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ABSTRACT. This contribution is an overview of
three papers (Andrievsky et al. 2002a; 2002b; 2002¢)
devoted to the metallicity distribution in galactic disc.

1. Introduction

Tn recent years the problem of radial abundance gra-
dients in spiral galaxies has emerged as a central prob-
lem in the field of galactic chemodynar . Abundance
gradients as observational characteristics of the galac-
tic disc are among the most important input parame-
tors in any theory of galactic chemical evolution. Fur-
ther development,of theorics of galactic chemod.
ies is dramatically hampered by the scarcity of observa-
tional data, their large uncertaintics and, in some cases,
apparent contradictions between independent, observa-
tional resnlts. Many questions concerning the present-
day abundance distribution in the galactic disc, its spa-
tial properties, and evolution with time, still have to
be answered.

A sberl st of shindsics el i

galactic disk have been performed in
St obisinat ars rather digpersles. Eons 1 oo
tacablegradien o ather gt sl ofshout
~0.1dex

Lsually o Tollowing objects are used to derive
galactic_ abundance gradient: hot main sequence B
stars, HII regions, planctary nebulac, open ehisters.

Compared to other objects supplying us with an in-
formation about. the radial distribution of elemental
abundances in the galactic disc, Cepheids have several
advantages:

hey are primary distance calibrators which pro-
vide excellent distance estimates;

2) they are luminous stars allowing one to probe to
large distances;

3) the abundances of many chemical clements can
be measured from Cepheid spectra (many more than
from HIL regions or B stars). This is important for
investigation of the distribution in the galacti
absolute abundances and abundance ratios. Addition-
ally, Gepheids allow the study of abundances past
iron-peak which are not,generally available in HII re-
gious or B stars;

4) lines in Cepheid spectea are sharp and well-defined

which enables one to derive elemental abundances with
high reliability.

Asit was shown in Andricvsky et al. (2002a) - Pa-
per I, Andrievsky et al. (2002b) - Paper T the radial
abundance distribution within the region of galactocen-
tric distances from 4 to 10 kpc is best described by two
distinct zones. One of them (inner: 4.0 kpe <R < 6.5
kpe) is characterized by a rather steep gradient, while
in the mid part of galactic disc (6.5 kpe<Rg < 10.0
kpe), the distribution is essentially flat (e.g. for iron
the gradient, is d[Fe/H]/dRq ~ ~0.03dex/kpc).

As discussed in Paper I and Paper I, such a bimodal
character in th distribution may result from the com-

bined o e radial gas flow in the disc and the
vadial disuibution of the st ormation rate, Wo note
here that there are conflicting models of the galactic
structure, and that possibly the metallcity gradients
can help to decide which are the more likely ones. Ac-
cording to Sevenster (1999a; 1999b) and others (see
rel‘mncei in Paper I) the bar extends its influence to
a co-rotation radius at about 4-6 kpc. In contrast,
according to Amaral & Lépine (1997) and others, the
spiral arms extend from the Inner Lindblad Resonance
which s at about 2.5 kpe, to the Outer Lindblad Res-
onance, at about 12 kpe, and the co-rotation of the
spiral pattern is close to the solar galactic orbit. In the
iy o bar W it S0 s gt oot of
stars, and consequently, a small m¢
On the other hand, according to Leplne, Mishurov &
Dedikov (2001) and Paper I an interaction between the
gas and spiral waves in the disc forces the gas to flow in
opposite directions inside and outside the Galactic co-
rotation annulus. ‘This mechanism produces a cleaning
effect in the middle part. of the disc and consequently a
fattening of the metallicity distribution. At the same
time, a decreased star formation rate in the vicinity of
the galactic co-rotation, where the relative velocity of
the spiral arms and of the gas passing through these
arms is small, should also result in some decrease in
the abundances.

In Andrievsky et al. (2002¢) ~ Paper III we have
begun to investigate the radial abundance distribution
in the outer disc. The region of primary interest is at
a galactocentric radius Rg % 10 kpc, where according
to Twarog ct al. (1997) there exists a discontinuity in
the metallicity distribution. Such a discontimuity can
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Figure 1: The radial distribution of the iron abundance. Open circles - the data from Paper 1, black circles

- the data from Paper I, black triangles - Paper IIL.

2-¢ interval is indicated. The position of EE Mon is

indicated by filled asterisk. The Sun is marked by the intersection of the dashed lines.

be suspected from earlier works of Janes (1979), Pana-
gia & Tosi (1981) and Friel (1995). However, Twarog
et al. (1997) were the first to clearly stress this re-
sult. Twarog et al. used photometic metallicities (in-
terpreted to imply [Fe/H]) for a large sample of open
clusters, and they found that galactic disc breaks into
two distinct zones. Between R & 6.5 — 10.0 kpe they
found a mean iron abundance <[Fe/H]> of ~ 0 (i.c.,
the slope is very small, if present). Beyond R ~ 10.0
kpe the mean <[Fe/H)> is ~ —03. This implies a
sharp discontinuity at Rg ~ 10 kpc.

Recently, Caputo ct al. (2001) reported a simi-
lar result. Those authors calibrated BV1 data for a
large sample of galactic Cepheids (galactocentric dis-
tances from 6 to 19 kpc) as a function of metallicity
using non-linear pulsation models. Their results (al-
though not very reliable on a per star basis) suggest
that the derived metallicity distribution in the galac-
tic disc can be represented either by a single gradi-
ent of —0.05dex kpc ™!, or by a two-zone distribution
with a slope of —0.01 +0.05 dex kpc~" within 10 kpc
and —0.02 £ 0.02dex kpc™" in the outer region of the
galactic disc. In other words, within each region the
metallicity gradient is weak to no-existent, while be-
tween these regions a significant change of the metal-
licity/gradient does occur.

2. Radial abundance distributions: from in-
ner to outer disc

To make the picture on galactic abundance gradients
as complete as possible, one can plot data from Paper

I-IT together Figs. 1-5 display the derived dependen-
cies between the abundances of 25 chemical elements
and galactocentric distances. As the iron abundances
are the most reliable we will concentrate our discussion
on the iron gradient d[Fe/H]/dRg.

3. Discussion
3.1, Iron abundance gradient

Distances can be separated into three zones: the in-
ner part of the galactic disk (gradient d[Fe/H]/dRg ~
—0.13::0.03 dex kpc™"), the mid part of the disk (gra-
dient &~ —0.02 £ 0.01 dex kpc™), and a piece of outer
disc. For the latter we derive a gradient —0.06 +0.01
dex kpe™ and a mean [Fe/H] & —0.19+0.08 dex. The
gradient for each zone was derived from a least-squares
fit using the weighted data. Thus, the abundance dis-
tribution over the galactocentric distances 4-10 kpc
cannot by represented by a single gradient value. More
likely, the distribution is bimodal: it is fatter in the so-
lar neighborhood with a small gradient, and becomes
stecper towards the galactic center. The steepening
begins at the distance about 6.5 kpc.

The transition zone at 10 kpc can be easily identi-
fied in Fig. 1. After this point the metallicity drops by
approximately 0.2 dex. All the stars in the bin beyond
10 kpe are iron-deficient. The same result is seen in
Fig. 3ab of Twarog et al. (1997) which shows their
open cluster metallicity values as a function of galac-
tocentric radius. It should be noted that the sample
of open clusters used by Twarog et al. consists of the
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Figure 2: Same as Fig. 1, but for clements C-Si
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Figure 3: Same as Fig. 1, but for elements $-Cr
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Figure 4: Same as Fig. 1, but for clements Mn-Y
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Figure 5: Same as Fig. 1, but for elements Zr-Gd
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clusters with ages spanning from 1 to 5 Gyr. Thus,
the youngest clusters used for the gradient study are
approximately 10 times older than Cepheids. By com-
paring the iron abundance gradient from Cepheids with
that from open clusters one would, in principle, esti-
mate how the abundance gradient evolved with time.
Nevertheless, in practice it is difficult to realize, be-
cause any conclusion will suffer from the rather high
uncertainty of the open cluster data. The only we can
state confidently is that the discontinuity of the metal-
licity distribution has really survived over several Gyrs,
until now.

3.2 A possible explanation for some observed fea-
tures

Recently Mishurov et al. (2002) produced a detailed
model of chemical evolution of the galactic disc, taking
into account the effect of co-rotation, to explain our
data presented in Papers I and II. The new data pre-
sented in Paper I11, suggest that the model of Mishurov
ot al. (2002) is basically correct, but that the co-
rotation radius should be slightly shifted to about 10.5
kpe. The discontinuity in the metallicity distribution
at 10 kpc is possibly explained by the gap in the gas
density distribution that is associated with co-rotation
(see Lépine, Mishurov & Dedikov (2001). If we divide
the Galactic disc in a large number of concentric rings,
the gas from neighbouring rings tends to mix due to su-
pernova explosions, stellar winds, eloud collisions, ctc.,
that do not respect the frontiers between concentric
rings. This mixing is equivalent to a diffusion term,
and tends to smooth out metallicity gradients in the
gas (and therefore, in recently formed stars). However,
the gas density gap associated with co-rotation, which
is observed in the 21 em hydrogen line as discussed by
Lépine, Mishurov & Dedikov (2001) is possibly a bar-
rier that avoids contact between the gas at Rg > Re
and Rg < R and allows the existence of two distinct
zones.
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