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Abstract. We investigate distributions of the stellar metalliclight, in the 2000 to 3508 spectral region, with respect to the
ity Z which can solve the local (within the effective radiuspbserved integrated spectral energy distribution in ellipticals
and/or the global G-dwarf problem in elliptical galaxies. Wée.g. M32 and NGC 4649). Such an excess can only be cured by
represent an elliptical galaxy with the spherical and isotropstippressing the contribution from stars with a metal abundance
model by Hernquist (1990) and relate thedispersion to the (by mass)Z < 0.008, i.e.Z < 0.5Z with our adoptedZ,, =
stellar binding energy. Such aZ —£ relation may be a single- 0.0169. An analogous flux excess is also found for the bulge
valued functionZ(€), or an€-dependen¥ spectrum for each of M31 (Worthey et al. 1996). Secondly, star counts in a region
value of€ in its proper range. In this preliminary paper we only’ — 2’ from the center of M32 and based on HST observations
consider a stellar component of one age, thus disregardinfGaillmair et al. 1996) showed that the stell&r distribution
superposition of several independént £ relations. Moreover, is similar to, and perhaps narrower than, the one found in the
we adopt an exploratory approach with the aid of a few simpéelar neighbourhood (Pagel 1989, Rana 1991).Therefore, there
Z—& relations, and take into account the observed colours a@sgbrobably a G-dwarf problem also in M32. Lastly, Worthey et
metallicity radial gradients togetherwith thié — V) — (V—K) al. (1996) found that, in order to match the observed absorption
and(1550 — V') — M g- correlations. We find that some of thefeature Fe4668 in elliptical galaxies, a factor of 4 reduction is
adoptedZ —¢ relations fit reasonably well the observed correlaequired in the number of metal-poor stars predicted by the SM.
tions and, at the same time, can solve the local and/or the globaé same authors also proposed the existence of a universal
G-dwarf problem. In particular, the ‘Simple Model’ can remové&-dwarf problem as a viable hypothesis.
the local G-dwarf problem but not the global one, whereas the However, an ultraviolet excess in the spectral region 2500
‘Best Accretion Model’ by Lynden-Bell (1975) can avoid bottio 4000A in the integrated spectra of distant ellipticals (with
problems. Furthermore, our results suggest a viable approaetishifts from 0.3 to 0.45) with respect to the integrated spectra
to the formulation of a flexibl&Z—& relation, either as a single- of nearby galaxies was already known in the early eighties (e.g.
valuedZ(€) or an€-dependent spectrum, that can solve theOke et al. 1981 and references therein) and was interpreted as
G-dwarf problem and agree with all the major observational e-consequence of comparing spectra of whole galaxies with
dences. We confirm that the mean metallicities, as inferred frdhose of nuclear regions. According to this explanation, a G-
the Single Stellar Populations and observed colours or specthalrf problem may exist for central regions but not for the
indices (e.gM g>), may be underestimated by up to a factor adntire galaxy.
two, owing to the stellar metallicity spread in real ellipticals. In order to provide a contribution to the debated G-dwarf
problem in ellipticals, we study in this paper both the global
Key words: ultraviolet: galaxies — galaxies: stellar content and local G-dwarf problems, related to various metallicity dis-
galaxies: elliptical and lenticular, cD — galaxies: abundancestributions of the stellar component, with the aid of the analytical
model (hereafter H model) provided by Hernquist (1990). The
qualifier ‘global’ refers to the galaxy as a whole whereas the
qualifier ‘local’ refers to the projected region within the effec-
1. Introduction tive radiusR,..

In the last few years some authors have shown that the numper?Ve follow Ciotti et al. (1995, hereafter CSB) in assuming

of metal-poor stars in elliptical galaxies is less than predicted Bif €Xistence of a correlation betwemnd the stellar binding
the so-called Simple Model (SM) of chemical evolution (for thEN€T9Y€, but enlarge their approach by considering Eix&
SM see e.g. Pagel & Patchett 1975, Pagel 1989, 1997). Firsifjations, four of them as single-valued functich’) and two
Bressan et al. (1994) and Tantalo et al. (1996, hereafter TCE)C "dependenZ spectra. Besides the G-dwarf problem, we

found that the closed-box approximation predicts an excessaéﬁ‘o expand the comparison with observations in order to better
ensure the consistency of the adopfed¢ correlations. In par-
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weighted by mass and by luminosity, and the predidedis- 1. Functions(E) is obtained by numerical integration of the
tributions of the stars seen along the line of sight and throughuation

circular concentric apertures (with respect to the elliptical), to-

gether with the integrated colour indides-V, B—V,V - K, <5 _ f(E)g(E), (3)
and1550 — V, and the absorption-line inde) g,. dE

~ The present paper is arranged as follows: in Sect. 2 we re¢@flere f (E') andg(E) are the distribution function and the den-
briefly some basic formulae and properties of the H model aggy of states, respectively, and are available in terms of elemen-
present theZ —£ relations with the corresponding global pretary functions (see Hernquist 1990). We also denote(b) the

dictions; the projected mass- and luminosity-weighted m€ancymulative mass of the stars with metallicities not larger than
values, theZ distributions of stars seen in projection, and thg whereZmin < Z < Zmaz ands(Zmas) = 1.
integrated colour indices are presented in Sect. 3 tOgether with A|th0ugh the H model C|ose|y approxima’[es tRé/4_|aW

a concise comparison with CSB; the G-dwarf problem and thg ellipticals (Hernquist 1990), such a comparison follows from
comparison with the observed correlati¢ns50 — V) — Mgs  an adopted constant (i.e-independent) mass-to-light ratio,
and(U — V) — (V — K) are considered in Sect. 4; the discusyhich is not fully consistent with observed colour gradients.
sion and some conclusions are given in Sect. 5. The Appendixgsally, it is assumed that the initial mass function (IMF)is

contain the derivation of some formulae used inthe text.  and time-independent during the whole phase of star formation.

2. The H model and theZ — € relations 2.2. TheZ — E relations

In this section we recall only a few technical details of the ﬁhe observed radial gradients of various colours and spectral

model, which are needed throughout the paper, and present'Bgifces (considered in Sect. 3) are currently interpreted as due

adoptedZ—¢ relations with the corresponding global predict_o an underlying gradient of the mean local metallicity of the

tions. Although the effects of an anisotropic velocity dispersi e!lar gomponent, although agontribution from diﬁerentigl dust
can be taken into account, we shall adopt the H model in gytinction may be presentin elliptical galaxies (Goudfrooij & de

simplest version, i.e. a spherical and isotropic H model. Jong 1995)' In the spherical and isotrop_ic H model _the binding
energy is the only free parameter, to which a metallicity spread

can be related.
2.1. The H model Such aZ — E correlation, which we simply denote (),

The H model is defined by the mass-density profile) = is to be thought of as the final outcome of the entire phase of

aM /[27r(r + a)?] and the potentiab(r) = —GM/(r + a), stellar _formation.According to (_:urrent spe_cu!ations,the galaxy
formation may have occurred in a monolithic or fragmentary

wherer is the (spatial) radial distance, a scale lengthG ) . X o e :
|_fash|on with various degrees of dissipation, that is in a main

the gravitational constant, antd the total mass of the ste '
lar component (i.e. long-living stars and compact remnan'[s).em'SOde or through many events, coeval or not. Whatever the

the following we shall use the dimensionless positive potent@/Tect scenario may be, one can conjecture that the stars, born
() = —(GM/a)~'®(r) and the dimensionless binding enWith the same energy, also formed with approximately orie

ergy (per unitstellar masg) = (GM/a)"*Ewith0 < E < v, or, alternatively, that they formed withvaspectrum, eventually

wherew, = 1(0). For the sake of conciseness we shall aidgPending orZ. However, the binding energies of the stars at
adoptM anda as the units of mass and length, respectively. their birth may not have been equal to their binding energies in

The projected mass-density profile at the projected ralﬁiusIhe final steady-state of the galaxy. _ .
reads Therefore, one is faced with two problems. The firstone is to

recoverZ(E) for the steady-state ellipticals we observe today;
the second one would be to relate the recovefé¢d) to the
epoch before the final virialized state. Since a reliable theory
for the galaxy formation is still lacking, we shall only consider
whereQ(R) = (1 — R?)~Y/2sech'Rfor0 < R < 1, and the firstissue, which is a difficult task in itself, especially so if
Q(R) = (R*— 1)—1/2 sec!Rfor1 < R < +oco. The cumula- the existingZ (E) arises from the superposition of several inde-
tive surface density,,(R) = 2 foR pp(R))R'dR’ within the PendentZ(E) relations. However, in the following we assume

1

pp(R) = m[@ +R*)Q(R) - 3], 1)

aperture radiug follows as that an elliptical obeys exactly to o E).
In particular, we choose four cases with a single-valued
R2 function Z(FE) and two further cases with & spectrum as a
Pap(R) = ?RQ[Q(R) -1, (2 function of £, i.e. Z varies, according to a given law, from a

minimum Z; (F) to a maximumZz(E) for any £ in (0, ).
and the effective radiug,, for a constant mass-to-light ratio,Moreover, we shall compare our model predictions with sev-
turns out to bek, ~ 1.8153. eral observational constraints with no pretension, however, of
We denote by(E) the cumulative mass of the stars wittmaintaining that all such constraints can ensure the uniqueness
binding energies not larger thahand normalized ta(y,) = of the solution in terms of th& (E) relation.
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Fig. 1. The global cumulative masse&?) versus lod/p for the la-
belled models (Sect. 2.2)

All the Z — F relations studied in the following contain
the metal yieldy as a free parameter. We first consider various
models with single-valued functioris(E).

Model A. The global Z distribution is according to the SM
with an initial zero-metal abundance and a star-formation phase

lasting until the complete gas exhaustion. We defiy&’) from  Fig. 2a and b. The global frequency histogranasN/N; of logZ/p
Z(s) = —pIn(1 — s) with s = s(E) from Eq. (3). for the labelled models (Sect. 2.2)

logﬁ

Model B. The globalZ distribution is according to the ‘Bestand limit ourselves to the choices, (E) = hipE'/" and
Accretion Model' (BAM) of Lynden-Bell (1975: see also Pagef2(E) = hepE*/™, with hy < h,. The fractional number of
1989, 1997) withz = 0 for the accreting gas and no gas outflothe stars and remnants with a given enefggnd abundances
during the star-formation phase. In the BAM a forming galaxot larger thart is given by

starts with some gas mass (assumed here with an initial zero- z*

metal abundance) and then grows by gas inflow. The maximii{Z, E) = /
total mass attainable by the stellar component is denoted by
My (in units of the initial gas mass), which is reached if the gaghere Z* =min[Z, Z>(F)]| (see the Appendix C)(Z, E) is
component vanishes. Assuming the complete gas exhausttaken to be

we deriveZ(E) from e—(Z=21)/p

92, B) = p[l — e~ (Z2=21)/p] °

¢(Z',E)dz’", (5)
Z1(B)

In(1—3s)+cs ©)
(b+es)? with the normalizatioanZI2 o(Z,E)dZ = 1, whereZ; =
whereb = 1/My, c=1—b, ands = s(E) from Eq. (3). Z1(E) andZ; = Z,(FE). Model E corresponds to the choice
We choose the specific valué; = 20, which gives agood hy = 0, hy = 3, andn = 2 and Model F tah; = 0.5, hy = 3,
fit to the Z distribution of the stars in the solar neighbourhoodndrn = 2. Obviously, F reduces to E fdr; = 0, or to D for
according to Pagel (1989 and 1997). It should be noted that the= 3.
BAM reduces to the SM whef/; = 1. The cumulative masseg7) versus log//p are shown in
Fig. 1 for the various models, and the corresponding frequency
histogramsAN/N; (N; being the total number of stars and
remnants), binned into steps 0fl in logZ/p, are shown in
Z(E) = Z,E'/™ (4) Fig.2a and b. It should be noted that tHe— E relations of
) ) Models C to F are adjusted to the specific valye= 1 of the H
withn = 1 (Model C) orn = 2 (Model D), andZ, = 3p, which  qqel: for other spherical models witfy # 1 (see e.g. Dehnen

is approximately the maximuréd attainable in the C|OS€d-b0X1993, Tremaine et al. 1994) they are to be adapted properly.
computations without the instantaneous recycling approxima-

tion.

Z(s)=-p

Models C and D.The functionZ (E) obeys to the power law

2.3. Global quantities

Models E and F.In the second instance we examine two modkhe global mass-weighted abundance can be writtefy,as-
els, both withZ,(E) < Z < Zy(E) for any E in (0,%,), [, 2(E)ds(E), wherez(E) = Z(E) for Models A to D, and
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Table 1. Global values of the mass-weightéf},, and luminosity- Table 2.Global colour indices for the listed models, IMF-mass expo-
weightedZy for the listed models witts(E) from Eg. (3). TheZy  nentz = 2.35, and assumed values &f,, (Sect. 2.3)
values are given for assumed valuesZaf and refer to the IMF-mass

exponentr = 2.35; for the other IMF slopes see Sect. 2.3 Index  Zm/Zso A B C D E F SSP
. . U-V 05 1.11 121 113 122 113 120 1.25
Mean metallicity Z./20 A B € D E F " 10 121 134 124 135 125 132 1.41
Zm[p - 1.000 1.000 0.750 1.365 0.505 0.671 ” 15 129 144 131 144 133 141 151
Zv | Za 0.5 0.382 0.455 0.402 0.466 0.400 0.4483 -V 0.5 0.84 087 0.84 087 084 0.86 0.88
" 1.0 0.743 0.901 0.782 0.917 0.780 0.876 ~ 1.0 087 091 0.88 091 0.88 0.90 0.93
15 1.109 1.360 1.168 1.378 1.169 1.317 ” 15 0.89 094 090 094 090 0.93 0.95
V—-K 05 288 299 291 3.00 291 297 3.03
" 1.0 3.02 3.15 3.05 316 3.05 3.13 3.22
: . " 15 3.10 325 3.13 325 314 322 331
2(E) = [;? Z¢(Z, E)dZ for Models E and F, withZ, and
Z5 depending orF (Sect.2.2) and(Z, F) as in Eq. (6). The
first row in Table 1 lists theZ,,, values as obtained with(E)
from Eq. (3). The same table also shows the global luminosity-
weighted abundances Sect. 4.3). The table also lists the colour indices (obtained by
i interpolation, when necessary, from B89) of Single Stellar Pop-
v = fo Cv (E)ds(E) ulations (hereafter SSPs) which have the same age (15 Gyr) of
J‘O% Iy (E)ds(E) Models A to F, and metallicitiesssp equal to our adopted

] Z values. The table shows that such SSPs are always redder
where s(E) is from Eq.(3), and(y (E) andly (E) are de- than Models A to F with the maximum differences of about 0.2
fined below. TheZ-dependentl” luminosities Ly (Z) (Pef maginU — V andV — K, and 0.06 mag irB — V. There-
unit mass of the stellar component) are taken from the S\@re, the colour indices of A to F can only be matched by SSPs
thetic single-burst models by Buzzoni (1989, 1995, hereafigyip, Zssp lower thanZ,,,. For instance, the choice = 2.35
B89, BY5) for an age of5 Gyr, a red-horizontal-branch mor-gnq 7~ — Z corresponds t&ssp ~ 0.5Z in A, C, and E,

phology, a mass-loss parameter= 0.3, and IMF-mass ex- 7 .. ~ (.77, in F, andZssp ~ 0.8Z in B and D.
ponentsz = 1.35, 2.35, and 3.35 for the stellar masses

0.1Mg,. The quantitie$y (F) and¢y (E) are defined as follows:
lv(E) = Lv[Z(E)] = Lv(E) and(v(E) = Z(E)Lv(E)
in Models A to D, andy (E) = [;* Lv(Z)¢(Z, E)dZ and

Cv(E) = Z5 ZLyv(2)é(Z, E)dZ in Models E and F. Table 1 In this section we present the radial profiles of the projected
=/, \ :

. 2 metal abundance, along lines of sight at the projected distance
ivesZy forthevaluesZ,, /Z5=0.5, 1, and 1.5, and the Salpeter : . .
g]ass e‘;ponem _ 935, T/heGZV values forr — 1.35 and 325 R, weighted by the mass and the luminodity, together with

are within 3% of the values obtained fore= 2.35. Table 1 shows tvhip}r(ol_f_ﬁfg g{;?ilt?jtgrfgzrceogolgg Iensdtlicrf;t_ec‘i/fo? tﬁe‘g,t:rr;dseen
thatZy is 7%to 26% lower thai,,, when0.5 < Z,,/Zo < 1.5 .

and1.35 < o < 3.35. tlgrough a unit surface at the distandes= 0.2R,, 0.5R,., and
Finally, the global colourindiceS —V, B—V, andV’ — K, Moreover, we evaluate th& distributions of the stars
defined as . oo
seen through circular apertures (concentric with respect to the
fd‘”” ly(F)ds(E) galaxy) with projected radi.2R., 0.5R., andR.. Finally, the
Yo 1 Al metallicities weighted by mass and by the luminodity, and
fo v (E)ds(E) the colour indiced/ — V, B — V, andV — K are computed
and the corresponding quantities f8r— V andV — K, are for the regions within circular concentric apertures with radii
computed with theZ-dependent luminositiesy; (Z), Lg(Z), 0.2R. and R.. We shall uses(E) from Eq. (3), the synthetic
Ly (Z),andLg (Z) (intheU, B,V,andK bands, respectively), photometric data from B89 and B95 as specified in Sect. 2.3,
which are taken from B89 and B95 (as specified above fovtheand the functions(E), ¢y (F), iv (E), and the corresponding
luminosities; thé/ luminosities in B89 are corrected accordin@nes in the other photometric bands, as defined in Sect. 2.3.
to the recipe given in B95). The quantitigs(E), Iz (FE), and
Ik (E) are evaluated as described above{diF); the adopted
solar values ar¢U — V)5 = 0.79, (B — V)5 = 0.63, and
(V — K)g = 1.44, as in B89 and B95. We denote by, (E, R) the cumulative mass of the stars, seen
The colour indices are given in Table 2, witiF) from along the line of sight at the projected radiiswith binding
Eq.(3) and forZ,,/Z-=0.5, 1.0, and 1.5, and = 2.35. energies not larger thafi, and normalized te,[¢/(R), R] = 1
They will be compared with observed quantities in Fig. 8 (sé€see the Appendix A).

3. The projected quantities

U-V=(U-V)s—25log

3.1. The radial profiles of metallicity and colour indices
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I
Zm,p(R)/Alog R in the regions within and outside. for the listed 9P

models (Sect. 3.1)

Table 3. Mean values of the logarithmic gradienta log Zinp "' ' '

R/R. A B C D E F 0

1 —0.454 -0.349 -0.417 -0.210 -0.133 -0.169
1 —0.850 —-0.245 -0.844 -0.422 —-0.349 -0.374

<
>

-0.5

Moreover, one has the surface brightness profile inithe
band

-10

P(R)
Iv(R) = py(R) / v (E)ds,(E. R) . @)

the projected abundances weighted by mass
W(R) Fig. 3. The radial profiles of the projected mass-weighted abundances
Zpmp(R) = / 2(E)ds,(E, R) , Zm,p(R) for z = 2.35 and the labelled models. The downward arrows
’ 0 show the displacements 8%/, (R) with respect td,,.,(R) in Models
E and F. The observational relatiafis, , (R) o< (R/R.) ™ oroc vl*”
are shown in arbitrary units as dotted or dashed curves, respectively
(Sect.3.1)

and by thel” luminosity

_ pp(R)
Iv(R)

Y(R)
Zyp(R) /0 Cv(E)dsy(E, R),

support, however) and, for graphical clarity, are shifted verti-

wherep, (R) is as in Eq. (1). cally by arbitrary amounts. They also suffer from the uncer-

The radial profiles o¥,,, ,(R) are plotted in Fig. 3 for all tainties mentioned in the following Sect. 4.2. Fig. 3 shows that,
the models studied. With respect 6, ,(R) the profiles of jn the region WithR < R, the curves for A to C have a mean

Zv(R), computed withp = Z, turn out to be shifted down- | : _
' . opeAlogZ,, ,(R)/AlogR fairly close to that of R/R.)~“,
0 0, — ’
yvards by only 1% tq 4% n A tq D .(SO that .the .CorreSponO\fvhereas the curves for D to F have a flatter behaviour, similar
ing curves are practically indistinguishable in Fig.3) and b&/) that ofv47(R)
T ; - e '
irrgg:gtrsagndelcs:a:‘i?nbz):)srg[v:;efzrerieeﬂg fz;gl %f{sglognﬂ de It appears from Table 3 that there is a fair correlation be-
g 0 ' tween the mean metallicity gradients withity and the mean

is 7% from the center toOR,. in F. . .
The mean values of the logarithmic radial gradienstIOpes of functionsZ(E) or Z>(E) in the rang&(0, v,), the

; ) ) ... neighbourhoods of zero ang, being excluded (see also CSB).
AlogZ,, ,(R)/IAlogR are listed in Table 3 for the regions within :
and outsideR.. The gradient of logy,,(R) coincides practi- For example, the mean slope () is roughly halved when

. going from C to D, and the same occurs for the corresponding
cally with that of log,., (1), except for E, where the MeaN hean logarithmic gradient o,,, ,(R). Obviously, this point

values are-0.116 and-0.325 for the regions within and OlJt'is worthy of a further investigation with a larger set of func-

side R., respectively. )
Fig.3 shows the relatiorZy,(R)/Zs < (R/R.)™%, tlonSZ(.E)’ZI(E)’ZQ(E)’and(ﬁ(Z’ E).' Moreover, the abqve
’ correlations may be useful in modelling the afore-mentioned
where o = 4/ = 0.32 follows from the mean'slope functions in order to reproduce a given mean metallicity gradi-
dMgo/dlog(R/R.) = —§ = —0.059 found by Davies et ent within R

?I' _(1993) for g R in a sample of normal and giant el- Finally, the projected profiles of the colour indices are eval-
lipticals (see also Carollo et al. 1993), and from an averaggieq according to

~v ~ 0.183 of dMg2/d[Fe/H] as provided by the synthetic
single-burst models by Worthey (1994) for an age of 15 Gyg; V)p=(U=V)s —25 logIU(R) ’
a Salpeter IMF, and a solar relative elemental abundance dis- P Iv(R)

tribution. The data dispersion @f0.022 in ¢ results in a dis- and the corresponding quantities td — V), and(V — K),,
persion of+0.12 i?4o74. Finally, Fig. 3 also shows the relationyhere the surface brightness profileg R), I5(R), andl x (R)
Zvp(R)[Ze o v, (R), wherev,(R) is the local (i.e. for iy the 7, B, and K bands, respectively, are defined by equa-
r = R) escape velocity in the H model, which stems from gons analogous to Eq. (7). The colour profiles, computed with
correlqnon between/g, andv.(R), first proposed by Franx = _ Zs andz = 2.35, are plotted in Fig. 4a—c; the mean
and lllingworth (1990). The exponent47(= [3/v) follows  yqjyes of the radial gradients;_y = A(U — V),/AlogR,
from an averagey ~ 0.27 of dMg,/dlogu., as can be de- A, |, — A(B — V),/AlogR, and Ay_x = A(V —
rived from Davies et al. (1993, their Fig. 11a) for the regiof) /AlogR are listed in Table 4. In particular, the table shows
with RS,RQ Both relatlonSZV»P(R)/ZQ X (R/Rﬁ)ia and that AV—K ~ AU—V and Ay_g ~ (3 - 4)AB—V inside

o v147(R) are extended beyong, (without observational R., whereasAy _r ~ (1.45 + 1.9)Ay_y and Ay_x =~
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Fig. 4a—c.Theradial profiles of the colour indicé¥ — K ), (U —V)y,

and(B —V),, with Z,,, = Z5 andz = 2.35, for the labelled models;

A overlaps C (Sect. 3.1)

Table 4. Mean values of the colour gradientsy_y =

AU —

V)p/AlogR, Ag_v = A(B—V),/AlogR, andAy _x = A(V —

K),/AlogR in the regions within and outside. for the listed models

(Sect.3.1)

R/R. Colour gradients A B C D E F

<1 Avy_v —0.28 —0.18 —0.27 —0.14 —0.05 —-0.10
? Ap_v —0.08 —0.05 —0.08 —0.03 —0.02 —0.03
Ay_xk —0.26 —0.18 —0.26 —0.14 —0.06 —-0.11

>1 Aypy-v —0.30 —0.08 —0.30 —0.15 —0.10 —0.14
” Ap_vy —0.11 -0.04 —0.11 —-0.06 —0.04 —0.05

? Ay _k —0.45 -0.15 -0.45 -0.24 —-0.15 -0.21

(3.85 + 4.45)Ap_y outsideR.. Such colour gradients agre
rather well with those measured (insiée) in a sample of 12
ellipticals by Peletier et al. (1990, see their Table 4 and Fig. 10g

c).

3.2. TheZ distribution in projection

Z
The binding energies of the stars, seen along the line of sight at

the projectedradiuB, areintherange < F < E,,4. = ¥(R)
and the corresponding metal abundances in the rahgg <

7 < Zmaz, Where, according to the assumptions in Sect. 2

Zmin = 0in allthe models, and,,,... = Z(E 4. for Models

Ato D, or Z,,40 = Zo(E ) for Models E and F. Moreover,

725

Sect. 3.1, but now with the abundances not larger thaand
normalizedtol all = Z,,,..

In Ato D the one-to-one functiod = Z(E) can be inverted
to yield E = E(Z) for any givenZ < Z,,,,. One has

E(2)
sp(Z,R) = /0 ds,(E, R) .

For the remaining two Models E and F one has
sp(Z,R) = /0 N(Z,E)ds,(E,R) ,

where N(Z, E) is as in Eq. (5),E* = ¢(R) in Model E and
E* =min[E(Z),y(R)] in Model F, E4(Z) being the inverse
function of Z; (E) (see the Appendix C).

3.3. Projection through circular apertures

We denote by, (E, R) the cumulative mass of the stars, seen
through a circular concentric (with respect to the galaxy) aper-
ture corresponding to the projected radiisnd with binding
energies not larger thafi, and normalized t@,,(v,, R) = 1
(see the Appendix B).

Moreover, one has the cumulative surface brightness in the
V band

Yo
By(R) = pay(R) / v (E)dsap(E, R)

and the corresponding expressions 8 (R), Bg(R), and
Bk (R) intheU, B, andK bands, respectively; the projected
abundances weighted by mass

%o
Zm,ap(R) :/0 z2(E)dsqp(E, R) ,

and by thel” luminosity

_ Pap(R)
By (R) Jo

wherep,,(R) is as in Eq. (2), as well as the integrated colour
index

o
CV(E)dSGP(Ea R) )

ZV@p(R)

By(R)

(U=V)ep=U-=-V)g—25 long(R) ,

€and the corresponding quantities f@ — V),, and(V — K ) 4.

We also denote by,,(Z, R) the cumulative mass of the
rs, seenthrough a circular concentric aperture of rdtliasd
with abundances notlargerthanTheZ values are in the whole
range(07Zmaw) with Zmaz = Z(wo) or Z2(wa) (depending
on the model considered) arg,(Z, R) is normalized to 1 at
= Zmaz- It turns out that

E(Z)
sup(Z, R) = / dsay(E, R)
0

'%’Models Ato D, and

we denote bys,(Z, R) the analogue of,(E, R) defined in sap(Z, R) :/o N(Z, E)dsap(E, R)
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Table 5. Mass-weighted metal abundances through circular concentric (to the galaxy) apertures with tw® fadihe listed models.
Zm,ap(R)/Zc is given for assumed global values@f, (Sect. 3.3)

Mean metallicity R/R. Zm/Zo A B C D E F

Zm.ap(R)/p 0.2 - 2777 2219 1755 2.263 0.729 1.034
” 1.0 - 1.649 1.395 1.190 1.839 0.641 0.876

Zmap(R)/Zs 0.2 0.5 1.389 1110 1.170 0.829 0.721 0.770
, , 1.0 2777 2219 2340 1.657 1.443 1540
" " 1.5 4166 3.329 3510 2486 2.164 2.309
" 1.0 0.5 0.825 0.698 0.793 0.674 0.634 0.652
, ” 1.0 1.649 1.395 1.586 1.348 1.269 1.305
" " 1.5 2474 2.093 2379 2021 1903 1.957

Table 6. Integrated colour indices through a circular concentric (tg)ap
the galaxy) aperture with radiug. for the listed models, with IMF
exponentr = 2.35 and adopted global values &f,, (Sect. 3.3) 08

Index Zm/Zs A B C D E F

u-v 05 130 129 131 130 118 1.27 0.4
” 1.0 145 145 147 146 130 141
! 15 156 155 158 157 139 152
B-V 05 090 089 090 090 0.86 0.89 0
? 1.0 094 094 094 094 090 0.93
? 15 097 097 097 097 092 0.96
0.8
V-K 05 3.10 3.09 311 310 297 3.06
? 1.0 3.26 325 327 328 311 3.22
! 15 334 334 335 336 320 331

04

in Models E and F, withV(Z, E) as in Eq. (5),E* = v, in
Model E andE* =min[E;(Z),,] in Model F (see the Ap-
pendix C).

The mass-weighted abundanégs ., (R) for the central re-
gions seen through circular concentric apertures of a2, 08
and R, are listed in Table 5. For ease of comparison with ob-
servational data (see Sects. 4.2 and 4.3), the table also gives|
Zm.ap(R) When the values.5Z, Z, andl.5Z are adopted 4, |
for the mass-weighted abundangg of the whole galaxy.

The cumulative masses,,(Z, R), with aperture radii
0.2R., 0.5R., and R., are shown in Fig.5a—c, and the cor-
responding frequency histograms are displayed in Fig. 6a—f fof A .
aperture radib.2 R, andR,; they will be discussed in Sect. 4.1. Iog%

Finally, the integrated colour indicé&s — V'), (B—V ) 4p,
and(V — K),, of the central region within a circular aperturdig- 5a—c.The cumulative masses,,(Z, R) of the stars seen through
of radiusR., computed withz: = 2.35 and the adopted global circular concentric (to the galaxy) apertures of rad¥R., 0.5 R., and
ValueSZm/Z@ —0.5, 1, and 1.5 for the whole galaxy, are Iistecﬁze (panelsato c) versus log/p for the labelled models (Sect. 3.3)
in Table 6. They will be compared with observed data in Fig. 8
and will be discussed in Sect. 4.3.

0

Iy (R) and an assumedy ,(R) profile, taken by them to be

. . representative of the metallicity gradients measured in ellipti-
3.4. Comparison with CSB cals. When dealing with a one-valugd— E relation, one has
We now compare our approach with that adopted by CSB, wie(E) /I (E) = Z(E) (see Sect.2.3). In the case of &k
applied a well-known inversion procedure to obtain the quadependen spectrum, however, their procedure does not give
tities ¢y (F) andly (E) from the R'/*-law brightness profile explicitely theZ spectrumy(Z, E).
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4.1. The G-dwarf problem

Because of the lack of a precise definition, in quantitative terms,
for the G-dwarf problem in ellipticals, we proceed as follows.
Firstly, we consider the ultraviolet spectra referred to in Sect. 1,
coming mostly, but not exclusively, from the nuclear regions
i (see e.g. Dorman et al. 1995 and references therein), as be-
e T d M 71 ing representative of the projected region insitle Secondly,
- + 4 from the results by TCBF (see e.g. their Figs.13 and 18) we
0.4} + 4 infer that the flux excess in the spectral region 2000 to 500
can be removed in the galactic models when the percentage
1 of stars withZ < 0.5Z does not exceed 10%. Failing secure
information to the contrary, we shall consider the G-dwarf prob-
lem with reference to the specific metallicitys Z . Therefore,
we assume, by analogy with the solar neighbourhood (Pagel
1989 and 1997, Wyse and Gilmore 1995, Rocha-Pinto and
Maciel 1996), that a given model presents a global G-dwarf
problem if s(0.5Z5) > 0.1, and a local G-dwarf problem if
$p(0.5Z5, R) > 0.10r5,,(0.5Z5, R) > 0.1for R < R..
7 We first consider the global G-dwarf problem. One finds
4 that the conditiors(0.5Z¢) < 0.1 required in order to avoid
4 the global G-dwarf problem is met by A fer> 4.7Z,, C for
L p > 6.1Zy, Band D forp > Zg, E forp > 8Z5, and F for

08 p > 257,. The same requirement would also imply it
has the following lower boundst.7Z,, Zg, 4.4Z, 1.3Z),

Fig. 6a—f. The frequency histogram& N/N; of logZ/p for the stars ?'OZ@_Il et)r:dliGBZd@;pr A]\-tc')A\F, n ;hat ?rder’ as f[;an tt.)e Otbtalnedh
seen through circular concentric (to the galaxy) apertures ofir2dii. rom lable 1 and Fig. 1. According {o current esimates, suc

andR. (solid and dashed curves, respectively) for the Models A to IZ,m values are ex?eeding'y Iargg i.n A, C, and E, whereas they
which label the panels (Sect. 3.3) seem acceptable in all the remaining models.

Our adopted definition of the global G-dwarf problem im-
plies thatZ,,, > 0.5Zy, with the lower limit for an almost

In the present paper a reverse approach is adopted, i_e.rngometallic elliptical. Therefore,_one can try to further di-
startfrom a set of — E relations and then compute, besides tH8!Nish the above lower bounds &, in the favourable Models
profilesly (R) andZy.,(R) considered by CSB, a certain num®B: D,.a.md F by changing the_free parameters_ while keeping the
ber of further observable quantities, such as those discussea%)d't'onS(_0'5Z®)_ < 01 Itis fgund that an Increase oty
far and the profiles of several spectral indices to be presented[iylodel Bis practically ineffective, whereas a loweringd,

a forthcoming paper. A comparison of the computed quantitisP0Ssible in generalized versions of Models D and F. Indeed,
with those measured in ellipticals can give some indications B} @doptingn = 10 in Eq. (4), the generalized D model has
the metallicity distributionsZ (E) or ¢(Z, E). Z, lowered t00.59Z . Similarly, generalized F models lower

Moreover, no attemptis made here to link the adopteds  Zm 10 1.1Z¢ for n = 10 whenh, = 0.5, or from 1.43Z, for
relations to conceivable scenarios of galaxy formation. How- = 210 0.8Z for n = 10 whenh, = 1. Clearly, the func- ,
ever, theZ (E) obtained by CSB for the dissipative scenario ilONSZ(E), Z1(E), andZ,(£) become steeper and steeper in

very close to our Model D and has a very similar behaviodf'® N€ighbourhood of? = 0 for increasing values o, but
Finally, Models C and D have a quasi-lineatE) in a wide also flatter and flatter for larger values Bf The above discus-

range of E values, and their slopes correlate fairly well wit$1on SUggests that, in order to avoid the global G-dwarf problem

that of Zy,(R), as reported by CSB. without resorting to exceedingly largeand Z,,, values, a very
P steep behaviour of (E), Z1(E), and Z»(E), like that shown

by B, would be required in a neighbourhood®f= 0.
4. Further comparisons with observations We now consider the local G-dwarf problem and refer to
. i Fig. 5a—c. For the sake of simplicity, we first assuthe = Z5
InSect. 3.1we have fou_nd t_hatthe radial profile of the abundange .| the models studied, thus implying thataries by a factor
Zyp(R) and the colour indice) —V),, (B —V),, and(V — = ¢5 7in the range0.76.2,,,, 2.04Z,, ). One finds that all models,

K), compare rather well with those observed in ellipticals. 'E‘xcept E, can avoid the local G-dwarf problem since they meet
this section we carry on the comparison with observed d"’btath conditionss, (0.5Z, R) < 0.1 andsa,(0.5Z, R) < 0.1
p\M- ) . ap\Y- 5 .

and consider more directly the G-dwarf problem, the ultraviolﬁ;r R < R..In summary, there is no local G-dwarf prob-

(UV) excess, and the inte_grate_d polour ino_licﬁé]s— V)_and lem when Z,, > Zo, except for E. ForZ,, < Z (but
(V — K) of the central region within the projected radilis.

T

]

T
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02
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> 0.5Z¢) there is only a minor difficulty for Model C when 55/
Zn < 0.75Z; a more serious difficulty is encountered by *®
Model F, which can, however, be easily overcome in general-
ized versions of F, by increasing the parametgrand/orn.

In conclusion, a model of an elliptical galaxy may present:
i) neither a global, nor a local G-dwarf problem (e.g. B, D, and
F); ii) a global G-dwarf problem but not a local one (e.g. A and
C); iii) both a global and a local G-dwarf problem (e.g. E).

By adopting the more favourable valuesAf, found above
for removing the local G-dwarf problem, we shall consider all
the frequency histograms in Fig. 6a—f, except those referring to
E. The histograms, all without lov#- star excesses, show that
the Z distributions may differ from each other with respect to
the peak values, the narrownesses ofAhdistributions around
the peak values, and the shapes of the low- or ghil. Such
differences are expected to have some consequences on the in-
tegrated spectrum. In particular, the shape and extension of the
high-Z tail may be relevant to the rising branch of the UV spec- 3
trum (below 200Q) of elliptical galaxies (see TCBF), as sug-
gested by the observed correlation between the-Ubptical
colour index(1550 — V) and the spectral indeX/ g-. 4

4.2. The UV excess

In order to compare our model predictions with the observed
(1550 — V') — M g, relation as given by Burnstein et al. (1988, 016 022 028 034
hereafter B3FL; see also Dorman et al. 1995), we compute both Mg,

indices(lSBQ = Vap and(M_g)aP for the central region _seenFig. 7a and b.The integrated colour indefd 550 — V'), versus the
through a circular concentric aperture of radiusR., which integrated absorption-line ind€X/ g )., through a circular concen-

turns out to be a fair approximation to the physical sizes of th& aperture of).2R. radius, for the labelled models at the ages of 11.5
central regions observed by B3FL. The SSP indi¢é5{— V)  Gyr (panel) and 15 Gyr (pands). The tick marks indicate decreasing
andM g9, both forz = 2.35, are taken from TCBF and Bressarvalues (from right to left) ofZ,,, with steps 0f0.25Z, starting from

et al. (1996), respectively (note, however, that we useZfer Z,./Z5=1.25, 1.5, 1.5, 2.25, 1.75, and 1.5 for Models A to F, in that
0.1 and 15 Gyr, the SSP data far= 0.1 and 13 Gyr). For each order. The galaxy data (filled circles) and error bars are from B3FL.
SSP with the abundancg we derive, by adopting the sameThe insets show the SSP valueg 350 — V) andM g2, from TCBF
calibration as in B3FL, the mean fluxés (Z) andFy (Z) per a_m_d Bressan et al. (1996), for the IMF slope2.35. The model metal-.
unit mass of the stellar component in the 1250-1,&5@gi0n licity Z.,ap(0.2R.) decreases, along each model sequence, from right
and théV” band, respectively. The integrated index50—V"),,, to left (Sect. 4.2)

is

The results are shown in Fig. 7a and b together with the

(1550 - V), = 2.5 logfo ° fuv(E)dsa,(E, R) galaxy data from B3FL, for the age of 11.5 Gyr (Feast and
ap — . ) i

fo * fy(E)dsap(E, R) Catchpole 1997, Gratton et al. 1997) in panel a, and 15 Gyr

in panel b. In each panel, the inset shows the SSP values of

where fyv (E) and fy (E) are related tdFyy (Z) and Fy (Z) Mg, and (1550 — V') for the in_dicated ages. _The abundances
as, e.g.lv (E) is related taLy (Z) (see Sect. 2.3). Zm,ap(0.2R.)/Z, corresponding to the starting valuesty,

For the integrated inde§\/ g2)., we follow the same pro- listed in the caption of Fig. 7a and b, can be inferred from Ta-
cedure as that adopted by Greggio (1997). Therefore, for e&ifS 1 and 5; they are 3.1, 3.0, 3.5, 3.7, 2.5, and 2.3 for Models

SSP with the abundancg, we evaluate the quantities, per uni* 1© F» in that order.
mass of the stellar componedit,(Z) = 10-0-4(Mg:~5Cv) ang At both ages,(Mgz)., does not enter the range0.34

Fy(Z) = 10%4BCv 'whereBCy is the bolometric correction (Model D barely reaches 0.355 at 15 Gyr) whichis typical for the
to theV-band magnitude, and the related quantifig?) and  Strongest UV sources. Our model values fg2 ), is always

f2(E), thus obtaining lower by at least 0.02 mag (depending on the metallicity disper-
sion) than the SSP indek/ g, with Zssp = Z,, 4p(0.2R,)
i (see Greggio 1997). Moreover, the SSP values\bf, for

(Mgs)ap = —2.5 logfo f1(E)dsap(E, R) Zssp = 0.05 and 0.1 are equal to 0.346 and 0.314 at 11.5

fowo f2(E)dsq,(E, R) ' Gyr, and 0.355 and 0.359 at 15 Gyr, respectively. Therefore, in
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Fig. 8. The galaxy data (filled cir-
cles) and error bars are from Bower
etal. (1992). Symbols arepen cir-
clesfor a 15 Gyr old Model A with
an IMF slopex = 2.35, SSP pho-
tometric data from B89-95, for the
whole galaxy (index 0), the regions
projected withinR. (index 1), and
0.2R. (index 2); open diamonds
as for the open circles, but with
x = 3.35; open (filled) triangles
for a 11.5 Gyr (15 Gyr) old Model
A with z = 2.35, SSP photometric
data from TCBF, and for the region
projected withinR.; open (filled)
squaresas for the open (filled) trian-
gles, but for Model D. In each triad
with the same symbols, the bottom-
middle-upper locations correspond
t0Z/Z»=0.5,1.0,and 1.5, respec-
tively. The curves give the SSP se-
quences from B89-95 and TCBF for
the x and age values as indicated;
the tick marks correspond to log
Zssp/Zs = —0.3,0,and 0.3 from
left to right in that order (Sect. 4.3)

order to account for observations (TCBF, Greggio 1997, Weigaucouleurs-like profile. Strong UV colour gradients are also
et al. 1995), a supersolar Mg/Fe ratio seems to be requiredbserved in some ellipticals (O’Connell et al. 1992). These data
the age of 11.5 Gyr, and also at 15 Gyr for the models other thewuld provide a more stringent constraint (not exploited here) to
D, unless only stars witt > 0.05 are present in the galaxyshape the&Z (E) relation. In particular, the higi-tail of Z(E),
nuclei with the strongest UV emission. Model E appears to be. for £ in a suitable neighbourhood ¢f,, is expected to have
inconsistent with observations, unless a supersolar Mg/Fe raimajor impact on the UV colour gradients.

is invoked so as to increasd g, by 0.1 mag.

The plateau af1550 — V)., ~ 5.7 in Fig. 7a would be o s
shifted upwards to the observed level by adding about 3% of t?fes' Colour indices withirf,
stars withZ > 0.05, i.e. a slightly more extended highitail Fig. 8 gives the colour indice§ — V andV — K (and their
would be sufficientto fit observations; a roughly similar additioastimated mean errors) as measured by Bower et al. (1992) in a
is also required for better fitting galaxy data witk: (1550 — sample of 40 Virgo and Coma ellipticals with aperture radii of
V)ap <4 in Fig. 7h. ~ 30" and5” .5 respectively, corresponding to the average phys-

Obviously, all above considerations depend on the TCé?—al radiusR, (with the standard deviation @L64F,) for the

aporoach to the UV upturn in ellioticals (fully detailed in Bres§ampled ellipticals in both clusters. Fig. 8 also shows the colour
PP P P (fully ices of our Model A, forr = 2.35 and 3.35, at 15 Gyr,

san et al. 1994, see also Greggio and Renzini 1990, Dorrﬂﬁﬂd torring to the whol | dt . iand
et al. 1995) and on the evolutionary tracks, model atmosphet%'g, referring to the whole galaxy and to aperture réidian

and spectral library used by the authors (see Charlot et al. 19596 R, with some of the corresponding mean metallicities given

Moreover, nothing can be said about model results wither in“Tables 1 and 5. It turns out that A follows fairly closely the
than 2‘35,’ owing to the lack of corresponding SSP data. B89-95 SSP sequences (displayed in Fig. 8) with the same input

As a concluding remark, it should be noted that the og-,s and ages, althoughssp can differ appreciably from our

served UV fluxes in ellipticals are spatially extended (Oke gyean metallicities at the same positions in Fig. 8 (see Sect. 2.3).

; : For a further comparison with galaxy data, the colour indices
al. 1981, Dorman et al. 1995 and references therein) with a de .
) gf Models A and D are computed using SSP data from TCBF
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with theiradoptedU — V), = 0.79and(V — K)o = 1.51,and easily constrained to fit the observdd — V') — (V — K) and

for z = 2.35, ages of 11.5 and 15 Gyr, and aperture radtus (1550 — V') — M g- correlations for the regions projected inside
They are displayed in Fig. 8 together with the correspondiig, and0.2R., respectively.

SSP sequences by TCBF. It turns out that models containing As far as the global G-dwarf problem is concerned, we
a proper percentage of stars with> 0.05 (e.g. Model A at find that Model B can solve it fo¥,, > Zs, Model D for
Zm = 1.5Z) can deviate considerably from the corresponding > 1.3Z, and Model F (with arZ-dependent spectrum) for
SSP sequences, owing to the marked decrease df thel’ 7 >1.63Z. A further lowering ofZ,, (> 0.5Z) is possible

colour atZssp > 0.05 with respect to the general behavioufn generalized versions of Models D and F by increasing the
for Zssp < 0.05. parameters, and/orh; (see Sect. 4.1).

Taking into account the well-known uncertainties inthe SSP \we emphasize that, in order to match observational evi-
spectral evolution modelling (Charlot et al. 1996), B89-95 anfknces for ellipticals, the G-dwarf problem and the central UV
TCBF appear to reproduce fairly well the observed two-cologkcess have to be considered properly together with the usual
slope of galaxy data. However, a conceivable spread of theutallicity and colour profiles withitR,.. In particular, we point
IMF slopes in ellipticals (Angeletti and Giannone 1997) woulgyt that a specific rising ¢ (E), in a neighbourhood of = 0,
be accounted for by the TCBF sequences, but would not f¥expected to solve the global G-dwarf problem (and almost cer-
those in B89-95, whose sequence with= 3.35 is well out-  tainly also the local one), in a similar way as the BAM actually
side the domain of the two-colour data. Moreover, Model Ajoes. Moreover, the observed UV fluxes and their gradients can
with an apertureR. and an age of 11.5 Gyr, would suggesge used to shape precisely the hightail of Z(E) in a con-
the ranged).5< Z,,/Zo <1 and 0.8 < Zy, ap(Re)/Zo < 1.6 venient neighbourhood af,. Finally, the familiar metallicity
for the galaxy data according to TCBF; whereas the samemdients (withinR.) are helpful to modef (E) in an interme-
model, with an aperture radiuB., x = 2.35, and an age diate range ofZ values between zero ang,.
of 15 Gyr would give the range8.5 < Z,,/Z, < 1.5 and We confirm previous findings (Worthey et al. 1996, Greggio
0.8 < Zum,ap(Re)/Ze < 2.4 after B89-95. 1997) that, owing to the dispersion in real ellipticals, the SSP

Our models with: — 2.35 not explicitely mentioned above colours and spectral indices cannot be used directly to infer the
and all our models with: _ 1.35, are located very close to th(’emean metallicities. We find that the mean metallicities, derived

displayed model sequence with= 2.35: for reasons of clarity fro;n th% SSP”S V‘,"thl the sag1e co(;ours gnd szebctral "M@)‘;
they are omitted in Fig.8. Moreover, it should be noted thf foundin e Ipticals, can be underestimated by up to a factor
Buzzoni's data foZggp = 0.1 and ages other than 15 Gyr aré' <

not available, and that the TCBF data fo§sp = 0.1 at 15 Gyr (\lee sudmmarize Ol;J_r main relsu_lts as f_OLIOWZ: i)_ vr\]/e use the H
are extrapolated from those in the range 11 to 13 Gyr. model and some probirig( £) relations, with and without af*-
dependentZ spectrum, in order to investigate the chemical struc-

ture of ellipticals; ii) we indicate a few simpl&(E) relations
that solve the local and/or global G-dwarf problem and agree, at
the same time, with the observed radial colours and metallicity
In this paper we address the metallicity distribution and the @rofiles, and th¢U — V') — (V' — K) and(1550 — V) — M g,
dwarf problem in elliptical galaxies with the aid of the analyticatorrelations; iii) we envisage an operational procedure in order
H model. We use a few simplé — F relations represented byto formulate a2 — F relation that avoids the G-dwarf problem
single-valued functionsZ(E) or E-dependentZ spectra for and matches the observed correlations in item ii; iv) we confirm
each value of the binding energy in the rari@ey, ). The aim that the mean metallicities, as derived directly from the SSP
of our appoach is to gain some preliminary insights on how tmlours and spectral indices, can be underestimated by up to a
formulate a realistic stellaZ distribution that solves the local factor of 2.

and/or the global G-dwarf problem and agrees, at the same time,

with all major observational findings. Among the observation&cknowledgementsiVe thank M. Friedjung for the english revision
results we consider the metallicity and colour radial gradierftsthe first version of the paper and an anonymous referee for useful
together with theU — V) — (V — K) and (1550 — V) — Suggestions.

M g- correlations. The basic photometric ingredients are taken

from the SSP data, available in the literature, that contain alhpendix A: evaluation of sp(E, R)

the necessary information together with an adequate grid of . ] ]
metallicities (up taZ = 0.1) and IMF slopes. In order to derives, (£, R) we first evaluate the cumulative

Our models, except E, can easily solve the local G-dwdRass density, (£, R) of the stars, seen along the line of sight
problem whenZ,, > Z. with a minor difficulty for Model F at the projected radiu®, with binding energies not larger
whenZ,, < Z, which can be easily overcome (Sect. 4.1). THEan E. It is o, (E, R) = 2 [ o(E,7)(r? — R?)~Y?rdr,
present models can reproduce fairly well the observed met&here o(E,r) is the mass density of the stars that, at any
licity and colour gradients (withink.). Taking into account location r, have binding energies not larger th@ From
the existing uncertainties in the SSP modelling and the likelge relationp(r) = 4 fod’(r) f(E)\/2[(r) — E]dr, one has:
a-elements enhancement, our models (except E) can alsoof&, r) = p(r) in the range'(E) < r < +o0 ando(E, 1) =

5. Discussion and conclusions
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dm [V F(ENV2[(r) — E'JdE' intherangeR < r < 7(E), , [~=——= === === == == = = = =
wherer(FE) is the maximum distance to which a star with bind- ! )
ing energyF’ can penetrate. By changing the order of integratio@() :
it follows that
5 2 e il <
nu(BR) = [ FENIE RE, (A1)
0
where Z,(E)
r(E) [9 v(r)— E Z|---=-- ARATATAS
J(E, R) = 871'/ %Tdr . (A2) .\\‘:\‘:\ Ny :
R AN\ |
The binding energies of the stars seen in projectiof at |
range from zero ta)(R), so thato,[¢(R), R] = p,(R), with N I
pp(R) asin Eq. (1) and,(E, R) = o, (E, R)/pp(R). !
!
Appendix B: evaluation of s, (E, R) :
1

In order to derives,,(E, R) we first evaluate the cumulative ¢
surface mass density,,,(E, R) = 2 [ o,(E, R')R'dR’ of 0 e E —  F
the stars, seen through a circular concentric (with respect to
galaxy) aperture corresponding to the projected radiwend so(Z, R), andsa,(Z, R), in the casesZ < Z,(E) andZ > Z:(E)

with binding energies not larger thati. From Egs. (A1) and (yotted and dashed areas, respectively). For Model E the dashed area
(A2) one has is further enlarged by setting; (E) = 0

H?S. 9. Domains of integration for Model F, when deriving Z),

E R
_ / 1 N ! ! 1
Hap(E, R) = 277/0 f(E )/0 J(E, R)RdRdE". sp(Z, R). We denote byE* the maximum energy of a star

R with a given abundancgin I;. In Model E, whereZ, (E) = 0,
Itresultsthafnr fO J(E, R)R'dR'isequalty(E)—-H(E,R) one hast* = E,,.. (see Fig. 9). In Model F, witlZ, (E) # 0,

for E < +(R), and tog(E) for £ > ¢(R), where one finds:E* = E,(Z), E1(Z) being the inverse function of
(B) Z1(E), whenZ < Zi(Epaz), andE* = E,,q., WhenZ >
H(E,R) = 167° / V2[4 (r) — E](r2 — R2)rdr . Z1(Emaz)- , .
R Letus denote, asin Eq. (5), By(Z, F) the fractional num-
One finally obtains ber of the stars and remnants with a given enér@y. £*) and

abundances not larger thah It turns out from Fig. 9 that

E
wn(E,R) = E"g(EdE'— z*
o B.R) = [ 5(Eg() N
Z1(E)
/ f(E"H(E',R)AE", where Z* = min[Z, Z3(F)], #(Z,E) as in Eq.(6), and
0 Z1(E) = 0in Model E. One finally obtains

with E* =min[E,y(R)]. The binding energies of the stars -

seen in the aperture considered range from zergjoso (%) =/ N(Z,E)ds(E),

that 1ap (o, R) = pap(R), With p,,(R) as in Eq.(2) and 0

Sap(E, R) = piap(E, R)/pap(R). and the corresponding expressionsdgiZ, R) ands,,(Z, R).
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