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1. Formation and Evolution of the Galaxy as suggested by the 
correlation between abundances and kinematics 

-The paper ofEggen, Lynden-Bell and Sandage (1962) (hereafter ELS) titled 
"Evidence from the motion of old stars that the Galaxy collapsed" was the 
first attempt to understand the formation and evolution of our Galaxy. 
From a study of a kinematically selected sample of high velocity stars, 
ELS had found a remarkable correlation between chemical abundance and 
orbital eccentricity, in the sense that stars with the largest ultraviolet excess 
(a measure of stellar metallicity, in particular Fe), Le. the lowest metallicity, 
are invariably moving in highly elliptical orbits. As the average < [Fe/H] > 
(in the usual notation [Fe/H] = log(Fe/H)* - log(Fe/H)e)is expected to 
increase with time, as a consequence of the progressive chemical enrichment 
of the gas, stars with the lowest [Fe/H] are, on average, the oldest. ELS also 
found a correlation between abundance and motion of stars perpendicular 
to the Galactic plane. This correlation suggests a continuous decrease of the 
perpendicular velocity with decreasing [Fe/H]. To explain these relations 
ELS proposed that the Galaxy collapsed from a protodoud to a thin disk on 
a timescale of a few times 108 years, with progressive chemical enrichment 
as the collapse proceeded. This model was subsequently criticized mainly 
because of selection effects in their data, i.e. given the data available to ELS 
one would not expect the sample to contain low abundance, low orbital 
eccentricity objects even if they existed. They would be absent from the 
high velocity catalog they used. In addition, the ELS simple model did not 
account for the fact that almost half of the halo stars have retrograde orbits. 
This fact led Larson (1969) to consider models of clumpy and turbulent 
protogalaxies with collapse times that sometimes exceeded 1 Gyr. 
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-Searle and Zinn (1978) expressed a different point of view relative to 
ELS as a result of their studies of the globular cluster system of the Galaxy. 
First they found no gradient in metallicity in the globular clusters at galac
tocentric distances greater than 10 Kpc. However this observation per se 
does not argue against the rapid collapse proposed by ELS, since a metal
licity gradient is favored by a slow dissipative collapse. The second point 
was the problem of the Horizontal Branch morphology in globular clus
ters, i.e. the fact that it appears to be a function of galactocentric distance. 
This was attributed to age differences implying that globular clusters in the 
outer halo have an age spread of a couple of billion years, whereas those of 
the inner halo have a spread in age of less than 1 Gyr. They also claimed 
that for halo abundances ([Fe/H] < -1.0) there is no dependence of the 
kinematics on abundance for subdwarf samples when all the velocity com
ponents are considered. Therefore, they proposed a major modification of 
the ELS picture in which as well as a central collapse they envisaged gaseous 
fragments in the outer halo which remained distinct and experienced their 
own star formation and chemical evolution over a relatively long period 
before falling into equilibrium with the inner Galactic regions. In this way, 
one should expect no gradient and no correlation between kinematics and 
abundance as well as an age spread for the globular cluster population of 
the outer halo. 

Yoshii and Saio (1979), analysing a large sample of stars, concluded that 
the kinematics can be better explained by a slow collapse model, with the 
collapse lasting 3· 109 years. 

Later, Gilmore and Reid (1983) and Gilmore and Wyse (1985) have 
suggested the existence of a possible third major component of the Galaxy. 
This third component was called thick disk. This component, which pos
sesses some properties of the disk subsystem of globular clusters discussed 
by Zinn (1985), was excluded by ELS since they used catalogs containing 
only samples of the kinematic extremes. 

Sandage (1987) and Sandage and Fouts (1987) contested the view of 
Searle and Zinn (1978). They presented new kinematically selected data 
obtained to increase the ELS sample. The new feature, not contained in 
ELS, was the large population of intermediate velocity stars. This compo
nent has a metallicity distribution intermediate between that of the old thin 
disk (e-folding scale height of ~ 270pc) and the extended halo (scale height 
~ 3.2 Kpc) and an e-folding scale-height of 920 pc. The mean metallicity 
of the thick disk is [Fe/H]=-0.6 dex, whereas that of the halo is -1.5 dex 
and that of the thin disk -0.1 dex. They identified this component as the 
thick disk of Gilmore, Reid and Wyse. The main conclusion of Sandage 
was that the addition of the thick disk to the thin disk and halo changes 
the details of ELS picture but not its essential substance. The conclusions 
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of Sandage were again in contrast with those of Searle and Zinn and Nor
ris (1986) who claimed no correlation between metallicity and kinematics 
below [Fe/H]< -1.0, while he instead found a continuous correlation. If 
Sandage is correct the chemical evolution of our Galaxy can be thought 
of as caused by separate processes or as part of a continuum which has 
different enrichment rates per unit gas mass relative to the collapse rate 
as a function of time. In the beginning the collapse must have been rapid 
with a very small energy dissipation rate, then the dissipation increased 
thus decreasing the collapse rate. The metal enrichment went up and so 
the ratio between the collapse and enrichment rate flattened thus giving 
higher metallicity per unit mass in stars in the flattened structures (thick 
disk and thin disk). Each component will therefore have a different average 
metallicity, chemical gradient and metallicity distribution. 

On the other hand, in agreement with the previous study of Norris 
(1986), Ryan and Norris (1991) concluded from a kinematical study of 
metal poor stars that their data are not consistent with a model in which the 
halo formed from star formation in a dissipating collapsing cloud, unless the 
kinematics have since been modified by unstable orbits or violent relaxation. 
They suggest a picture in which numerous independently evolving clouds 
formed the halo stars, similar to Larson's (1969) early suggestion. 

Therefore, a word of caution is in order concerning the interpretation 
of these kinematical data in terms of Galaxy formation mechanisms and 
timescales. As Gilmore et ale (1989) have pointed out, the presence or ab
sence of a correlation between rotation velocity and stellar metallicity does 
not really allow one to distinguish between fast and slow collapse models of 
the Galaxy. So while we may learn something about the importance of en
ergy dissipation and the efficiency of violent relaxation, the timescales enter 
the interpretation of the relation between rotational velocity and metallicity 
only by assumption. 

Before trying to reach a conclusion about the halo formation we should, 
however, discuss another independent clock for establishing the timescale 
of the halo collapse, and this is given by purely chemical arguments, as will 
be seen in the next paragraph. 

2. Formation and Evolution of the Galaxy as suggested by abun
dance ratios 

An independent way of deducing the timescale for the halo collapse is to 
look at the evolution of abundance ratios determined for stars in the solar 
vicinity. In recent years, a great deal of observational work has been de
voted to the study of the chemical abundances in solar neighbourhood stars. 
In particular, in the last ten years the development of efficient spectrom
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eters combined with powerful linear detectors have revolutionized stellar 
spectroscopy. At the same time, theoretical model atmosphere and syn
thetic spectrum calculations have been considerably improved, especially 
with improved treatment of the line blanketing by atoms and molecules. 
The claimed error in the derived abundances have decreased from roughly 
~ 0.3 dex (a factor of 2) down to ~ 0.05 dex in the most recent studies 
(Edvardsson et al., 1993). 

A particularly useful abundance ratio is that between a-elements and 
Fe since the a-elements (Le. those synthesized from a particles such as 0, 
N e, Mg, Si and S) are almost entirely produced by massive short living 
stars (M > lOMe and lifetimes in the range 106-101 years) exploding as 
type II SNe, whereas Fe is produced both by type II supernovae (SNe) and 
by SNe of type 1a which are believed to originate from white dwarfs in bi
nary systems (the lifetimes go from 101 to 10to years and more). The most 
popular models for the progenitors of type 1a SNe all involve white dwarfs 
in binary systems which reach the Chandrasekhar mass limit by accretion 
from either another white dwarf or a red giant. Because of the time delay 
in the bulk of production of iron relative to the a-elements, the abundance 
ratio [a/Fe] can be used as a cosmic clock. Let us take oxygen as represen
tative of a-elements. One can infer the timescale of the halo collapse and 
formation by looking at the observed [O/Fe] vs. [Fe/H] relation for solar 
neighbourhood stars. This relation shows a plateau extending roughly up to 
[Fe/H]=-1.0 (which is also the transition metallicity from halo to disk stars) 
and then the [0 /Fe] ratio declines until it reaches the solar value. IT we have 
a Galactic chemical evolution model following the evolution of single chem
ical abundances and we are able to reproduce the observed relationship, 
then we know at which time the gas has reached the metallicity -1.0 and 
this is the timescale for the formation of the halo, under the assumption 
that the various Galactic components formed in a continuous process. The 
theoretical [O/Fe] vs. [Fe/H] relation depends on the assumed SN progen
itors, stellar nucleosynthesis and star formation history. For this reason, 
the observed abundance patterns, when compared to theoretical models, 
can constrain SN progenitors, nucleosynthesis and star formation. Chemi
cal evolution models (Matteucci and Fran~ois, 1992) suggest this timescale 
to be not longer than 1-1.5 Gyr. In particular, Matteucci and Fran~ois 
(1992) tried to reproduce the change in slope of [O/Fe] vs. [Fe/H] relation 
at [Fe/H]~-1.7, as claimed by Bessel et ale (1991). They presented mod
els assuming different star formation laws and concluded that the data are 
best reproduced by a model where the star formation rate depends almost 
linearly upon the surface gas density. In this case the time necessary to 
reach the halo-disk transition metallicity [Fe/H]=-1.0 is between 1 and 1.5 
Gyrs. On the other hand, if star formation has a quadratic dependence on 



5 The Milky Way Galaxy 

the surface gas density (Schmidt law) then this time scale is only 3 . 108 

years and the change in slope in the predicted [O/Fe] vs. [Fe/H] relation 
occurs not before [Fe/H]=-1.0. Therefore, it is extremely important to have 
detailed abundance ratios involving oxygen and the other a-elements espe
cially in halo stars. This timescale of 1-1.5 Gyr is longer than that inferred 
by ELS but is still too low to explain the age-gap of 3-4 Gyr claimed for 
the globular clusters by Bolte (1987). However, VandenBerg et al' (1990) 
have shown that most of the halo population of globular clusters should be 
coeval with a fraction of the more metal rich clusters showing ages which 
are perhaps 2-3 Gyr younger. More recently, Buonanno et al. (1994) showed 
that four globular clusters are unequivocally younger by 3-4 Gyr than oth
ers of similar metallicity and they are all at galactocentric distances larger 
than 20 Kpc, and concluded that is possible that they have all been ac
creted by the Milky Way since they are all on similar orbits. The same age 
spread seems to be suggested also for halo field stars (subdwarfs) (Schuster 
and Nissen, 1989). These authors found an age-metallicity relation for halo 
stars indicating a difference of ~ 3 Gyr passing from [Fe/H]=-3.0 to -2.0. 
If this result is real and is not affected by systematic errors it is favoring 
a coherent very slow dissipative collapse of the halo. However, a time scale 
of the order of 2-3 Gyr is clearly at variance with that deduced from the 
[O/Fe] vs. [Fe/H] ratio. In order to have such a slow halo collapse there 
should be a much more restricted region of constant [O/Fe] for halo stars. 
In fact, if the halo collapse time is longer than 3 Gyr then SN e Ia had 
time to restore the bulk of Fe, since the characteristic time scale for this 
restoration is ~ 1 Gyr, and the change in the slope in the observed [O/Fe] 
should occur at much lower metallicities than observed([Fe/H] =-1.0 - -1.5), 
as has been shown by Matteucci and Brocato (1990). Recently Marquez and 
Schuster (1994) seem to find that there is not an age-metallicity relation 
in halo stars as found before, and that the inner part of the halo is older 
and with less age spread than the outer one, thus confirming the inside out 
scenario. 

Another aspect of the [O/Fe] vs. [Fe/H] relation, which might be in 
contrast with the chaotic scenario of Searle and Zinn, is the small spread 
around [Fe/H]=-1.0. In fact, if the halo or part of it were the result of 
random evolution of independent clouds, we should perhaps expect a larger 
spread in the [O/Fe] ratio in halo stars, especially because of the different 
metallicities at which the change in the [O/Fe] ratio would occur in the 
different clouds (Wyse and Gilmore, 1993). 

These discrepancies could be eliminated if we think not in terms of 
a unique timescale for the halo collapse but assume that the inner halo 
evolved more rapidly than the outer halo, and that the chemically derived 
timescale refers mostly to the inner halo, due to the fact that the halo stars 
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observed in the solar region are mostly those born inside the solar circle 
(Grenon 1987). This agrees with the fact that the observed spread in the 
age of globular clusters refers only to objects belonging to the outer halo. 
Recently, Zinn (1993) has suggested that the inner old halo clusters could 
have formed during a collapse not unlike the ones proposed by ELS, Lar
son (1976) or Sandage (1990) and Katz (1992), whereas the younger outer 
halo clusters could have formed in satellite systems that were accreted by 
the Galaxy. In the best model of Matteucci and Fran~ois (1992) collapse 
times cales increasing with galactocentric distance are assumed. As a con
sequence, they predict that both halo and disk take longer to form in the 
outermost regions. In particular, they estimate from the chemical argument 
that the extreme outer halo should have formed in 3-4 Gyr as compared to 
the 1-1.5 Gyr predicted for the inner halo. 

At present, most of the abundance data refer to stars in the solar neigh
bourhood, although recently abundances in disk stars at different galacto
centric distances in the Galactic plane have become available. In principle, 
the analysis of the [a/Fe] vs. [Fe/H] curves for different galactocentric dis
tances could give us an idea about the evolutionary rate in different Galactic 
regions. 

The recent paper by Edvardsson et ale (1993) shows evidence for the 
[a/Fe] ratio in metal poor disk stars ([Fe/H]< -0.4) to be smaller in stars 
at larger galactocentric distances. This fact also suggests that the Galaxy 
must have evolved less rapidly in the outer regions than in the inner ones. 
In such a case, in fact, it has been predicted (Matteucci, 1992) that the 
[a/Fe] ratio would start decreasing at lower metallicities than in the inner 
regions where instead a longer plateau extending also to disk metallicities 
should be expected. Another claim of the paper of Edvardsson et ale is 
the existence of a big spread in the age-[Fe/H] relationship, which is larger 
than the spread observed in the [a/Fe] ratios. Several explanations have 
been proposed to explain this spread: 

a) orbital diffusion combined with abundance gradients, Le. some of the 
stars we observe now in the solar vicinity region have been born at different 
galact0 cent ric distances where the chemical evolution had proceeded at dif
ferent rates than in the solar region. In particular, the most metal deficient 
stars are those with the highest probability of having been born far away 
from the solar region. This can be the consequence of the diffusion of their 
orbits which amplifies the orbital eccentricity. Orbital diffusion may be the 
consequence of scattering of stars by molecular clouds, by massive black 
holes coming out of the Galactic halo, by density wavelets and their oscilla
tions in the Galactic disk and by infalling disrupting satellite galaxies~ The 
evidence for orbital diffusion comes from the observed relation between age 
and stellar velocity dispersion (Wielen 1977; Wielen et al., 1992). 
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b) Discontinuous infall of primordial material, 
c) local chemical inhomogeneities, 
d) overlapping of stars belonging to different populations (halo, thick 

and thin disk) which evolved simultaneously but at different rates. 
Concerning orbital diffusion coupled with abundance gradients, Fran~ois 

and Matteucci (1993) have suggested that most of the spread observed by 
Edvardsson et ale in the [Fe/H] vs. age as well as in the [a/Fe] vs. [Fe/H] 
relations can be due to the fact that some of the stars we observe at the 
present time in the solar neighbourhood might have been born in different 
regions of the Galactic disk and perhaps even in the Bulge. They assumed 
that the amplitude of the stellar orbits increases with the square root of 
their age (Wielen and Fuchs, 1985), and that the Galaxy formed from in
side out, i.e. with collapse rate and star formation rate decreasing with 
increasing galactocentric distance. Edvardsson et a1. (1993) have criticized 
this explanation of their data by arguing that they do not see any trend 
of an increasing velocity dispersion with age in the interval 3-10 Gyr, thus 
concluding that the heating of the disk saturates at a dispersion of about 
20 Km/sec after 3 Gyr. However, in this context one has then to find a 
different heating process for the thick disk stars, which are at least 10 Gyr 
old with a velocity dispersion of 40 km/sec. Their main argument is, how
ever, that the spread does not change when one considers stars restricted 
to the solar circle. Their argument is as follows : since the mean galac
tocentric radius of the orbit does not change much during the history of 
the disk one should expect a smaller scatter for the solar circle stars if or
bital diffusion was important. On the other hand, Fuchs et ale (1994) using 
Edvardsson et ale 's data and other data on local stars concluded that the 
velocity dispersion increases continuously with the stellar age, in very good 
agreement with predictions from the theory of orbital diffusion. In addition, 
by assuming an Fe gradient in the disk of the order of -O.ldex/Kpc they 
found very good agreement between the observed and predicted spread in 
[Fe/H]. In addition, they argued that the assumptions concerning the mean 
orbital galactocentric distance cannot be used to trace past positions, since, 
while statistically the mean orbital galactocentric distance (i.e. the aver
age between the pericentric and apocentric distance) is equal to its present 
value, there is an ever increasing probability looking backwards in time of 
scattering events from nearby orbits into the present one. 

Concerning the overlapping of stars belonging to different Galactic com
ponents, Pardi et ale (1994) calculated a model for the chemical evolution 
of the solar neighbourhood region where the three components, halo, thick 
and thin disk were considered. The three components evolve at different 
rates but they are connected through gas flows, in the sense that during 
the halo formation gas is lost to form the thick disk which then accumulates 
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with a time delay relative to the halo. The thin disk forms with an even 
longer time delay since they assumed a progressively longer timescale for 
the formation of the different components. However, while the timescale 
for the formation of the thick disk is similar to that of the halo since the 
gas lost from the halo goes directly to form the thick disk, the difference 
between the thin disk and the halo, on the other hand, is larger since the 
rate of formation of the thin disk depends only on the gas lost from the 
thick disk. Thus the thick disk is an intermediate step which allows one 
to separate the halo from the thin disk evolution. As a result of this the 
thin disk forms out of already enriched material and on a timescale as long 
as 3-4 Gyr thus ensuring a fit to the G-dwarf distribution. In addition, 
this model predicts that the [O/Fe] vs. [Fe/H] relation is not unique but is 
given by the convolution of the [O/Fe] vs. [Fe/H] relations for each Galactic 
component. In other words, this kind of model assumes an evolution in par
allel, as opposed to an evolution in series as in the model of Matteucci and 
Fran~ois. In particular, no spread at low metallicities is predicted whereas 
for [Fe/H]> -1.0 a spread of the order of 0.3-0.4 dex is found. The reason 
for this spread resides in the fact that the chemical evolution of the gas in 
the halo and in the thick disk continues until the present time although the 
amount of star formation becomes negligible after 2 Gyr in the halo and 
after 8 Gyr in the thick disk. Therefore, very few halo stars for [Fe/H]>-1.0 
and very few thick disk stars for [Fe/ H] > -0.5 are predicted, so that they 
cannot explain all of the observed spread but probably part of it. A weak
ness of this model is represented by the thick disk which forms too quickly 
to fit well the metallicity distribution of thick disk stars, indicating that an 
even larger time delay between halo and thick disk formation is required. 
The physical reason for such a delay is the progressive increase of energy 
dissipation as the collapse proceeds. 

3. Abundance gradients and the formation of the galactic disk 

The existence of abundance gradients of 0, N, Si and S along the galac
tic disk is shown by abundance measurements in HIT regions (see Wilson 
and Matteucci, 1992 for a review). The existence of an iron gradient, on 
the other hand, is shown by stellar photometric studies of open clusters 
and from spectroscopic studies of late type supergiants. These gradients 
show that the chemical abundances decrease towards the outermost Galac
tic regions. From a theoretical point of view abundance gradients can be 
explained under different assumptions, but one of the most realistic is that 
the disk formed from inside out, in the sense that the star formation rate 
and the collapse rate were higher in the central than in the external parts. 
As a consequence of this, the external regions of the Galaxy may still be 
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collapsing now. Ther~fore, these different evolutionary rates create the dif
ferences in the abundances, due to the different age-metallicity relations in 
the different Galactic regions. This conclusion agrees with chemo-dynamical 
Galactic models (Burkert et ale 1992) and with the recent data from Ed
vardsson et ale (1993). 

Concerning the time scale for the formation of Galactic disk in the solar 
vicinity, chemical models (Matteucci and Tornambe 1985; Matteucci and 
Fran~ois 1989; Ferrini et ale 1992) suggest a value of the order of 3-4 Gyr. 
This value comes from fitting the G-dwarf distribution in the solar neigh
bourhood. In fact, the well known G-dwarf problem, i.e. the lack of metal 
poor disk stars in the solar neighbourhood relative to the predictions of the 
simple model, can be solved by assuming a slow dissipative formation of 
the disk. An even longer timescale (4-6 Gyr) is suggested by the chemody
namical models of Burkert et ale (1992). Unfortunately, Burkert et ale did 
not study the formation of the halo, but started from a hot protodisk and 
followed only the subsequent dissipative formation of the thick and thin 
disk. 

4. Chemical evolution of the Galactic bulge 

In the past, the formation and evolution of the Galactic bulge has not re
ceived much attention as the formation of the halo and the disk, perhaps 
because halo and bulge were considered as a single spheroidal component. 
Now we have evidence suggesting that the bulge might have evolved in
dependently of the halo and this evidence is in the form of chemical and 
kinematical studies of the bulge stellar populations. 

The Milky Way bulge is a region within lKpc from the center, where 
a metal rich, rotationally supported stellar population resides. ruch (1988) 
determined [Fe/H] for 88 K giants in Baade's window and showed that 
the central stellar bulge of the Milky Way is a distinct stellar population 
with an age of the order of 10 Gyr and abundance range from -1.5 to 
+ 1.0 dex with a peak between +0.15 and +0.3 dex. This result was later 
confirmed by Geisler and Friel (1992). This stellar distribution is easily 
reproduced by models assuming a fast (~ 0.5 Gyr) formation time for the 
bulge (Matteucci and Brocato, 1990). These same models predict that most 
of the stars should show enhanced a-elements relative to iron. 

This result is due to the nucleosynthesis scenario presented before, cou
pled to the assumption of a rapid star formation and collapse. 

Alternatively, if the Edmunds et ale (1991) suggestion that the [Q/Fe] 
trend in the solar vicinity can be due to a secondary- like behaviour of 
Fe, in the sense that the Fe abundance increases with metallicity, then we 
should expect the metal rich Bulge stars to show low [O/Fe] ratios. 
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Recently, Mc William and Rich (1994) measured abundance ratios in 
metal rich stars in the bulge and, although these measures need to be 
confirmed, they showed that elements such Mg seem to be overabundant 
with respect to iron (i.e. [Mg/Fe]>O), thus indicating that the timescale 
for the collapse of the Bulge must have been shorter than in the solar 
neighbourhood. 

IT this is true it implies that the Galactic bulge is older than the so
lar vicinity region and it again points to the conclusion that the Milky 
Way should have formed from inside out. Another important aspect of the 
McWilliam and Rich results is that the [Fe/H] abundances are all system
atically lower by 0.25-0.3 dex than the abundances given for the same stars 
by Rich (1988). One of the reasons for this could be that Rich (1988), who 
derived [Fe/H] from the magnesium index M fJ2 , had assumed [Mg/Fe]=O.O 
in his stars. These lower [Fe/H] indicate that the Galactic bulge is not as 
metal-rich as previously thought and that the average [Fe/H] is roughly 
solar. Since the peak of Rich's (1988) distribution at +0.3 dex led Mat
teucci and Brocato (1990) to conclude that a flatter IMF than in the solar 
neighbourhood was required, this new result might mean that there is no 
necessity for claiming a different IMF in the bulge. 

A very recent study by Minniti (1993) has shown that there is a cor
relation between kinematics and metallicity in Bulge stars, in the sense 
that the more metal-poor stars seem to have higher velocity dispersion and 
lower rotational velocity than the metal-rich population. On the basis of his 
results together with the existence of a Bulge metallicity gradient he con
cludes that the Bulge formed by dissipational collapse. As a consequence 
of this he argues that the Bulge should be younger than the halo. On the 
other hand, Renzini (1994) has argued that the existing data are consistent 
with the bulk of stars in the Bulge being at least as old as globular clusters 
stars. 

5. Conclusions 

It is still difficult to draw fum conclusions on the formation and evolution 
of our Galaxy. The dynamical and chemical evidence shown in the previous 
paragraphs give some idea of the complexity of the problem but they do 
not allow to distinguish between different hypotheses. Although we all agree 
that the formation of the Galactic disk must have been slow and dissipative, 
there is not a clear understanding about the timescale for the formation of 
the halo. Chemical arguments suggest that the halo collapse was fast, i.e. 
not longer than 1.5-2.0 Gyr, whereas dynamical and kinematical arguments 
alone do not allow one to understand this timescale. Estimates of the age 
of globular clusters together with the morphology of the Horizontal Branch 

• 

• 
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suggest that the globular clusters of the outer halo have an age spread of 3-4 
Gyr. Can this be taken as a probe of long collapse time for the whole halo? 
Perhaps there was a different mechanism of formation operating in the inner 
and the outer halo, in the sense that the inner halo might have formed on a 
short timescale of the order of the chemical one, thus confirming a picture 
similar to that proposed originally by ELS, whereas the outer one could 
have formed in a more chaotic way by accretion of external material as 
suggested by Searle and Zinn (1978), or just more slowly. In order to better 
understand these issues we would need more data on abundance ratios and 
metallicities especially for halo stars since the chemical method of dating 
the halo is less ambiguous than the kinematical information. 

In conclusion, by considering all the kinematical and chemical informa
tion available on the halo, disk and bulge, it seems to us that the most likely 
picture for the formation of our Galaxy is the inside out model, where the 
Galaxy collapsed differentially, being faster in the innermost regions. This 
model can in fact explain the abundance gradients in the Galactic disk, the 
metallicity distribution and abundance ratios in the Bulge, the possible age 
spread in globular clusters as well as the observed spread in the abundances 
of disk stars. 
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