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ABSTRACT. The chemical evolution of the thin
and thick disk of our Galaxy was investigated in
framework of the opened model with gas inflow. It
was supposed that the thin and thick disks separate
chemically and spatially and have different evolution
timescales. The Galactic evolution of magnesium
was investigated for the thin and thick disk. The
obtained results allow us that the star formation
history of the thin disk is more smooth and quiet
than its for the thick disk of our Galaxy.A gas infall
plays an important role in an appearance of chemical
distinctions of relative abundances between the thin

and thick disk - a inflow rate is more intensive for the
thick disk.
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1. Introduction

Modern studies of a kinematics and ages of a stel-
lar population of a disk of our Galaxy allow us to talk
about a presence of two distinct populations in the disk
named as the thick and the thin disk. The thin and
thick disks has a different spatial and temporal charac-
teristics (Gilmore & Raid 1983, Reyle & Robin 2001,
Chen 1997, Fuhrmann 1998, Bensby et al. 2003, Robin
et al. 1996). A metallicity distribution function of the
thin and thick disk stars of our Galaxy has peak in a
different values of metallicity (Wyse & Gilmore, 1995).
It is found that the thick and thin disk trends are partly
overlapped in the range —0.8 < [Fe/H] < —0.4 but
they are separated in [a/Fe| where a are a-capture
elements (Gratton et al. 1996, 2000; Fuhrmann 1998;
Bensby et al. 2003, 2004) Furthermore, later investiga-
tions show that the two disk components are also sepa-
rated in [Mn/Fe] and [Eu/Ba] (r- and s-process element
ratio) (Nissen et al. 2000, Prochaska & McWilliam
2000).

Thus, our goal is to make clear a causes of distinc-
tion of a chemical characteristics of the Galactic disk

subsystems.
2. The model

We consider the opened two-zone model of a chemi-
cal evolution of the disk (thick and thin) of our Galaxy.
It is supposed that the thin and thick disks of our
Galaxy are formed independently and the infall of in-
tergalactic gas took place in the process of their for-
mation. We will consider the Galactic evolution of the
magnesium as an application of such model.

The idea of chemical evolution of a galaxy includes
not only a temporal change of heavy element content
in a galactic gas but also a temporal change of mass of
gas and mass concluded into stars ans stellar remains.

A star formation process in a galaxy is considered as
a sequence of bursts with a population of stars formed
during each burst.

The contribution of elements, synthesized by a pop-
ulation of stars are described by Nykytyuk (2003) in
detail. It will be noted that the Mg yield in the paper
of Portinari et al. (1998) was determined from yields
of Woolsey and Weaver (1995) which give the underes-
timated Mg value (see Thomas et al., 2000). Making
use of Portinari’s data in the calculation of a model
of chemical evolution it was found that stars formed
of a matter with the initial metallicity Z < 0.15 give
a lower Mg yield in order to have possibility to repro-
duce the observed data. But stars with Z=0.15 give
even more higher Mg yield; because we had to lower
the predicted Mg yield from the stars with 9-15 Mg
above by a factor of 1.5 so that the model results be in
good agreement with the observation data.

The star formation rate ¥(¢) in thick and thin disks
is described in the following way (Pilyugin & Edmunds,
1996):

.e—t/Ttop
‘ s-—t/Tefr, ti;top
’ -~ Ltop

w0~ {

where Ty,, amd Tip, are free parameters of a star for-
mation rate.
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Figure 1: [Mg/Fe] vs [Fe/H] and [Mg/H] vs age diagrams
for the thin disk of our Galaxy. The observed abundances
of thin and thick disk stars of our Galaxy (Mishenina et
al.(2004)) are marked by the small diamonds (the thin disk
stars) and the asterisks (the thick disk stars). The squares
are mean observed thin disk data in 10 bins with equal
numbers of stars.Dashed line is curve drawn by the least-
squares method in the observed data of the thin disk. The
prediction for the thin disk is indicated by solid line

The star formation history is described by a set of
star formation bursts whose amplitudes are derived

from: .
My, = ’lﬁ(t) dt,

ti-1

(1)

where time interval between t; and ¢;_; is a burst du-
ration. It is supposed that a infall of intergalactic gas
takes place on the disk during galaxy’s life. Accord-
ing to Pilyugin & Edmunds (1996), the infall rate is
described by a function

A(t) = age™t/Tins |

where Tjns and ag are free model parameters.The ac-
creted gas has primordial chemical composition.

The star formation histories of disk components
were choosed in such a way as to order to a majority
of thick disk stars has been formed 10-13 Gyr ago
while thin disk stars would have ages less then 10 Gyr.

3. The results

The iron is predominantly synthesized by SNIa type
(intermediate mass stars in binary systems), while a

elements are synthesized by massive stars. Difference
in the stellar lifes mean that a-element enrichment
of interstellar medium takes place during several tens
million yrs and the iron amount in the interstellar
medium reachs to maximum in the first Gyr after
beginning of star formation. This allows to use [o/Fe]
ratio as an indicator of the star formation history
(Matteucci, 1992). And as the [a/Fe] ratio of the
thick and thin disk has a some distinctions we suppose
that star formation histories of the disk components
must be different. Therefore we will look for a such
parameters of the star formation history and accretion

rate ‘whose use gives the possibility to reproduce the

observed abundances of the thin and thick disk stellar
population of our Galaxy.

38.1. The thin disk

Fig.1 represents the predictions of thin disk model.
The ages in this paper were determined using the
Bertelli (1994) isochrones. Model predictions demon-
strated in Fig.l1 were obtained at the following star
formation parameters: Tio, = 1 Gyrs and Tsp, = 8
Gyrs. The parameter Tj,; determining the accretion
rate equals 5 Gyrs. The amounts of parameters were
choosed so that use of such parameters of the star for-
mation and accretion rate would give the possibility to
reproduce the observed data. It is assumed that the
age of the disk of our Galaxy equals 13 Gyrs (Cowan
et al., 1991).

As Fig.1 illustrates, the thin disk model with using
of above-mentioned parameter values reproduces the
[Mg/Fe] - [Fe/H] ratio quite well- the model track is
agreed closely with the line drawn by the least- squares
method through a cloud of points marked the positions
of the thin disk stars on the [Mg/Fe]vs[Fe/H] diagrams.
But the model don’t reproduce the averaged observed
data at the super-solar metallicities. The model pre-
diction for element abundances as a function of time is
noticeable worse — Fig.1 shows that the predicted abun-
dances of the thin disk model are lower on average as
compared with the Mishenina’s observations.

Obtained values of parameters of the thin disk evo-
lution are in a good agreement with parameters of the
best fit model of Pilyugin and Edmunds (1996) having
investigated the ”age - [Fe/H]” and ”age-[O/H]” ratios
and the solar neighbourhood metallicity distribution
function.

3.2. The thick disk

Predictions of the thick disk model are presented in
the Fig.2. The following parameters of thick disk evo-
lution were found: the star formation history Tiop = 1
Gyr, Tsgr = 5 Gyrs, and the gas accretion rate Tj,; =
7 Gyr. As Fig.2 shows, solid line of the prediction of
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Figure 2: [Mg/Fe] vs [Fe/H] and [Mg/H] vs age diagrams
for the thick disk of our Galaxy. The observed abundances
of thin and thick disk stars of our Galaxy (Mishenina et
al.(2004)) are marked by the small diamonds (the thin disk
stars) and the asterisks (the thick disk stars). The squares
are mean observed thick disk data in 10 bins with equal
numbers of stars.Dashed line is curve drawn by the least-
squares method in the observed data of the thick disk. The
prediction for the thick disk is indicated by solid line

thick disk model is in agreement with dashed line ob-
tained by the least-squares method from the results of
observations of relative abundance of Mg of thick disk
stars. Otherwise matter stands with an abundance de-
termination as a function of time. Unfortunately, the
number of stars belonging kinematically to the thin
disk exceeds distinctly the number of stars belonging
to the thick disk; among later there are not enough an
objects for which one can surely determine the ages.
Therefore, the trend in the "age - [Mg/H] ” diagram
for the thick disk stars is less obvious then its for the
thin disk stars.

3.8. Star formation history

An index of star formation history in a model is a
"gas fraction - time” relation since it indicates how
fraction of a galactic gas was converted to a stars and
during what time it will be.

The star formation history of the thick disk was
rather quick as the majority of the thick disk stars
was formed during 2 - 3 Gyrs and was almost stopped
above 10 Gyrs ago (Fig.3). On the contrary, the thin
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Figure 3: The gas fraction as a function of the time for
thin (solid line) and thick(dashed line) disk
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Figure 4: The metallicity distribution function. The dot-
ted line is the observed distribution obtained by Hou et
al.(1998), dashed line is the observed distribution obtained
by Jorgensen (2000), solid line is the prediction of thin disk
model
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o formation in the thin disk gone smoothly , gradually
ﬁ:coming to naught at our time.

"' It is necessary to note that the accretion of in-
tergalactic gas have played a noticeable role in the
evolution of the disk subsystems of our Galaxy. Model
line of the relative abundances of the thin disk stars
will change a location and approach to the thick disk
star region if mass of gas infalling on the disk at the
each accretion episode increases. In other words, the
more massive accretion in a unit of time is characteric
feature for thick disk evolution then for thin disk.

3.4. Metallicity distribution function

The prediction of model was compared with the
observations of metallicity distribution function of the
solar neighbourhood in Fig.4. It is known that 94 %
of solar neighbourhood stars belong to the thin disk
whereas remaining 6 % belong to thick disk population
(Robin et al., 1996). Therefore the metallicity distri-
bution function in Fig.4 was obtained in framework
of the thin disk model. Under above-mentioned
parameters of the star formation and gas accretion
in the thin disk, solid line reproduces quite well the
observed metallicity distribution function in the Fig.4.

4. Main results

1. It was found that the thin and thick disks has
a different star formation rates. The thin disk star
formation history is more smooth and quiet than its
for the thick disk of our Galaxy.

2. A gas infall plays an important role in an appear-
ance of chemical distinctions of Mg relative abundance
between the thin and thick disk - a inflow rate is more
intensive for the thick disk.
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