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ABSTRACT

Aims. We aim to study the effect of a cosmologically motivated gas infall law for the formation of a massive elliptical galaxy in order
to understand its impact on the formation of spheroids.

Methods. We replace the empirical infall law of the model by Pipino & Matteucci with a cosmologically derived infall law for the
formation of an elliptical galaxy. We compare our predictions with observations. We also compare the obtained results with those of
Pipino & Matteucci.

Results. We computed models with and without galactic winds; we found that models without wind predict a too large current
SNIa rate. In particular, the cosmological model produces a current SNIa value which is about ten times higher than the observed
values. Moreover models without wind predict a high current SNII rate, too large even if compared with the recent GALEX data.
The predicted SNII rate for the model with wind, on the other hand, is too low if compared with the star formation histories given
by GALEX. The mean value for the [Mg/Fe] ratio in the dominant stellar population of the simulated galaxy, as predicted by the
cosmological model, is too low if compared to observations. This is a very important result indicating that the cosmological infall law
is in contradiction to the chemical evolution.

Conclusions. A cosmologically derived infall law for an elliptical galaxy cannot reproduce all the chemical constraints given by
observations. The problem resides in the fact that the cosmologically derived infall law implies a slow gas accretion with a consequent
star formation rate active for a long period. In this situation low [Mg/Fe] ratios are produced for the dominant stellar population in a

typical elliptical, at variance with observations.
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1. Introduction

Elliptical galaxies show an important uniformity in their photo-
metric and chemical properties. The first proposed scenario of
elliptical formation is the monolithic collapse scenario (Larson
1974; Matteucci & Tornambe 1987; Arimoto & Yoshii 1987;
Chiosi & Carraro 2002). Ellipticals are assumed to have formed
at high redshift as a result of a rapid collapse of a gas cloud.
This gas is rapidly converted into stars by means of a very strong
burst, followed by a galactic wind powered by supernovae and
stellar winds. The wind, carring out the residual gas from the
galaxy, inhibits further star formation. Minor episodes of star
formation, related to gas accretion from the surrounding medium
or interactions with neighbours, are not excluded, although they
do not influence the galactic evolution.

The second proposed scenario for elliptical formation is
the hierarchical clustering scenario. Hierarchical semi-analytic
models predict that ellipticals are formed by several merging
episodes which trigger starbursts and regulate the chemical en-
richment of the system (White & Rees 1978). In this case mas-
sive ellipticals form at relatively low redshifts through major
mergers between spiral galaxies (e.g. Kauffmann & White 1993;
Kauffmann & Charlot 1998).

The high-redshift formation of elliptical galaxies is sup-
ported by observations also showing an increase in the strength
of the metal absorption lines (mass-metallicity relation, e.g.
Carollo et al. 1993; Gonzalez 1993; Davies et al. 1993;
Trager et al. 1998, 2000) and a reddening of the stellar light
(colour—magnitude relation, e.g. Bower et al. 1992) with the
velocity dispersion of the galaxies. In other words, the most
massive ellipticals are also the most metal-rich. This was inter-
preted by Larson (1974) as resulting from the galactic winds that
should occur later in the most massive objects, allowing the star
formation process to continue for a longer period. In the last
years, however, this interpretation has been challenged. This is
because there was increasing evidence that the [Mg/Fe] ratio in
the dominant stellar population is larger than zero in the core
of bright galaxies (e.g. Faber et al. 1992), suggesting that the
star formation lasted for a period shorter than the time at which
the pollution from type Ia SNe becomes important (Matteucci
1994; Weiss et al. 1995; Tantalo & Chiosi 2002). Moreover,
the [Mg/Fe] ratio in the cores of elliptical galaxies increases
with galactic mass (Worthey et al. 1992; Weiss et al. 1995;
Kuntschner 2000) indicating that higher mass galaxies are, on
average, older, more metal-rich and more @-enhanced than lower
mass galaxies. Moreover the largest galaxies formed their stars
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~13 Gyr ago, whereas the mean age of low-mass objects is only
~4 Gyr (e.g. Nelan et al. 2005), in a manner resembling the “in-
verse wind model” of Matteucci (1994). This is clearly at vari-
ance with the scenario of Larson. Other possible solutions to the
increase of [Mg/Fe] as a function of galactic mass are a variable
initial mass function (IMF) and/or a decrease of the DM con-
tent as a function of galactic mass (Matteucci et al. 1998). In
Pipino & Matteucci (2004) the authors showed that the major-
ity of the optical properties of elliptical galaxies can be simul-
taneously reproduced under the assumption that the formation
process, occurring at high redshift (as in the monolithic collapse
scenario), is stronger and faster in more massive objects than
in the less massive ones. On the other hand, evidence favour-
ing the hierarchical scenario includes the observed interacting
galaxies, ellipticals with disturbed morphologies (e.g. Kormendy
& Djorgovski 1989). However, semi-analytical models based on
this framework still fail in reproducing the [Mg/Fe]-mass rela-
tion in ellipticals (e.g. Nagashima et al. 2005).

Evidence of very recent (but very modest) star formation
in early-type galaxies comes from Galaxy Evolution Explorer
(GALEX) data (e.g. Yi et al. 2004; Salim et al. 2005).
The sensitivity of GALEX to very low star formation rates
(~1073 M, yr~!, Salim et al. 2005) provides us with more re-
liable data on recent minor episodes of star formation in ellipti-
cals. Therefore one cannot completely rule out the possibility of
late mergers, although they do not represent the main process of
galaxy formation as they seem to be limited to only (a fraction
of) the low mass objects. Monolithic models, obviously, cannot
reproduce recent star formation if there is no late-time accretion
of satellites. The cosmological model, instead, has residual star
formation by definition. For this reason it is interesting to com-
pare it with the data by GALEX.

Kaviraj et al. (2008a) showed that the medium value of re-
cent star formation in early-type galaxies, defined by the authors
as the mass fraction of stars that formed in a galaxy within the
last 1 Gyr of look-back time in its rest frame, is ~5.5 percent.

A residual star formation at low redhshift seems quite com-
mon in Brightest Cluster Galaxies (BGCs) hosted in cool-core
clusters (Hicks & Mushotzky 2005; O’Dea et al. 2008; Bildfell
et al. 2008). Using the Bildfell et al. (2008) sample, Pipino
et al. (2008b) demonstrate, for the first time, a one-to-one cor-
respondence between blue cores in elliptical galaxies and a UV-
enhancement observed using GALEX. However, only a small
fraction of elliptical galaxies shows current star formation. It is
interesting to understand if this supposed recent star formation
really exists and how it might influence the chemical evolution
of ellipticals.

Generally, models for the formation of normal ellipticals pre-
dict that star formation stopped several Gyr ago. Merlin & Chiosi
(2006) found that the star formation in early-type galaxies was
completed within 4 Gyr, showing that a strong wind occurred.
The same was found by Kawata & Gibson (2003a). They showed
that star formation stops abruptly at an early epoch due to the
galactic wind. In another paper (Kawata & Gibson 2003b) the
authors showed that radiative cooling becomes more efficient,
and thus the gas infall rate increases with decreasing mass of
elliptical galaxies.

In this paper we study the effect of a cosmologically moti-
vated infall law for the formation of a massive elliptical galaxy
in order to understand its impact on the formation of spheroids.
The novelty of our approch to model the formation of an ellipti-
cal galaxy lies in the fact that we run a dark matter only cosmo-
logical simulation, identifing a posteriori a possible dark matter
halo which could host an elliptical galaxy. To do this we use in
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particular the spin parameter, connected to the angular momen-
tum of a galaxy. Other authors studied the formation and evolu-
tion of ellipticals, but with a different approach. Thomas et al.
(1999) adopted two different scenarios for the formation of an
elliptical galaxy: a fast clumpy collapse, and the merger of two
spirals similar to the Milky Way. Pipino & Matteucci (2004), in-
stead, adopted an analytical infall law to study the formation and
the chemical evolution of an elliptical galaxy.

The paper is organized as follows: in Sect. 2 we describe the
adopted model, analyzing the cosmological simulation and the
chemical evolution. Section 3 presents the obtained results and
Sect. 4 the conclusions.

2. The model

The originality of our work is based on the fact that we use a
cosmological simulation in order to derive a mass accretion his-
tory for an elliptical galaxy to insert in the chemical evolution
model by Pipino & Matteucci (2004). We use the same cosmo-
logical simulation by Colavitti et al. (2008), in which the authors
derived four infall laws for spiral galaxies like the Milky Way. In
this case we identify several dark matter halos which can host an
elliptical galaxy, then derive their mass accretion histories. After
this, we chose a particular DM halo to analyze, looking at its
peculiar characteristics (see Sect. 2.1).

2.1. The cosmological simulation

The main aim of our work is to follow the chemical evolution
of elliptical galaxies in a cosmological context. To this end, we
run a dark matter-only cosmological simulation, using the public
tree-code GADGET?2 (Springel 2005), in order to produce and
study dark matter halos in which elliptical galaxies can form.

We refer the reader to Colavitti et al. (2008) for details con-
cerning the cosmological simulation and we describe here only
the assumptions made to select the right DM halo. To identify
the DM halos that can host an elliptical galaxy we used selec-
tion criteria based on two different characteristics. The first one
is the mass of the halo. We want to study a mean elliptical galaxy,
so it is important to chose an interval of masses in which we can
find such an object. The second characteristic is the spin param-
eter. This parameter is a measure of the angular momentum of
the halo and, therefore, we look for a small spin parameter in or-
der to be sure we consider a DM halo that can host an elliptical
galaxy. The selected characteristics are:

— mass between 1 x 10'2 M, and 5 x 10" M;
— spin parameter A < 0.04.

We found 22 DM halos compatible with our selection criteria.
We assumed that the baryonic matter follows the same accretion
pattern as the dark matter and that it represents 19% (the cosmo-
logical baryon fraction) of all the infalling matter. In this way,
we obtained the baryon infall law from the mass accretion his-
tory of each halo. Having 22 infall laws and knowing that ellip-
tical galaxies form the bulk of their stars rapidly, we looked for a
halo with a high mass accretion rate at high redshift. This char-
acteristic, in conjunction with a low spin parameter, was found
only in one halo, representative of a typical elliptical galaxy.
One may argue that this halo is not representative, these
three characteristics not being essential to characterize an el-
liptical galaxy. However the mass, the spin parameter and the
redshift of formation of a galaxy are the same parameters used
in Colavitti et al. (2008) to identify a spiral galaxy similar to the
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Milky Way, where the authors obtained good results. It is im-
portant to underline some shortcomings of our approach and in
particular the fact that ellipticals are typically found in clusters of
galaxies, whereas in our simulation we model an isolated ellip-
tical galaxy. In a galaxy cluster there are some important physi-
cal processes (i.e. ram-pressure stripping, tidal stripping, harass-
ment among others) that we do not consider in our DM-only
simulation and that can influence the properties and the amount
of the gas. Another important process that we do not consider is
that ellipticals are likely to accrete not only gas during the merg-
ers but also already formed stars. In this case, details of baryon
properties become important and they cannot be ignored.

2.2. Chemical evolution

Following the approach of Colavitti et al. (2008) we now im-
plement the cosmologically motivated infall law into the Pipino
& Matteucci (2004, hereafter PM04) chemical evolution model
for elliptical galaxies (their Model I). This model is an updated
version of the multizone model of Martinelli et al. (1998) and
Pipino et al. (2002). In the model the ellipticals form by fast ac-
cretion of gas at high redshift, and the infall law is calibrated
to obtain, in the absence of galactic winds, a luminous mass of
roughly 10'" Mg (1.32 x 10" in Table 1). If instead the occur-
rence of a galactic wind is allowed, then the final luminous mass
is slightly smaller (1.08 x 10'!).

For the star formation rate ¢ they adopted the following law:

) Pgas(D) )
pgas(o)

The constant v, representing the star formation efficiency, is an
increasing function of the galactic mass in order to reproduce the
“inverse wind model” (Matteucci 1994; Matteucci et al. 1998).

For type Ia SNe they assumed a progenitor model made of a
C—-0O white dwarf plus a red giant (Whelan & Iben 1973). The
resulting rate is:

Y(@) =v (1)

Mpm
Rsnia = A
MBm

(Greggio & Renzini 1983; Matteucci & Greggio 1986), where
Mg is the total mass of the binary system, Mg, = 3 My and
Mgy = 16 M, are the minimum and maximum masses allowed
for the adopted progenitor systems, respectively. u = M, /My is
the mass fraction of the secondary and yy, is its minimum value.
The constant A represents the fraction of binary systems in the
IMF that are able to give rise to SNIa explosions.
For the infall law PM04 adopted the expression:

[dGi(f)

5
Y(Msz) f St — Ta2) du dMp, (2
M

= Xiintan C 77, 3)
dr ]infall l

where X; jnrann describes the chemical composition of the accreted
gas, assumed to be primordial, and 7 is the infall time-scale. C is
a constant obtained by integrating the infall law over time and
requiring that ~90% of the initial gas has been accreted at the
time when the galactic wind occurs.

Differently from PMO04, here we use the yields by Woosley
& Weaver (1995).

We study three different models: Model 1 is the same
model as in Pipino & Matteucci (2004), with the difference that
we on purpose turned off the galactic wind (a natural conse-
quence of SN feedback), in order to have a residual star for-
mation rate at low redshift; Model 2, instead, is the same as in
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Table 1. Luminous mass, star formation efficiency and time of forma-
tion for all the models.

Model Mlum [MG] v T [Gyr] Torm [Gyr]
1 1.32x 10" 10 0.4 0.4
2 1.08 x 10" 10 0.4 0.3
3 1.32x 10" 10 4.0

Pipino & Matteucci (2004). The wind occurs 0.92 Gyr after the
beginning of the formation of the galaxy, when the thermal en-
ergy of the gas heated by SNe (II and Ia) equates the binding
energy of the gas, thus halting star formation. Model 3 is our
cosmological model. In this case, we maintained all the charac-
teristics of Model 1, but changed the infall law. In this case we
do not include galactic wind since we want to have a residual
current time star formation rate.

In Table 1 we show, for all the models, the accreted lumi-
nous mass (see comments above) and the star formation effi-
ciency (i.e. the star formation rate per unit mass of gas) and the
infall timescale, the same appearing in Eq. (3). In the last col-
umn we show the time of galaxy formation; this timescale can
be defined as the time at which the galaxy has accreted half of
its mass. As one can see, for the monolithic models T ~ fsorm.
Therefore, for Models 1 and 2 this time corresponds to a redshift
z ~ 5.0, whereas for Model 3 it is z ~ 2.0. The meanings of the
parameters are the same as in PM04.

3. Results

In this section we present our results. In particular, in the first
subsection we show several plots where we compare the three
models. In the upper panels of each plot we give Model 1,
i.e. the model by Pipino & Matteucci (2004) without wind. In
the middle panels we show the same model, but with the wind
(Model 2). In the bottom panel we present Model 3, i.e. the cos-
mological model without wind. We show the different infall laws
and total masses, the star formation rate and the SNIa rate, the
behavior of the [Fe/H] ratio as a function of time and the [O/Fe]
and [Mg/Fe] as a function of [Fe/H].

In the second subsection we present some comparisons of
our results with observable data given by Thomas et al. (2005),
Mannucci et al. (2008) and Kaviraj (2008b). In particular, we
show the mean values for [Fe/H], [Mg/H] and [Mg/Fe] for each
model, the current SNIa and SNII rates and the mass in stars
formed in the last 1.0 and 6.2 Gyr by each model.

3.1. Comparison between the three models

Figure 1 shows the infall laws for all the models as a function of
time. The infall law of Model 1 and 2 has a peak at high redshift,
and lasts for 1 Gyr. The infall law of Model 2 becomes zero after
the peak, since the wind starts. The infall law of Model 3, as
we know, is cosmologically derived. It does not present a peak,
having an important accretion episode between 2 and 5 Gyr and
several minor episodes during the whole formation of the galaxy.

In Fig. 2 we give the total mass of all the models as a func-
tion of time. The mass of Model 1 increases during the first Gyr
of formation, remaining constant when the infall law rapidly de-
creases. Model 2 shows the same behavior during the first Gyr,
whereas it slightly decreases after 1 Gyr, since the wind starts
and part of the gas is ejected. The mass accretion history of
Model 3, instead, is very different from those of Model 1 and 2.
It increases very slowly until ~2.5 Gyr, when the slope increases.
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Fig. 1. The gas infall rate vs. time for the three models. Upper panel:
Model 1; Middle panel: Model 2; Bottom panel: Model 3.
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Fig. 2. Total mass vs. time for the three models. Upper panel: Model 1;
Middle panel: Model 2; Bottom panel: Model 3.

Then, between ~4.8 and ~7.5 Gyr it remains more or less con-
stant, starting to increase again up to the end of the formation of
the galaxy.

Figure 3 shows the star formation rate as a function of time
for the three models. It can be seen that it is very similar to the
infall rate of each model. The difference between Model 1 and 2
is that, when the wind starts, the SFR of Model 2 suddenly be-
comes equal to zero, whereas in Model 1 it goes to zero very
slowly. In Model 3 the SFR never stops, since in this case there
is no wind and the infall rate is always non-zero.

In Fig. 4 we give the SNIa rate as a function of time. The
behavior of Model 1 and 2 are very similar, even if the SNIa rate
of Model 2 decreases more rapidly. Model 3 produces a large
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Fig.3. The star formation rate (SFR) vs. time for the three models.
Upper panel: Model 1; Middle panel: Model 2; Bottom panel: Model 3.

3x108 |-

2x10° |-

SNla rate [Gyr~!]

-
o
=

3x108 |-

2x108 |-

SNIa rate [Gyr-!]

108 f

5x108 [

SNla rate [Gyr—']~

5x107 [-

Time [Gyr]

Fig.4. The SNIa rate vs. time for the three models. Upper panel:
Model 1; Middle panel: Model 2; Bottom panel: Model 3.

number of SNIa between 2 and 7 Gyr, when the infall rate is
higher. After this interval the SNIa rate becomes nearly constant
until the end of the evolution. We do not present a plot for SNII
because, the life of their progenitor being very brief, their behav-
ior follows SFR.

Figure 5 presents the [Fe/H] as a function of time for all the
models. Both Model 1 and Model 2 reach the largest value for
the [Fe/H] ratio about 2 Gyr after the beginning of star forma-
tion. After this peak the [Fe/H] slightly decreases, in particu-
lar in Model 2 where, at the end, [Fe/H] ~ 1.2. In Model 3 the
[Fe/H] ratio has a behavior very different from that of Models 1
and 2. In the first three Gyr the [Fe/H] has several peaks and de-
pressions. The latter are due to the two peaks in the infall rate
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Fig.5. [Fe/H] vs. time for the three models. Upper panel: Model 1;
Middle panel: Model 2; Bottom panel: Model 3.

at 1.5 and 2.5 Gyr which dilute the Fe abundance because the
infalling gas is assumed to have a primordial chemical composi-
tion (no metals). After the first peaks the [Fe/H] ratio increases
rapidly, then becomes constant for more or less two Gyr, de-
creases again and then is constant and equal to ~1.0 dex to the
present time.

In Fig. 6 we plot the [Mg/Fe] as a function of [Fe/H]. All
three models initially have the same behavior. However the
[Mg/Fe] of Model 3 starts to decrease at lower metallicities than
in Models 1 and 2. In Model 3 the changing in slope happens at
[Fe/H] ~ —1, whereas in Models 1 and 2 it happens at [Fe/H] ~ 0.
In Models 1 and 2 the [Mg/Fe] becomes equal to zero at [Fe/H] ~
0.4, whereas in Model 3 the [Mg/Fe] ratio becomes zero when
the [Fe/H] ~ 0.1. This is due to the longer and less efficient star
formation predicted by Model 3. In fact, different star forma-
tion histories produce different [a/Fe] abundance patterns, favor-
ing high values for a large interval of [Fe/H] in regimes of high
and brief star formation (Matteuccci 2001). The high and brief
star formation rate episode produced [Mg/Fe] ratios in excellent
agreement with those measured in the Bulge (Ballero et al. 2007)
and in ellipticals (Pipino & Matteucci 2004).

3.2. Comparison with observables

In order to study the mean properties of the stellar component
in ellipticals, we need to average quantities related to the mean
abundance pattern of the stars, which, in turn, can allow a com-
parison with the observed integrated spectra'. We recall that both
real and model galaxies are made of CSP, namely a mixture of
several SSP, differing in age and chemical composition accord-
ing to the galactic chemical enrichment history, weighted by the
SF rate. On the other hand, the observed line-strength indices
are usually tabulated only for SSPs as functions of their age,
metallicity and (possibly) a-enhancement. In particular we make

! 'We recall that in elliptical galaxies it is not possible to resolve single
stars and, hence, determine the stellar metallicity distribution.
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Fig. 6. [Mg/Fe] vs. [Fe/H] for the three models. Upper panel: Model 1;
Middle panel: Model 2; Bottom panel: Model 3.

Table 2. Mean values for [Fe/H], [Mg/H] and [Mg/Fe] for all the mod-
els. The time for Model 2 is the time at which the wind occurs.

Model Time [Gyr] [Fe/H] [Mg/H] [Mg/Fe]
1 13.12 0.677 0.358 0.434
2 0.92 -0.078 0.270 0.511
3 13.12 0.777 0.299 -0.304

use of the mass-weighted mean stellar metallicity as defined by
Pagel & Patchett (1975; see also Matteucci 1994):

1 S f
2=+ f Z(8) ds, @
SrJo

where S ; is the total mass of stars ever born contributing to the
light at the present time and Z is the metal abundance (by mass)
in the gas out of which a number of stars S formed. In practice,
we make use of the stellar mass distribution as a function of Z in
order to derive the mean metallicity in stars.

In Table 2 we show the mean value for [Fe/H], [Mg/H] and
[Mg/Fe] for all the models. The mean values for Model 1 and
Model 3 are taken during the whole lifetime of the galaxy, while
in Model 2 the mean values are representative for the whole pe-
riod prior to the wind. It can be seen that the [Mg/Fe] value for
Model 3 is too low and it is in contrast with the values given by
Thomas et al. (2005), where for an elliptical galaxy of the same
mass the value of the fit of the observed data is ~0.2 dex.

However, Thomas et al. (2004) found that a non-negligible
fraction of low-mass ellipticals in their sample shows evidence
of a young (i.e. age < 2 Gyr) and metal-rich ([Z/H] ~ 0.2) stel-
lar population which represents ~10—-20% of their total stellar
mass. These values are independent of the environment and the
typical [a/Fe] of this population is ~0.2 dex lower than the bulk
of the stars, as expected if the young component formed out of
gas strongly polluted by SNIa.

As seen in the introduction, evidence of very recent (but
modest) star formation in early-type galaxies comes from the
GALEX data. In Table 3 we show the mass in stars formed in
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Table 3. Mass in stars formed in the last 1.0 and 6.2 Gyr for all the models compared with the total number of stars. Observed values by Kaviraj

(2008b).

Model M. [My] (last 1.0 Gyr [z = 0.08]) M. [Ms] (last 6.2 Gyr [z =0.7]) M. [Ms] (13.12 Gyr)
1 4.17 x 108 (0.21%) 3.66 x 10° (1.85%) 1.98 x 10"
2 0.00 (0.00%) 0.00 (0.00%) 1.58 x 10"
3 7.95 x 10° (4.25%) 5.54 x 10'° (29.63%) 1.87 x 10"
Kaviraj (2008b) 1-6% 5-13%

Table 4. Current SNIa rate and SNII rate in SNum for the three models.
Observed values by Mannucci et al. (2008).

Model SNIa rate [SNuM]  SNII rate [SNuM]
1 0.060 0.028
2 0.046 0.000
3 0.673 0.767
Mannucci et al. (2008) 0.058*901 <0.017

the last 1 and 6.2 Gyr in the three models, comparing it with the
total number of stars and with the observed values by Kaviraj
(2008b). We can see that Model 2 does not form stars in the
last 6.2 Gyr. These is due to the presence of a wind which stops
the star formation at early times. Model 3 predicts very well the
mass of stars formed in the last Gyr, whereas it produce fewer
stars than expected in the last 6.2 Gyr. The residual star forma-
tion of Model 1, instead, cannot reproduce either the number
of stars formed in the last Gyr (according to Galex) or those
formed in the last 6.2 Gyr, the obtained values being too low.
We recall, however, that elliptical galaxies with some residual
recent star formation are only a minor fraction of the whole
class of ellipticals; therefore the disagreement between Model 1
and the GALEX observations is not indicative of a deficiency of
the model.

Table 4 shows the current SNIa and SNII rate for the
three models. They are compared with the observed values by
Mannucci et al. (2008) in units of SNuM (SN per century per
10'0 M, of stellar mass). We can see that Model 3 predicts too
high a number of SNIa and SNII. In particular the value of SNIa
for Model 3 is at ~32 standard deviations from the observed
mean.

As seen in Table 4, the SN rates for Model 3 are too high with
respect to the observed data given by Mannucci et al. (2008). In
Table 3 we can see that this is due to the residual star forma-
tion of Model 3, not seen in the other two models (especially
in Model 2), but confirmed by GALEX. Therefore we find a re-
markable lack of consistency between the star formation rates
inferred by GALEX and the limits on the the SN rates. In fact, in
principle we should be able to observe SNII events if the star for-
mation is still on-going. However, the lower brightness of SNII,
combined with the fact that recent star formation takes place in
the the bright centres of the galaxies, implies that the probabil-
ity of finding SNII with current surveys is probably quite low
(Mannucci et al. 2008).

4. Conclusions

In this paper we studied the effects of a cosmologically derived
gas infall law, for the formation of an elliptical galaxy, on several
observational constraints pertaining the chemical evolution. We
compare the results of our cosmological model with the results

of the model by Pipino & Matteucci (2004) with and without
galactic wind. The conclusions are the following:

— Models without galactic wind in which star formation never
stops predict too high a current SNIa rate. In particular, the
cosmological model produces a current SNIa rate which is
about ten times higher than the observed values given by
Mannucci et al. (2008) for ellipticals. In order to reproduce
the observed SNIa rate with the cosmological model, one
should adopt, in the calculation of the SN Ia rate, a value of
the constant A (see Eq. (2)) ten times lower, an unrealistically
low value which would predict a too low type Ia SN rate in
the solar vicinity.

Models without wind also predict a large current SNII rate.
In particular, the cosmological model gives a current
SNII rate which is higher than the SNIa rate, whereas from
observations given by Mannucci et al. (2008) it is known that
the SNIa rate is at least three time higher than the SNII rate in
ellipticals. On the other hand, Models 1 and 2, based on the
monolithic scenario, predict almost no current star formation
and therefore a negligible number of current type II SNe,
at variance with GALEX indicating recent star formation,
although in a small fraction of ellipticals. We have com-
pared our predicted current type I SN rate with the data of
Mannucci et al. (2008). In this case Model 3 predicts far too
many type II SNe whereas Model 1 predicts an acceptable
value.

The mean value for the [Mg/Fe] ratio in the dominant stellar
population, as predicted by our cosmological model, which
is an important indicator of the robustness of a model, is too
low, as expected. We predict [Mg/Fe] ~ —0.3 dex. For an el-
liptical galaxy of the same mass Thomas et al. (2005) give a
value of ~+0.2 dex, corresponding to a gap of about 0.5 dex.
This is the most important result, since it suggests that a his-
tory of star formation like the one derived by cosmological
simulations cannot produce values of [Mg/Fe] in ellipticals
in agreement with observations. However, it is important to
note that our approach is very simple and that our simulation
refers to an isolated galaxy, whereas most ellipticals reside in
clusters. By ignoring that, we might have overlooked some
important physical processes such as merging of stellar sys-
tems and all the processes related to the environment (i.e.
ram-pressure stripping, tidal stripping and harassment).
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