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Abstract. The chemical evolution of our alaxy, elliptical and dwarf 
irregular galaxies at low and high redshift is discussed, with the aim of 
studying the temporal evolution of chemical bundances and abundance 
ratios. Such evolution is then used as a clue 0 understand the nature of 
high red-shift objects such as QSO and Dam ed Lya systems (DLA). In 
particular, we discuss how the comparison between the observed abun­
dances, both in QSO and in DLA, with predicfons from models of galactic 
chemical evolution can be used to infer their nature. We favor the idea 
of QSO being the result of accretion on a ce tral massive black hole in 
the center of giant elliptical galaxies occurrin at times larger than 1 Gyr 
from the beginning of star formation. Concer ing DLA we conclude that 
some of them are probably starburst galaxies, such as the local blue com­
pact galaxies, experiencing their first or one of their first bursts of star 
formation. 

1. Introduction 

Galactic chemical evolution models are a very usef 1 tool to date galaxies and 
Galactic component as shown by Matteucci and Fr nc;ois (1989, 1992). In par­
ticular, abundance ratios such as O/Fe or N /0 cane used as cosmic clocks; the 
reason for this resides in the fact that 0 and Fe are estored into the interstellar 
medium (ISM), by the same stellar generation, with temporal delay due to the 
fact that the bulk of 0 originates from short living tars (type II SNe) whereas 
the bulk of iron originates from long living object (type Ia SNe). A similar 
situation exists for 0 and N j nitrogen, in fact, is rna nly produced in long living 
stars (low and intermediate mass stars) and is also a secondary element, namely 
produced proportionally to the initial stellar met . city. The identification of.­
the typical times cales for the production of differe t elements is therefore ex­
tremely important to date galaxies but not only fo that. Galaxies of different 
morphological type are believed to evolve at differ nt rates, in the sense that 
their history of star formation and the rate at which hey accumulate matter are 
different. This produces quite different abundance atterns either at high or at 
low redshift. See for example how elliptical galaxies and bulges show a marked 
overabundance of a-elements relative to iron with very high metallicity con­
tent, as opposed to halos where the same overabu dance coexists with a very 
low metal content. These different behaviours can 
tion of the different times cales for the forma~ion of 
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to galaxies of all types, with different star formation histories (Matteucci and 
Brocato, 1990; Matteucci, 1994). Therefore abundances and abundance ratios 
can be used as a diagnostic to infer the nature of high red shift objects about 
which we do not have other information. 

The aim of this paper is to discuss different models of chemical evolution 
for our Galaxy, ellipticals and dwarf irregulars and compare their predictions 
with the information on abundances available for QSO themselves and for QSO 
absorbers (DLA). Recently, more and more data are available on DLA suggesting 
in some cases quite unusual abundance ratios. This is a unique occasion to 
study the evolution of galaxies at very early stages and test our theories on 
nucleosynthesis and galaxy evolution. 

All of our models assume the same nucleosynthesis prescriptions which we 
will remind briefly now: 

• 	 a-elements and iron- the yields from massive stars are from \Yoosley 
(1987). Recent yields from Timmes et al. (1995) are now available for 
different metallicities but the predicted yield of iron seems to be too high. 

• 	 nitrogen- the Renzini and Voli (1981) yields for low and intermediate mass 
stars under different assumptions about the mixing-length parameter, a, 
which indicates different amounts of primary and secondary X. Primary 
N from massive stars is assumed for some of the models, otherwise is 
secondary. Weaver and Woosley (1995) have calculated some models for 
low metallicity massive stars producing primary N but it depends crucially 
on the treatment of convection. 

• 	 supernovae of type la-the nucleosynthesis prescriptions are from Xomoto 
et al. (1986). Recent calculations from Thielemann et al. (1993) do not 
differ substantially from the previous ones. 

2. Chemical evolution of the solar neighbourhood 

The model we are discussing here is that of Matteucci and Fran~ois (1992). This 
model does not assume instantaneous recycling approximation (LR.A.) and it 
computes the temporal and spatial evolution of several chemical elements (H, 
D, 3He, 4He, iLi, C, N, 0, Ne, Mg, Si, S, Ca, Cu, Zn and Fe). The initial 
mass function (IMF) is taken from Scalo (1986). The process of formation of 
the Galaxy is treated as a continuous one where the halo and the central parts .., 
form faster than the disk and the outer regions. The formation is simulated by 
an accretion process characterized by a typical timescale T. In this way, the 
evolution of the Galaxy occurs at a rate decreasing in time, in the sense that 
both the star formation rate and the accretion rate decrease in time, although at 
different speed. Alternative models exist (Pardi et al. 1995) where the formation 
of the Galaxy is seen as a process where all the different Galactic components 
(halo, thic:K- and thin-disk) start forming together but evolve at different rates. 
In this scenario, at any time there is an overlapping of stars with the same age 
but different chemical abundance and kinematics. This last scenario is probably 
more realistic than the previous one 'but it is not possible yet to distinguish be­
tween the two. However, the predicted behaviours of the elemental abundances 
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Figure 1. Predicted and observed [O/Fe] s [Fe/H] for the solar 
neighbourhood. The model is by Matteucci an Fran~ois (1992) from 
where the figure is taken (for the data see the eferences there). 

in time are qualitatively the same, the only differen e being that in the contin­
uous evolution one has only one evolutionary curve or each element whereas in 
the evolution in parallel one has, for a given elemen , one evolutionary curve for 
each Galactic sub-structure and they run roughly 'n parallel. As an example 
we present in Figs. 1 and 2 the predictions from the two models concerning 
the [O/Fe] vs. [Fe/H] relation for solar neighbourh od stars. In Fig. 1 are the 
predictions of wlatteucci and Fran~ois (1992) comp red with data. During the 
halo phase the [O/Fe] is predicted to be roughly onstant as due to the only 
contribution of type II SNe whereas during the dis phase the [O/FeJ decreases 
as due to the bulk of iron restored by type Ia SNe. he timescale at which type 
Ia SNe become no more negligible and induce the hange in slope of rOlFe] is 
~ 1.4 Gyr. This timescale corresponds also, in this model, to the the duration 
of the halo phase (halo stars have [Fe/H]~ -1.0). 

In Fig.2 are shown the predicted relations for t e halo, thick- and thin-disk. 
The shape of the thin-disk curve is very similar to t at of Fig.l. Concerning the 
curve for the thick disk and halo we should keep i mind that we are plotting 
the abundances in the gas, not those in the stars, and that star formation in 
the halo is practically over after 2 Gyr in this mod 1. Thus, in principle, there 
could be halo stars of high metallicity, as indicated n the figure, but in practice 
the halo curve should be cut at [Fe/H]~ -1.0dex si ce halo stars of metallicity 
higher than that should be rare due to the paucity f halo gas available at that 
stage. 

The same is true for the thick disk which shou d be truncated in the figure 
at [Fe/H] ~ -0.5 dex. 

After all, the predictions 'of the two models re similar and therefore is 
difficult to dh;;tinguish between the two different sce arios. In Fig. 3 we show the 
predictions of the Matteucci and Fran~ois (1992) m del concerning the variation 
of the abundances of several elements as a functio of time and redshift. The 
time-redshift relation used is based on a Hubble con tant of 50 1(msec-1 klpc- 1 

and a deceleration parameter qo = 0.5 (see Matte cci and Padovani, 1993 for 
more details) and we will adopt this cosmology thr ugh the whole paper. 
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Figure 2. Predicted and observed [O/Fe] vs [Fe/H] for the solar 
neighbourhood. The model is by Pardi et al. (1995) from where the 
figure is taken. The symbol H stands for halo, T for thick-disk and D 
for thin-disk. 
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Figure 3. Predicted evolution of the abundances of several heavy 
elements in the solar neighbourhood as a function of time and red­
shift. The figure is taken from Matteucci and Padovani (1993). 
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3. The evolution of elliptical galaxies 

The chemical evolution model for elliptical galaxie is described in ~Iatteucci 
(1994) and Matteucci and Gibson (1995). It belon s to the class of supernova 
driven wind models (Arimoto and Yoshii, 1987; Ma teucci and Tornambe 1987) 
but with the inclusion of diffuse halos of dark mat er ten times more massive 
than the luminous content. The galactic wind is s pposed to occur when the 
thermal energy of gas heated by supernovae and ther stellar events equates 
the potential energy of the gas. The star forma ion is assumed to be very 
efficient (10-40 times more efficient than in the s lar neighbourhood) and to 
stop immediately after the development of the gal ctic wind. After the wind, 
in fact, the gas restored by dying stars is heated y the explosions of type Ia 
supernovae and star formation is not likely to occ r. The mass to luminosity 
ratio in each galaxy is calculated according to the ch ice of the IMF. Three types 
of IMF are considered: 

• IMF with x=1.35 (Salpeter 1955) over the wh Ie mass range 
.­

• IMF with x=0.95 (Arimoto and Yoshii 1987) ver the whole mass range 

• IMF with three slopes (Kroupa et al. 1993) 

• IMF with x=2.0 over the whole mass range 

3.1. Results for elliptical galaxies 

The best model reproducing the main properties ofl w redshift elliptical galaxies 
suggests that elliptical galaxies should have an IMF uch flatter (x::: 1) than the 
solar neighbourhood in order to explain the high [ g/Fe] ratio observed in the 
core of giant ellipticals (Worthey et al. 1992; Weis et al. 1995) as well as the 
high [Q!/Fe] ratio (+0.1-+0.7) measured by ASCA in the IeM (:Nlushotzky 1994) 
and the observed iron mass to light ratio in clusters of galaxies (I:NILR=( 0.007­
0.014)h-1/ 2) (Matteucci and Gibson, 1995). How ver, for a reasonable IyIF 
(Salpeter or flatter) a high [Mg/Fe] or [a/Fe], of the order of +0.3-+0.7 in giant 
ellipticals, as required by population synthesis stu ies (Weiss et aL~ 199.5), is 
obtained only if the dominant stellar population fo med in a timescale :5 3 . 108 

years (see Fig. 4). This fact argues against the formation of ellipticals by 
merging of disk systems (van den Bergh, 1995). 

Figure 4 shows the predicted [O/Fe] vs [Fe/H] i the gas of elliptical galax­
ies of different initial luminous mass and different MF. The occurrence of the 
galactic wind is marked on each curve. According to the time of occurence of the 
galactic wind one predicts different amount of star formed with high [a/Fe] . 
Therefore, the predominance of stellar populations ith high [a/Fe] or [)'IgjFe] 
is crucially dependent on the time of occurrence of he wind which, in turn: de­
pends on the assumed galactic potential, IMF, star rmation rate and efficiency 
of energy transfer from the stars to the ISM. 

As a consequence of the high required [a/Fe] and [Mg/Fe] we must con­
clude that SNII nucleosynthesis dominates the ener etic and chemical evolution 
of elliptical galaxies at variance with what happens in our Galaxy, where S:.Tn 
dominates in the earlY,evolutionary phases (h,alo an bulge) and SNIa dominates 
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Figure 4. Predicted behaviour of the [O/Fe] in the ISM of elliptical 
galaxies of different mass and IMF. The figure is taken from Nfatteucci 
and Gibson (1995). AY87 stands for Arimoto and Yoshii (1987) and 
KTG93 stands for Kroupa et aI. (1993).The masses refer to the initial 
luminous mass of the galaxy. 

in the late stages (thick- and thin- disk). In Fig.5 we show the different contri- .~ 
butions from type II and la SNe to the enrichment in Fe of the IS:Nf of elliptical 
galaxies of different initial luminous mass and IMF. Again the occurrence of the 
galactic wind is marked. 

From Fig. 5 it follows that the predicted iron abundance in the gas observed 

now in ellipticals is solar or larger, in agreement with stellar populations studies 

(vVeiss et al. 1995) but in disagreement with ASCA data (Lowenstein et aI., 

1994). 


3.2. Giant ellipticals and high redshift objects 

Matteucci and Padovani (1993) suggested that giant ellipticals (2-.5 . 1012 -,"10 ) 

. developing cooling flows (Ciotti et al. 1991; David et ai., 1991) may become 
QSO. Their activity could in fact be induced by stellar mass loss fuelling a central 
black hole after star formation has stopped and cooling flows are established. In 
this case, the predicted abundances in the gas restored by dying stars are the 
abundances observed in the central QSO and can be compared with QSO broad 
emission lines. 

3.3. Observed chemical evolution of QSO 

The observations of QSO suggest: 

• 	 a broad similarity (at the first order) of the spectra in differ~nt objects and 
at different red-shift: compare for example the composite quasar spectrum 
of Francis et al. (1991) with the spectra of high redshift QSO implying a 
roughly similar metallicity and therefore a small (if any) red shift depen­
dence of quasar metallicities . 

• 	 The presence of standard emission lines like OIV 1034 .ii, NV 1240 it and 
CIV 1550 .it. in high-z AGN and QSO (Schneider et al. 1991). This shows 
that metal production was well under way in these young objects. 
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Figure 5. Predicted behaviour of [Fe/H] vs. t me for elliptical galax­

ies of different initial mass and IMF. The con ributions from type Ia 

and II supernovae are indicated. The figure is taken from rvIatteucci 

and Gibson (1995), Mg(O) refers to the initial I minous mass. 


• 	 Broad line region line ratios suggest a factor of ten (or possibly higher) 
overabundances of N, Fe and Si; as regards oth elements there seems to be 
no evidence for abundances much different fr m solar (see IvIatteucci and 
Padovani 1993 and references therein). Howev r, one should keep in mind 
that elemental abundances derived from QS emission lines are model 
dependent, since results can vary with the a sumed ionizing continuum, 
electron density and ionization parameter. 

3.4. Main results for QSO 

After comparing the observed chemical properties 
teucci and Padovani (1993) concluded that: 

• solar abundances are reached in a few 108 year 
in the host galaxy (an elliptical or a bulge of 
Salpeter-like or a flatter IMF. This explains i 

f QSO with models, IvIat­

after star formation starts 
spiral) for a model with a 
a natural way the "stan­

dard" emission lines (ClV; NV, OVl, SiIV) dis layed by high redshift QSO. 

• After the first Gyr from the beginning of star ormation, corresponding to 
a redshift z ::; 4.5 in the assumed cosmology, t same model predicts N, Si 
and Fe abundances roughly 10 times higher th n solar whereas C, Ne, j\;Ig 
and 0 abundances are roughly solar. This is because some elements are 
produced by long living stars and therefore th y continue to be produced 
even after star formation has ceased (t> 1 yr in this model), whereas 
others, produced by short living stars ~o not i crease any more after star 
formation is ove·r. Silicon, in spite of being a a- element such as 0, Ne 
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Figure 6. A plot of [Fe/O] vs. time and redshift tor the IS~I of a 

giant elliptical galaxy for different IMF prescriptions.In particular for 

IMFs with different slope x over the whole mass range. Predictions 

for the solar neighbourhhod and the galactic bulge are also shown for 

comparison. The figure is taken from Matteucci and Padovani (1993). 


and :WIg and therefore produced in massive stars, is also produced in a 
non-negligible way by type Ia SNe and it shows a behaviour intermediate 
between that of 0 (mainly produced in type II SNe) and that of X and 
Fe (mainly originating from low and intermediate mass stars). These pre­
dicted overabundances are consistent with the few abundance estimates 
available for QSO. The model shows also that for C, Ne, :vIg and 0 the 
abundances after 1 Gyr are almost constant in time while the abundances 
of N, Si and Fe becomes weakly dependent on time for redshifts lo\\"er than 
3. This could perhaps explain the longstanding puzzle of the similarity of 
QSO spectra at different redshifts . 

• Abundance ratios of Fe relative to a-elements (or viceversa) can be used 
as a cosmic clock to constrain QSO's ages since they depend mainly on 
the relative lifetimes of the progenitors of a-elements (mainly SNeII) and 
of Fe (mainly SNeIa). In particular, overabundances of Fe relative to a­
elements would indicate that the QSO are older than 1 Gyr ~ as clearly 
indicated in Fig. 6. The same conclusion was reached by a similar study 
of Hamman and Ferland (1993). However, all of this reasoning is based 
on the assumption that the QSO activity is due to accretion of gas on a 
central black hole and the situation could be different if one assumes the 
"starburst model" for QSO of Terlevich et al. (1992). According to this 
model the activity of QSO could be explained solely by young stars and 
supernova remnants without the presence of a black hole. In the framework 
of a young starburst (less than 1 Gyr) our model predicts low Fe/a ratios 
at variance with observations. 

4. Dwarf Irregular Galaxies and Damped Ly-a Systems 

The metallicity, gas content and colors of dwarf irregular galaxies indicate that 
they are either young or have experienced. a sporadic star formation activity 

8 

http:prescriptions.In


(bursts). For most of these galaxies the second hyp thesis is the most likely to 
be true although a different star formation regime an probably be envisaged 
for dwarf irregulars (DIG) and blue compact gala 'es (BeG). In particular, 
DIG should have almost a continuous (gasping) star formation regime (Tosi et 
al. 1991; Greggio et al. 1993), whereas the BeG sh uld experience few bursts 
of star formation. However, one cannot exclude t at some of these gala..xies 
are truly young objects in the sense tha:t they have started forming stars only 
recently. The best known case of this type is the B G IZw18, which shows the 
lowest metal abundance known in local galaxies. Its oxygen abundance derived 
from HII regions is 1/30 of the solar value (~1.75 10-5 by number). Kunth 
et al. (1994) claimed an even lower 0 abundance in the HI envelope of IZ\v18, 
roughly 1/1000 of the solar value (~ 7.9.10-7 by number) (but see Pettini 
and Lipman, 1995). These very low 0 abundances rgue in favor of an almost 
primordial object and the discontinuity in metallicit between the HII and HI 
regions (if real) supports the view of Kunth and Sarg nt (1986) that HII regions 
are self-enriched. Kunth et al. (1995) applied the mo el of :Nlarconi et al. (1994) 
for the evolution of DIG and BeG to IZw18. 

This model assumes that the star formation pr ceeds in short but intense 
bursts of star formation which trigger strong but sh rt galactic wind episodes. 
The galactic winds are mainly induced by type II SNe given the short duration of 
the bursts as compared to the typical timescale for th appearence of type Ia SNe. 
These winds can either contain well mixed gas or be nriched in heavy elements. 
This last case has been invoked to explain the obser ed He vs 0 relation shown 
by these galaxies (Pilyugin 1993; Marconi et al. 19 4). The existence of such 
winds can be justified by the fact that type IISN e, w ich explode in aggregates, 
can trigger chimneys which can eject metal-enriche material outside a galaxy 
of relatively low mass. 

4.1. Main Results for DIG and BeG 

Models with a number of bursts between 1 and 15 asting no longer than 100 
Myr with a Salpeter-like IMF plus enriched galact c winds can represent the 
majority of the observed properties of DIG and Be (Marconi et al. 1994). 

On the other hand, the abundance pattern obs rved in IZw18 (solar N/O 
and very low O/H) combined with its blue colors a d large amount of gas can 
be explained if this galaxy is experiencing its first or, at maximum, second burst 
of star formation. The burst duration should be 1 ss or equal to 20 1\,Iyr, as 
suggested by population synthesis models (Mas-He se and Kunth, 1991) and 
trigger a very strong enriched galactic wind relative to the other BeG (Kunth 
et al. 1995). From the nucleosynthesis point of iew, Kunth et al. (1995) 
concluded that primary N from massive stars is al 0 required if one wants to 
reproduce the observed amount of N (quite high fo a galaxy of such a lo\v 0) 
only in one burst of star formation without overpro ucing oxygen. 

4.2. Similarity between IZw18 and'DLASy terns 

In Fig. 7 we show a plot of N/0 vs. O/H with the p edictions of all the models 
discussed in this paper: the solar neighbourhood m del calculated for different 
assumptions about the nucleosynthesis of N, the m del for a typical elliptical 
galaxy and the models for IZw18. In Fig. 7 also s own are models similar to 
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Figure 7. Predicted N/0 vs. O/H for the solar neighbour­
hood(dotted lines) for different choices of a (Renzini and Voli, 1981). 
The line indicated by Np refers to a model; with a = 1.5 and primary 
N from massive stars. The sun is shown for comparison. The short­
dashed line labelled a=O represents the model of a typical elliptical. 
The continuous and dashed-dotted lines are models for IZ\,.,'18 (Mod. 
5 and 1 from Kunth et al. 1995, respectively) The three curves in the 
upper left corner of the figure are models from Matteucci et al. (1995) 
for DLA. The star represents IZw18 (Skillman and Kennicutt, 1993). 
while the spade and the clover represent the Green et al. (1995) and 
the Molaro et al. (1995) systems, respectively. 

those for IZw18 but with more extreme assumptions about the star formation 
and wind efficiencies. In particular, these models have stronger star formation 
and wind rates. lVlatteucci et al. (1995) noticed the similarity between the 
abundance pattern observed in IZw18 and in a couple of DLA systems at high 
redshift observed by Molaro et al. (1995) and Green et al. (1995). These DLA 
also show a quite high N /0 relatively to their very low O/H abundance. This is 
even stranger in DLA than in IZw18 since we know that the DLA are truly young 
objects while IZw18 could, in principle, have suffered previous bursts of star 
formation now hidden by the present burst. Nitrogen, in fact, is mainly produced 
in low and intermediate mass stars and therefore is restored on timescales larger 
than 30 lVlyr, making difficult a strong N production on short timescales. 

In Fig. 7 are shown the observed N /0 for the DLA systems together with 
the N/0 of IZwI8. One of the systems, that towards QSO 0000-2619~ has 
Zabs = 3.39 while the other towards QSO 1331+1700 has Zabs = 1.775. As is 
evident from the figure models with strong star formation and strong enriched 
wind can fit the two DLA very well. This might suggest that some of DLA are 
dwarf irregular galaxies experiencing their first burst of star formation a;nd at 
the same time the similarity of IZw18 with these objects confirms the primordial 
nature of this galaxy. On the other hand, other DLA systems (Pettini et al. 
1995) do not show such a high N/O and they could indicate that the absorbers, 
in this case, are protospirals (Matteucci et al. 1995). 

Acknowledgments. I am grateful to B.K. Gibson, D. Kunth, G. MarconL 
P. Molaro, P. Padovani, M. Tosi and G. Vladilo with whom most the \vork 
reviewed here has been done. 
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