2.7
34 5568 SO 1.62 0.066 4.82 0.07 2.80 0.08 2.63 0.09 226.9 1.8
35 5975 E 1.81 0.18 4.39 0.20 2.88 0.23 2.68 0.25 198.4 5.4
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Table A.2. The fitted logarithmic gradients inside< 1a. of the indices i, Mgy, Fé&s270, Fe&sass and the velocity dispersion.

GMP Nr. AHg  daHg  AMgy,  daMg,  AFe70  dAFe70  AF&ssss  daFessss Ao dao

3329 -0.006 0.010 -0.010 0.005 —-0.035 0.009 —-0.006 0.009 —-0.025 0.009
2921 -0.026 0.023 -0.021 0.009 —0.036 0.017 —-0.045 0.018 -0.065 0.015
4928 0.029 0.037 -0.046 0.013 —0.026 0.024 0.064 0.023 —0.004 0.024
4822 0.029 0.037 -0.046 0.013 —0.026 0.024 0.064 0.023 -0.023 0.020
1750 —-0.050 0.048 -0.062 0.016 —0.046 0.028 0.025 0.036 -0.077 0.012
2390 -0.044 0.057 -0.045 0.015 —0.019 0.027 —-0.022 0.035 -0.034 0.013
2795 0.042 0.015 -0.031 0.007 —0.002 0.011 0.004 0.018 -0.128 0.008
3792 0.045 0.044 -0.042 0.014 -0.034 0.027 0.007 0.033 -0.014 0.021
2629 0.110 0.027 0.001 0.013 —-0.002 0.019 0.082 0.020 -0.005 0.012
3561 -0.010 0.034 -0.038 0.013 -0.017 0.027 -0.042 0.029 -0.103 0.014
2000 -0.001 0.032 -0.041 0.014 —-0.026 0.024 -0.039 0.032 -0.053 0.016
2413 -0.011 0.025 -0.018 0.008 0.016 0.018 0.006 0.026 —-0.059 0.008
4829 0.002 0.029 -0.038 0.010 -0.037 0.018 —-0.056 0.021 -0.075 0.011
3510 0.038 0.031 -0.045 0.011 —-0.050 0.021 —-0.056 0.025 -0.050 0.017
2417 0.076 0.034 0.016 0.015 0.015 0.022 —-0.031 0.030 —0.055 0.013
2440 0.064 0.034 -0.050 0.014 —0.046 0.024 —0.005 0.028 -0.169 0.018
3414 0.051 0.049 -0.034 0.021 0.018 0.034 —0.063 0.048 —0.088 0.021
4315 0.008 0.035 -0.036 0.013 -0.024 0.024 —0.056 0.029 -0.106 0.015
3073 0.037 0.039 -0.003 0.015 0.009 0.024 —0.008 0.032 -0.067 0.019
1853 0.043 0.060 -0.054 0.028 —0.044 0.045 —0.058 0.055 -0.151 0.021
3201 —0.136 0.085 0.043 0.034 0.011 0.058 0.165 0.070 0.022 0.031
3661 0.150 0.022 -0.037 0.016 —-0.069 0.027 —-0.047 0.027 -0.101 0.020
4679 0.003 0.031 0.040 0.022 —-0.000 0.034 0.045 0.033 —-0.005 0.035
3352 0.076 0.022 -0.029 0.014 —-0.026 0.021 —-0.094 0.029 -0.108 0.027
2535 -0.027 0.022 -0.051 0.013 —-0.069 0.019 —-0.044 0.021 -0.056 0.017
3958 0.005 0.052 -0.027 0.017 —-0.028 0.034 —-0.046 0.058 —-0.037 0.021
2776 0.034 0.043 -0.019 0.024 —-0.058 0.042 0.053 0.058 —-0.015 0.015
0144 0.038 0.015 -0.055 0.007 —0.019 0.012 —-0.031 0.013 —0.062 0.006
0282 0.022 0.022 -0.056 0.010 —0.042 0.018 —0.003 0.022 —0.069 0.006
0756 0.013 0.017 -0.071 0.011 —0.054 0.019 —0.053 0.022 -0.124 0.006
1176 0.012 0.014 -0.029 0.009 —0.028 0.014 —-0.019 0.016 —0.084 0.004
1990 -0.002 0.040 0.015 0.014 —0.036 0.024 0.087 0.030 —0.095 0.009
5279 0.058 0.032 -0.068 0.013 —0.056 0.025 0.012 0.027 -0.063 0.011
5568 0.005 0.039 -0.035 0.014 —0.046 0.029 —-0.012 0.032 -0.047 0.012
5975 0.017 0.040 -0.087 0.020 —-0.029 0.033 -0.023 0.037 —-0.078 0.016
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Table A.3. Logarithmic fit values atd. of the indices H, Mgy, Fes270, Fessss and the velocity dispersiam.

GMPNr.  log, dlog, Ilog, dlog, log, dlog, log, dlog, log, dlog,
] ] Mgp Mgy, Fearo Fep2ro Féssss  Fésass o o

3329 0.325 0.016 0.678 0.008 0.397 0.014 0.474 0.014 2397 0.015
2921 0.246 0.030 0.708 0.012 0.409 0.022 0.426 0.024 2477 0.020
4928 0.205 0.041 0.625 0.016 0.412 0.028 0.512 0.025 2.431 0.033
4822 0.196 0.032 0.639 0.012 0.420 0.022 0.493 0.020 2.387 0.024
1750 0.114 0.049 0.636 0.016 0.433 0.028 0.446 0.033 2.379 0.012
2390 0.098 0.063 0.674 0.016 0.435 0.029 0.372 0.038 2.384 0.014
2795 0.290 0.016 0.594 0.008 0.454 0.013 0.384 0.018 2.225 0.007
3792 0.198 0.033 0.680 0.011 0.445 0.022 0.461 0.025 2.434 0.020
2629 0.400 0.028 0.632 0.015 0.444 0.022 0.566 0.020 2.278 0.018
3561 0.319 0.028 0.612 0.010 0.446 0.021 0.413 0.023 2.340 0.010
2000 0.232 0.028 0.599 0.013 0.425 0.022 0.357 0.029 2229 0.016
2413 0.228 0.028 0.601 0.010 0.493 0.018 0.404 0.026 2.237 0.010
4829 0.228 0.022 0.648 0.008 0.432 0.015 0.382 0.019 2.298 0.009
3510 0.202 0.026 0.625 0.010 0.406 0.019 0.370 0.024 2.245 0.015
2417 0.269 0.023 0.642 0.010 0460 0.017 0.325 0.026 2.255 0.014
2440 0.240 0.021 0.616 0.009 0.420 0.016 0.408 0.018 2.140 0.014
3414 0.258 0.033 0.611 0.015 0.461 0.023 0.326 0.034 2.116 0.024
4315 0.199 0.033 0.595 0.011 0.392 0.020 0.311 0.025 2.134 0.014
3073 0.240 0.031 0.643 0.012 0.490 0.019 0403 0.026 2.159 0.017
1853 0.263 0.044 0582 0.023 0.423 0.036 0.394 0.045 2.132 0.016
3201 0.164 0.075 0.637 0.023 0.453 0.040 0.499 0.040 2.276 0.027
3661 0.477 0.013 058 0.011 0.383 0.019 0.419 0.019 2137 0.016
4679 0.383 0.029 0.590 0.020 0.391 0.033 0.481 0.031 1.903 0.036
3352 0.356 0.011 0.586 0.007r 0.431 0.011 0.379 0.016 2.208 0.017
2535 0.320 0.017 0.542 0.010 0.394 0.015 0.413 0.017 2.031 0.016
3958 0.118 0.031 0.599 0.011 0.337 0.021 0.161 0.036 2.149 0.014
2776 0.321 0.026 0.603 0.015 0.377 0.027 0.329 0.034 2.084 0.014
0144 0.283 0.013 0.597 0.006 0.437 0.010 0.432 0.011 2.283 0.005
0282 0.254 0.017 0.610 0.008 0.412 0.014 0.400 0.016 2.366 0.006
0756 0.348 0.013 0500 0.009 0.376 0.015 0.352 0.018 2.084 0.006
1176 0.351 0.011 0.548 0.007 0.413 0.012 0.382 0.014 2146 0.004
1990 0.127 0.023 0.668 0.007 0.412 0.016 0.433 0.018 2.267 0.011
5279 0.245 0.023 0.616 0.010 0.405 0.019 0430 0.020 2.340 0.012
5568 0.218 0.052 0.634 0.019 0.379 0.039 0.406 0.042 2.296 0.020
5975 0.269 0.022 0.572 0.012 0.432 0.018 0.420 0.0212 2.215 0.013




