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Abstract. This paper reports on the spectroscopic investigation of 12 Cepheids which are situated in the crucial region of galac-
tocentric distances from 9 kpc to 12 kpc, where according to our previous results (Andrievsky et al. 2002c; Luck et al. 2003)
the radial metallicity distribution experiences an obvious change. In particular, the wriggle in the iron abundance distribution is
found to fall approximately at galactocentric distances 10-11 kpc (assuming galactocentric distance oRthe Sut® kpc).

Within the transition zone from 10 to 11 kpc the relative-to-solar iron abundance decreases approximately to —0.2 dex. The new
sample of stars, analyzed in present paper, gives results supporting the previous conclusion about the multimodal character of
the metallicity distribution in galactic disc. Using a quite simple consideration of galactic chemical evolution we show that the
observed distribution can be explained in the framework of a model which includes the spiral arms. In particular, the wriggle
feature associated wifR; ~ 11 kpc can be interpreted as a change of metallicity level in the vicinity of the galactic corotation
resonance.
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1. Introduction approximately 10-11 kpc. Twarog et al. (1997) also found such
) ) _a change (discontinuity) which is imprinted in the metallicity

In two previous papers (Paper Ill and Paper 1V) from this Seriggstribution from open clusters. A similar conclusion has been
(Andrievsky et al. 2002a, 2002b, 2002¢ — Papers I, I, Il regqq reached by Caputo et al. (2001) for galactic Cepheids, al-
spectively; Luck et al. 2003 — Paper IV) we described the Chft‘ﬁbugh with a rather high uncertainty.
acteristic features of the metallicity distribution across galac- Any structure within the metallicity distribution, such as
tic disc, as derived from Cepheid variable stars. In Papers dlly qetected step-like metallicity change, if it is proved to be
and IV we noted that there is an apparent step-like charagier may have some important consequences for scenarios of
in the iron (and also some other elements) abundance distriQils tormation and evolution of our Galaxy. However, before
tion, and the wriggle (or change in the slope) of the abundangg,ating the impact of the structure in the metallicity distri-
distribution is associated with galactocentric distances aroufidion on the galactic models, it should be completely proven
that a wriggléslope change ne&ls ~ 11 kpc does really exist.
Send gprint requests toS. M. Andrievsky, For example, it is not impossible that such a feature could be
e-mail:scan@deneb. odessa.ua an artificial result from a statistically limited sample of distant

* Based on spectra collected at the 3.6-m Canada-France-Hawglipheids, and thus may not be seen for a larger sample of stars.
Telescope. L . . _ On the other hand, even being real, the slope change may turn
*x Taple Al (Appendix) is only available in electronic form at theOut to be a purely local phenomenon, which results from a pos-
CDS via anonymous fip to . sible short-scale inhomogeneity in the disc, and thus seen in a
cdsarc.u-strashg.fr (130.79.128.5) orvia . .
http://cdsweb.u-strasbg. fr/cgi-bin/qcat?]/A+A/413/159 restrlcted Iongltuc_ial range. It sh_ould be noted that our _sample
*** Visiting astronomer, Canada-France-Hawaii Telescope, whichQb distant Cepheids examined in Papers Il and IV is in fact
operated by the National Research Council of Canada, the Ceflidsed on the basis of the galactic longitude, so that the great
National de la Recherche Scientifique of France, and the Universiigjority of investigated stars fall in the regionlofrom 190
of Hawaii. to 250 (it is interesting to note that all distant open clusters
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investigated by Twarog et al. fall in the same regibfrom 200
130 to 260). Nevertheless, even for a limited region of galac-
tic longitudes, the existence of a discontinuity, and its exact
position, has to be precisely established. 150 L . ]
With this aim, we present the results of the abundance . m .
determination for 12 galactic Cepheids that have not been ]
investigated spectroscopically before (at least for detailed ele- w | 1
mental abundance determination). These stars have galactoceng G ;
tric distances placing them within the crucial region between £ ]
Rz ~ 9 kpc and 12 kpc, where the feature in the metallicity & o "% ]
distribution is seen. ]

mA

DIE)

2. Observations and data reduction o . . . . . . .
0 50 100 150 200

The observations were carried out on 1-5 February 2003 EW (CFHT), mA
with the 3.6-m Canada-France-Hawaii Telescope. The fiber—ﬁ_elg 1. Equivalent widths comparison forPer
Gecko spectrograph equipped with EEV1 2648500 CCD o '
(binned 2x 2) was used. The resolving power provided by this
combination was about 50 000. For each program star six cefre, and that spectrum was then used for analysis. The atmo-
secutive non-overlapping spectra were secured. They are Gfheric parameters for each star were determined at the pulsa-
tered at 6040 A, 6130 A, 6220 A, 6310 A, 6400 A and 6490 Ajonal phase which corresponds to the beginning of the fourth
and the length of each fragment is about 80 A. exposure. Since the total exposure time constitutes only about
As a rule, the exposure time for one spectrum was 30 mifew per cents of the pulsational period, we consider the de-
The estimated/N ratio at the continuum level depends upofived parameters to be representative for the whole combined
the wavelength interval, and varies for each star in the rangsectrum.
from about 70 to 150, with one exception (V335 Aur) where
theS/N is about 40. .
Table 1 contains some details concerning our programt- Distances

Cepheid observations, as well as some information about ecifically, for the determination of the Cepheid galactocen-

physical properties of Cepheids themselves (see next sectiaf} distance the following formula was used:
The spectra were extracted from the raw frames using stan-

dard IRAF procedures including correct scattered light subtrags - [R2 + (d cosb)? — 2Rged cosh COS|]1/2 Q)
tion. They were continuum normalized, wavelength calibrated,
and had equivalent widths measured using the WINDOW®ere Rs — galactocentric distance of the Sun (7.9 kpc,
compatible DECH20 package (Galazutdinov 1992). McNamara et al. 2000)d — heliocentric distance of the

Since the Gecko spectrograph has not been used previo@stpheid] andb — galactic longitude and latitude respectively.
for this study, a comparison of independently measured equiv- To obtain the heliocentric distances we use:
alent widths in the spectra of program stars would be desirable. 02

A _ .2(My—<V>-5+A,)

Because none of our Cepheids has been observed beford aft0" )
high resolution, such a comparison was performed for the well- . )
studied stap Per which was included in the list of our programgLnd (Laney & Stobie 1993):
stars specifically for this aim. Our equivalent widtf8X) for A, = [3.07+ 0.28(B - V) + 0.04E(B - V)] E(B - V) ©)
this star have been compared with those measured from the
ELODIE spectrum having the resolving power 40 000 (1.93-whereM, is the absolute magnitude,V > is the mean visual
telescope of Haute-Provence Observatoire, France). As seemagnitudeA, is the line of sight extinction.
Fig. 1, the independent data are in excellent agreement. To estimate the absolute magnitude we used “absolute mag-
nitude — pulsational period” relation (Gieren et al. 1998). Other
input data for Eqgs. (1)—(3) such as galactic coordinates, pul-
sational periods, mean visual magnitudes, colorsti(i}- V)
values were taken from Fernie et al. (1995). Galactocentric dis-
In Paper | we gave a thorough description concerning tk@nces for program stars are listed in Table 4.
method of determination of the atmospheric parameters, el-
emental abundances, and estimating the galactocentric %‘%
tances. The same methods were also used in Papers IV from
this series. It should be noted that because each observed shffective temperatures of program stars were determined with
trum spans only 80 A, and because for each of our progrdig—line depth relations (Kovtyukh & Gorlova 2000), and their
stars six spectra were secured successively (the total expogmaeities were found using the method developed by Kovtyukh
time is about 3 h), these spectra were combined into a singléndrievsky (1999).

3. Atmospheric parameters, abundances,
and distances

. Fundamental parameters and abundances
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Table 1. Program stars: details of the observations and atmospheric parameters.

Star <V> Date JD2452670 P, d @ T, K logg Vi, kms?
V335 Aur 12.46 1 1.7867 3.41325 0.622 5750 2.20 3.5
AD Gem 9.86 1 1.9056 3.78798 0.#18 5784 2.15 4.3
TW CMa 9.56 1 1.9919 6.99507 0.059 6142 1.80 3.9
MM Per 10.80 2 2.7947 4.11841 0.358 5746 2.15 3.4
VZ CMa 9.38 2 2.9498 3.12623 0.7%7 6542 2.50 3.6
AO Aur 10.86 3 3.7748 6.76301 0.707 5459 1.70 3.6
AA Gem 9.72 3 3.8905 11.30233 0.625 5126 1.40 4.4
RY CMa 8.11 3 3.9771 4.67825 0.897 6096 2.10 4.3
RZ Gem 10.01 4 4.7804 5.52929 0.825 5906 2.20 3.1
DX Gem 10.75 4 4.9235 3.13749 0.353 6096 1.90 2.8
BB Gem 10.90 5 5.8050 2.30821 0.389 6035 2.40 3.0
Uy Mon 9.39 5 5.9428 2.39797 0.6¥Y4 6181 2.20 2.7

u Per 4,18 2 2.8904 - - 5331 1.50 3.2

Date — February 2003.

JD andg are given for the beginning of the fourth spectrum exposure.

Phases are calculated with elements fréi8chmidt et al. (1995, Szabados (19919,Vinko (1991),¢ Berdnikov et al. (1997) Moffet
& Barnes (1985)! Bersier et al. (1994).

In the Appendix (Table Al) abundances for the stars of ..,
the present sample derived from lines offelient ions are
given along with statistical information about the abundances. ]
Averaged abundances are given in Tables 2 and 3. As usual, 6000
the reference (i.e. solar) abundances are adopted following
Grevesse et al. (1996). ]

It should be noted that abundances of such elements as C, 20007
O, Na, Co and heavy species are found from a very limited 5
number of lines, mainly because of the limited observed spec-
tral region. Nevertheless, we consider those abundances to be
rather reliable, because the lines used in present study had been 4000
also used by us in our previous studies (Papers |I-1V), and they
did not display any anomalous behaviour compared to other
lines of the considered elements. ]

The position of all Cepheids investigated by us (Papers I— 10000 -
IV, and present study) with respect to the Sun is shown in Fig. 2.

Note that together with the present sample of program stars, Hig 2. Position of all investigated to date Cepheids (Paper I-1V, and
total number of Cepheids, that have been used in our galagtiesent study) with respect to the Sun (in the origin). The sizes of cir-
abundance gradient studies, is 122 stars. The tendency ofaigé represent the derived individual iron abundance: the larger size,
metallicity to decrease towards the larger distances in the e higher metallicity. Galactic center position is indicated by the
rection of galactic anti-center is obvious, although in this r&©ss:

gion a few stars with rather high metallicity can also be found

among the low-metallicity Cepheids. Figure 2 shows that ogf,o atmospheric ratio [Ee] = +0.41 dex for this star appar-
sample of investigated Cepheids is biased. More observati%my exceeds that of SV Vul, for which Luck et al. (2001) have
are needed in order to cover the galactic field in other dir%’und [CFe] ~ 0 dex, and on this base classified SV Vul as a
tions, and thus to investigate the longitudal behaviour of the,nheid that is crossing the instability strip for the first time.
metallicity in galactic disc. A solar abundance of carbon is unusual for Cepheids, and the
present case deserves a special separate study with a larger
number of carbon lines.

Those elements in our program stars whose abundances are
Based on Tables 2—4, and results of Papers |-V we construdieded on a significant number of lines (Si, Ni) do not result in
the radial distribution of the elemental abundances. Figureadditional increase of the scatter, thus the final abundance dis-
presents such a distribution for iron, and Figs. 4—6 for oth&ibutions of these elements (shown in Figs. 3—6) remain rather
elements. tight.

One should note a remarkable carbon overabundanceln this study we did not derive the abundances of Mg, Al,
found in a metal-deficient Cepheid AA Gem (Fig. 4)Cu, Zn, Y and Gd (as it was done in our previous papers)

8000

4000 +

2000

6000

8000

4. Abundance distributions
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Table 2. Averaged relative-to-solar elemental abundances for program Cepheids: C—Mn.

Star C @) Na Si S Ca Sc Ti \% Cr Mn
V335 Aur - - -015 -0.27 - - - - - - -0.34
AD Gem - -036 007 -024 -042 -0.17 -0.06 -0.08 0.11 -0.09 -0.25
TwCam -0.68 -0.16 -0.03 -0.10 -0.38 -0.19 -025 014 0.10 -0.11 -0.23
MM Per -0.26 -0.08 0.07 -0.07 -0.04 -0.05 -0.09 0.00 -0.17 -0.08 -0.10
VZCMa -034 -039 016 000 -0.27 -0.06 -0.14 0.03 022 0.01 -0.06
AO Aur - - -003 -024 -051 -035 -034 -0.04 -016 -0.25 -0.28
AA Gem 0.17 007 010 -0.22 -028 -0.21 -0.15 -0.08 -0.31 -044 -0.38
RYCMA -0.27 -030 0.16 004 -023 -0.02 -0.14 016 015 0.08 0.04
RZ Gem -0.32 -0.23 -0.06 -0.13 -0.33 -0.27 -0.13 -0.02 -0.12 0.00 -0.22
DXGem -042 -0.28 0.17 001 -0.19 -0.05 -0.03 0.02 -0.03 010 -0.11
BBGem -031 -045 013 -0.07 -037 -0.31 -0.10 024 012 0.06 -0.20
UuY Mon -0.28 -0.24 013 -0.08 -0.22 -0.07 -0.04 019 0.09 0.01 -0.19
u Per -0.11 -021 018 0.01 -0.13 -0.02 -0.15 006 -0.03 -0.21 -0.02
Table 3. Same as Table 2 but for Fe—Eu.
Star Fe Co Ni Zr La Ce Nd Eu
V335 Aur  -0.27 - 0.05 - - - - -
AD Gem  -0.19 - -0.18 - 005 -011 0.22 0.04
TWCam -0.18 - -0.05 -0.10 0.28 -0.04 044 -0.15
MM Per -0.01 -0.03 -0.15 -0.16 0.18 0.06 044 -0.08
VZCMa -0.06 - -0.02 -0.18 0.33 -0.02 041 0.22
AO Aur -0.14 0.06 -0.19 - 016 000 0.29 -0.19
AAGem -024 -035 -0.11 003 037 -0.05 045 0.16
RY CMA 0.02 012 0.02 -0.09 020 -0.31 0.34 -0.08
RZzGem -0.12 -0.06 -0.07 -029 032 0.01 0.36 0.00
DX Gem  -0.02 - -011 -0.12 041 001 042 0.04
BBGem -0.09 008 -009 -012 022 031 012 0.14
UuYMon -0.08 029 -0.03 -0.05 032 -027 042 -0.06
u Per -0.01 -0.19 0.08 -021 0.01 -019 0.23 -0.15
Table 4. Physical and positional characteristics for program Cepheids.
Star P,d d,pc | b Rs kpc [FeH]
V335 Aur  3.41325 4180 172.22 3.98 12.04 -0.27
AD Gem  3.78798 2772 193.27 7.63 1059 -0.19
TWCMa  6.99507 2549 229.12 0.12 9.76 -0.18
MM Per  4.11841 2664 150.41 -5.29 1029 -0.01
VZCMa  3.12623 1252 239.86 -4.44 8.59 -0.06
AO Aur  6.76301 3939 177.61 1.99 11.83 -0.14
AAGem 11.30233 3709 18459 2.70 11.60 -0.24
RYCMa  4.67825 1233 226.01 0.28 8.80+0.02
RZ Gem 552929 2016 187.72 -0.09 9.90 -0.12
DX Gem  3.13749 2467 198.07 2.76 10.27 -0.02
BB Gem 2.30821 2808 199.40 2.26 10.59 -0.09
UY Mon 239797 2016 205.17 6.00 9.75 -0.08

because of the lack of available lines of these elements in thetallicity distribution atRg ~ 10-11 kpc does really exist. If
observed spectral region. we arbitrarily divide the whole range studied onto three parts
(zone I: 4.0-6.6 kpc, zone II: 6.6-10.6 kpc, and zone IIl: 10.6—
14.6 kpc, EE Mon is excluded), then the statistics for each zone
are the following (Fig. 3 for the iron — our most reliable distri-

The existence of the change in the metallicity distributiobnuuon):

around 10-11 kpc was reported in Paper Ill, and statistically Zone |

grounded for many elements in Paper IV. Our new abundances|Fe/H] = —0.128(0.029)x Rg + 0.930(0.170)
from the twelve new Cepheids located in the crucial region, <[Fe/H]> = +0.174 (s.d= 0.129, s.e= 0.022)
outside the solar galactic orbit, suggest that a wriggle in the T '

5. Discussion
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[Fe/H]

Fig. 3. The radial distribution of the iron abundane@pen circles-
the data from Paper | (the positions of some stars were corrected taking
into account the results on abundances from Paperddyk circles
— the data from Paper Iblack triaryles and black squares- re-
sults from Paper IV combined with data from Paper lll. Results from -05
present study are shown by thed filled circles 2o~ interval (stan-

dard deviation) is plotted for each star except for a few stars denoted as
black squaregsee Paper IV for explanation). The position of EE Mon = ° "o 9 589
is indicated byfilled asterisk Linear fits &olid line9 are shown for

three zones (see discussion in the text).
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Fig. 4. Same as Fig. 3, but for elements C-Ca.The typical individu

20 interval is indicated.

Zone

[Fe/H] = —0.044(x0.004)x Rs + 0.3630.032)
<[Fe/H]> =-0.012 (s.d= 0.078, s.e= 0.005)

Zone

[Fe/H] = +0.0040.011)x R; + 0.256(0.130)

<[Fe/H]> = —0.209 (s.d= 0.058, s.e= 0.008).
As one can see, the mean metallicities for these zonesféee di edge about the galactic disc properties? Below we give a sim-
ent. The diference in the slopes and mean metallicities acrgsie consideration of this problem in the framework of galactic
the disc is traced in the plots for e.g. Si, S, Ca, Ti, Cr, Mchemical evolution that may help to answer these questions.
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Fig. 5. Same as Fig. 3, but for elements Sc—Co.

Ni (Figs. 4-6), and also supported by Fig. 7 which shows the
smoothed data on iron abundance distribution. The smoothing
is performed using the locally weighted polynomial regression
(LOWESS) method.

The paucity of stars in Figs. 3—7 at a galactocentric radius
of about 11 kpc is not due to a failure in the study to deter-
mine abundances for such stars but due to a lack of such stars
as is demonstrated by Fig. 8 where we plot the galactocentric
r?dius of 425 classical Cepheids from the Fernie et al. (1995)
ca;atalogue with known parameters & € V), E(B - V), etc.

The distances for these stars were calculated in the consistent
way used in Papers I-1V, and also in the present paper. There
is a clear gap at a radius of about 11 kpc. Why such a gap

should exist is perhaps related to the corotation resonance (see
Discussion).

What could be the reason for the complicated character of
the metallicity distribution, and how significant is the detected
structure of the metallicity distribution for enlarging our knowl-
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and approximationsis quite numerous. Itis beyond the scope of
this paper to give a thorough description of all the models that
have been presented. Nevertheless, it is worthwile to mention
a few recent papers where the principal points of the theoreti-
cajobservational basis of such models can be found.

Boissier & Prantzos (1999) considered the galactic chem-
ical evolution with the star formation rate in a Schmidt-type
form, which in addition includes a factor that depends upon
galactocentric distance. They assumed that the infall rate is ra-
dially dependent (gradually increasing towards larger galacto-
centric radii). The authors succeeded in fairly well reproducing
a number of the observational characteristics of the galactic
disc. Further application of this model was described in Hou
et al. (2001).

Chang et al. (2002) used a star formation rate that is de-
termined by the energy balance between energy injection from
SNe stars and energy dissipation in gas cloud collisions. Two
gas infall rates were used — an exponential and a Gaussian form.
As these authors pointed out, the chemical evolution and the re-
sulting abundance gradients aréelient in the inner and outer
parts of the Galaxy.

In a series of papers, Portinari & Chiosi (1999, 2000) an-
alyzed radial abundance gradients and gas profiles. They con-
sidered various star formation laws (the power Schmidt law, the
Oort law, but in a form which includes the facia(tf, similar to
Boissier & Prantzos). According to a very important note in the
first paper, none of the star formation laws considered was able
to reproduce the observed metallicity gradient across the whole
galactic disc. In the second paper Portinari & Chiosi incorpo-
rated radial gas flows in order to better reproduce the observed
radial abundance distribution. Since the actual profile of the ra-
dial velocity of the gas flow for large distances is not known,
some simple examples of the velocity profile were considered.
In addition, the authors estimated the influence of a galactic
bar on the chemical evolution of the inner disc. Results ob-
tained with the model including radial gas flows appeared to be
more promising. Earlier, Thon & Meusinger (1998) presented a
model of galactic disc evolution which includes as an essential
ingredient gas flows triggered by viscosity in the disc.

Abundance gradients and the Milky Way formation history
were considered in a detailed study by Chiappini et al. (2001).
The model created by these authors includes two gas infall
episodes from the halo, the star formation rate in a modified
Schmidt form, and a radial dependence of the characteristic
time of infall. With a reasonable set of input parameters, this
model is able to reproduce quite well the observed radial oxy-
gen abundance distribution. Recently, Matteucci (2003) sum-
marized the basic assumptions used for models of chemical
evolution, and described the most essential results obtained to
gresent in this field.

Fig. 8. The distribution of 425 galactic Cepheids on galactocentric r Despite progress in the understanding of the evolutionary

dius. Each star is represented by a thin black vertical line.

5.1. Recent results from the galactic models
of chemical evolution

properties of our Galaxy, and the numerous and quite success-
ful attempts to reproduce some of the observational charac-
teristics of the galactic disc, some work in this direction still
remains. None of the previous models addressed the disconti-
nuity discussed in our previous sections. Our primary goal is

The bibliography of papers devoted to the elaboration of galao-address this specific point by using a quite simple scheme to
tic chemodynamical models based orffelient assumptions estimate the role of spiral-arm triggered star formation, and to
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demonstrate the capability of such a simple model to explain ~ '® oo Tt
some of the characteristic features of the radial metallicity dis- N o
tribution. g R

0 NN e Q+r/4

g 60 I \‘\ ‘\*, e Q+r/2 |
5.2. Model assumptions z ) \

o] L e 4
A metallicity distribution with diferent slopes and fierent 2 *'[~_ N
mean values within the fierent intervals of galactocentric dis- :‘;;’ 2 7T ) T R
tances could reflect some specific conditions in the disc, and & I B ERRES W e
may be shaped due to the various dynamical phenomena. For | | s, w o, oo, ool R
instance, it was demonstrated by Lacey & Fall (1985), who 4 6 8 10 12 14 16 18 20

. . . . . galactocentric distance (kpc)
considered the influence of radial gas flows (with schematic

velocity profiles) on disc chemical evolution. Under special abig. 9.Angular velocity vs. galactocentric distance, and the position of
sumptions they succeeded to obtain in the calculations a metgfonances. Two values of the pattern speed (20 and 27'kps*)
licity distribution with a rather complicated character. The cadé® marked with twa_sohd horizontal lines. The resonances attributed
of discontinuities (break in the slope) in the radial abundan{® "€ lower and higher value of the pattern speed are shown by
- . . - . red vertical linesandbluevertical linesrespectively.
gradients derived from I regions has been discussed in the
context of bar corotation radius for a few galaxies (Martin &
Roy 1995; Roy 1996). Friedli et al. (1994) considered the in- ) ) ) )
fluence of bars on chemical composition in disc galaxies, aftF 2 are shown (the diagram is based on the galactic rotation
gave an explanation of the observed breaks. Pilyugin (2068)ve from Allen & Santillan 1991).
gave a critical consideration of this problem, and claimed an The actual value of the pattern speed for our Galaxy is
artificial origin of the reported bends or discontinuities in thétill debated in the literature. In the last decade it was real-
slopes. Nevertheless, one should note that the paper of Pilyugff! that®, should be significantly higher than originally pro-
(2003) presents an alternative point of view, and at present RRsed by Lin et al. (1969, = 11-13 km s* kpc™; but at
conclusion cannot be treated as already proven fact. The auth§rsame time, there is at present no consensus about the ex-
doubts the reality of the bends of the slopes which are derivaéf value of this important parameter of the galactic model.
from the spectra of ki regions using the traditional method. If-or example, according to Marochnik et al. (1972), Zr&
fact, this conclusion (if true) may only indicate that the resulfdennessier (1973), Byl & Ovenden (1978), Mishurov et al.
based on this particular method could be unreliable, but stricth279), Pavlovskaya & Suchkov (1980) and Amaral &gine
speaking, it does not mean that bends do not exist. (1997), the pattern speed in our Galaxy is in the range from
Among other reasons, the appearance of some peculig-t0 23 km s' kpc*. The most recently proposed value of
ities in the radial abundance distribution could be partialfp€ pattern speed (Pichardo et al. 2002; Bissantz et al. 2003) is
connected to spiral structure and resonance phenomena in‘thes 20 km s kpc in line with the previous result. However,
galactic disc. Spiral structure may influence the star formatishsome work a highef, value has been found. For example,
rate across the disc, and thusegt the metallicity level at a Avedisova (1989), Mishurov et al. (1997)epine et al. (2001),
given galactocentric distance, while the resonances may repr@tnandez et al. (2001) obtained a pattern speed in the range
sent some kind of potential barrier in certain parts of the galagé—30 km s* kpc™.
tic disc preventing the galactic gas from flows in the radial di- It is worth noting that Bissantz et al. (2003) emphazise
rection, thus, preserving aftérence in the mean abundanceiat the real dierence between their two theoretical models
between the separated zones. As a result, some change of@h&p = 20 and 40 kms' kpc™* “are too small to determine
slope of the metallicity distribution could be expected in thé&e spatial arm pattern speed reliably”. Thus, the existing ob-
vicinity of resonances. servational and theoretical methods do not provide enough ac-
A galactic spiral structure model uses as input parameuracy to discriminate between the two possibilities of pattern
tersQ(Rg) — the angular velocity of the fierentially rotating Speed value. Unfortunately, an accurate as posS&iphalue is
disc,Q, — the angular velocity of the spiral pattern, arfs) necessary to determine the exact positions of the resonances in

icveli 211/2 alactic disc.
— the epicyclic frequenc(/K(RG) = [4Q(RG) n RGd%(sGG) ] ) g

) _ i With  the lower value of the pattern speed
With the number of spiral arm®, the resonances (ILR — inner

_ _ ~20 km s?! kpc?), the resonances appear at the follow-
Lindblad resonance, OLR — outer Lindblad resonance, and ¢ galactocentric distanceRzr ~ 10.9 kpc,Rir ~ 6.9 kpc

— corotation resonance) appear under the following Conditio?ﬁiur-armed disc),Roir ~ 144 kpc (four-armed disc)

Qp = Q(Rs = Rir) — x(Rs)/m, (4) Rowr ~ 17.7 kpc (two-armed disc). These values appear to
be surprisingly close to those galactocentric distances that

Qp = Q(Re = Ror) + «(Rg)/m, (5) roughly separate individual regions on the smoothed curve

Qp = Q(Rs = Rer). (6) of the metallicity distribution (Fig. 7). The first region has

a larger slope, and it is separated from the second region at
In Fig. 9 the behavior of the disc angular velocity, as well as iR ~ 6.5 kpc. The second and third regions both have the
combinations with epicyclic frequency for two cases- 4 and small slopes, and they are separatedRat ~ 10-11 kpc.
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Outside of 15 kpc, the galactic disc is not sampled, but o@®nstantC and powelrk are specified belowy is an inverse
of our program Cepheids gives a hint that the metallicity magharacteristic distance for the infall rate in the disf(tvas
drop further in this region. adopted to be 4300 pc).

With the higher value of the pattern speed the resonancesThe latter Eq. (11) is the same as used by Lacey & Fall
are shifted towards smaller galactocentric distances. In t(i®85) with the present-day mass of the galactic tigc= 6 x
case, the wriggle at 10-11 kpc may mark not the CR, as 16'° M., the age of Galaxy, = 15 Gyr, and the characteristic
the example considered above, but instead the OLR positiime of infall 7. In our calculations Egs. (10) and (11) were
For this case to be valid, the required pattern speed shouldnbedified, as described below.
close to 27 km ' kpc™ (see Fig. 9), which is exactly within ~ Since it is commonly assumed that star formation may
the limits of estimates made by the authors claiming the highse partially triggered by gas deceleration in spiral arms, the
value ofQ,. The higher value®, is about 27 km 3! kpcl), star formation rate at a given galactocentric distance should
gives marking circles in the galactic disc with the followingherefore depend not only on the local surface gas density
characteristics (see Fig. 9Rcr ~ 8.3 kpc, Rir = 5.0 kpc (Schmidt's law), but also on theftierence of the angular veloc-
(four-armed disc)Ro g =~ 11.0 kpc (four-armed discRoLr ~  ities of the gas and spiral arms (Roberts 1970, 1972). The larger
13.6 kpc (two-armed spiral model). the diference, the higher the gas compression, and the corre-

Since the resonances may represent some kind of potergfadnding star formation rate. It is quite likely that our Galaxy
borders for the gaseous component of the disc, and the ILR andy be described by a combination four- and two-armed mod-
OLR may also limit the star formation rate, it is likely that thels, as proposed e.g. by Amaral &pine (1997). To take these
mean metallicities (and the slopes of metallicity distributiorgircumstances into account, we introduced instead of Eq. (10)
should difer on either side of each border. To check this sufhe following expression:
position, one should compare the calculated metallicity distri- K
bution, which is based on the galactic model with spiral arms,~ Crg(1+A), (12)
with our observational data showing some features associaigg
with certain galactocentric distances. One can try to specify the I2(Rs) — QulRs
actual value of the pattern speed using our abundance distriiu= (.6, + 6291)—p,
tion data. Cs

For a simple consideration of the galactic disc chemicaheree; ande, are optionally introduced factors which de-
evolution in conjunction with some of its dynamical charadine an dficiency of the star formation in the 4- and 2-armed
teristics, we have analyzed the following system difediential spirals respectively, the cutidactorsd; andé, are used fol-
equations describing the time variations of the star and gas dawing Mishurov et al. (2002), ands is the sound speed in

(13)

face densities, and galactic gas metallicity: the ISM (i.e. turbulent speed of the clouds). As pointed out by
dus Englmaier & Gerhard (1997) the sound speed in the ISM is of
o (1-Ry (7)  the order of 10-30 km$, therefore we adopted an intermedi-
ate value of 20 km3.

% =—(1-Ry+f (8) In our calculations we used two fterent values for the

dt efficiency parameteg;: 0.10 and 0.20 and,: 0.05 and 0.10

dz/y (accordingly to Oort 1974, thedficiency of the star formation

Mo=5 = A -Ry - 1Z/y, (9 induced by the gas deceleration in spiral arms is small). It has

whereps and ug — are the surface densitVg pc?) of the been also assumed that both 4- and 2-armed patterns rotate with

stars and gas respectiveljy — the gas metallicity normal- the same angular velocity.

; . ; : According to our definitiongy 7 is equal to zero in the re-
ized to the yield of primary elements (following Maeder 199§i0ns where the spiral pattern cannot exist (inside the ILR and

we Qenot_e § as a net yield which is normalized to _the Mas3utside the OLR circles). At the same time, between the reso-

confined in the stellar remnants),— the star formation rate . . -

(Mo pc2 Gyr-1), R— the fraction of returned material to thenance circleg; » = 1 (see Fig. 9 for the posm_on of res_onances).

ISI\?I f —infall r:':lte M, pc2 GyrY). The metallicity of the It should be noted that the star formation rate in the form

infaliin material was ;efto Ze% ' y given by Egs. (12) and (13) has not been used before in the
9 ’ ‘%terature. The principal modification is that we propose to use

This system is similar to that described by Tinsley (1980 combined form for the star formation rate, while as a rule
It has been analyzed in detail by Lacey & Fall (1985), but wi ’

the space derivate terms on the right sides that depend upon Iﬂ']%mpm parameter has been used either in the Schmidt form,

velocity of the gas radial flows (not considered in the pres %{mlar o Eq. (10), or in Oort's form, where it is assumed to
paper)y 9 Preselt the monotonically decreasing function of the galactocentric

. . . . distance~Rz! (see the recent review of Matteucci 2003). In
The basic equations representing the star formation and in- ; ) o

N contrast with a simple Schmidt’s law, where the star forma-
fall rates are the following:

tion rate depends only upon the surface gas density, or with a

W= C,u‘g‘ (10) modified form used by Mishurov et al. (2002) in which the star
) formation is bound only to that part of the disc where the spiral
o9 Mp exptaRs —t/7) | (11) Pattern exists, and the star formation rate becomes negligible

2n r[l— exp(—tp/r)] near to the corotation circle, our form allows star formation
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near the corotation circle, as well as at distances larger thanThble 5. Input parameters for considered models.
OLR position. (There exist obvious observational signs that the
star formation process in our Galaxy is ongoing at rather large  Model  k Cc A 17,Gyr @ 51
galactocentric distances, e.g. an existence of distant anti-center 10 0.2 no 6

Cepheids.) Since near the CR the tekris small, the star for- 10 02 yes 6 0.10 0.05
mation in this specific region is well reproduced by the Schmidt 10 02 no 7(Re)

power law. One has to note that a decreased star formation rate 1.0 02 yes 7(Rg) 010 005
near the corotation resonance may result in the gap on the radial i'j 8‘1 neos % 010  0.05
distribution of the Cepheids, which is actually seen in Fig. 8 1:4 0:1 );]0 (Ro) ' '
around 11 kpc.

1.4 0.1 yes 7(Rs) 0.10 0.05
Several of our models were calculated with a variable factor 1.0 0.2 yes 6 0.20 0.10
Cin Eq. (12), which was assumed to slightly decrease linearly 10 02 yes 7(Rs) 0.20 0.10
with galactocentric distance, attaining the numerical value of 10 C(Rs) vyes 6 0.20 0.10
0.18 atRg = 5 kpc and 0.12 &R = 11 kpc. In the solar neigh-

rXoe—|IOmMmoow>

1.0 C(Rs) vyes (Rs) 0.20 0.10

borhood such a choice gives = 0.15. This, in our opinion, CosficientC includes the factor (£ R).
can simulate a dependence of the star formation rate upon the
overall metallicity of the interstellar gas.

The spiral pattern may not be a permanently eX'St“.}%veachemical compositionftérent from that of the ISM in

galactic structure, therefore in our calculations we arbitrany )

. . . Its neighborhood. Nevertheless, we should note that the mean
adoptedy,., = 0 for all galactocentric distances during the tlrmrenetallicit value for the subsample of Cepheids in the direct
interval of the Galaxy evolution fromm= 0 to 6 Gyr (the test y P P

calculations based on the supposition that the spiral pattern M%mty of the Sun is practically solar, therefore such a com-

been already formed at the epoch- 1 Gyr leave the main parison should be formally corrc_act. -
results practically unchanged). Our models A20 and A27 give the metallicity and surface

densities of the stars and gas that are almost the same as pro-

Another important input parameter is the infall rate. As huced by the similar model A of Lacey & Fall (1985). As

was stated above, we adopted a basic equation descnbmge ected, in this case the model metallicity at each galacto-

space and time dependence of the amount of infalling gas f8 ntric distance reaches the same value (i.e. there is no metal-

lowing Lacey & Fall (1985). Similar to Hou et al. (2.0(.)0).’ Mici y gradient). It is demonstrated by the basic models A20
some of our models we supposed that the characteristic time, @t 57 with a characteristic time-scale of infall= 6 Gyr
i_nfaII is a function of the galactoce_ntric distance (linear relaa-nd “switched-&” A term in the equation for the star forma-
tion, which givesr = 3.5 Gyr at the distance 4 kpc and 6.5 Gy[ion rate. Models C20 and C27 produce a monotonically de-
atRs = 8 kpc).  creasing metallicity in the disc. Substantiallyfdrent metal-

~ A set of input parameters for the models considered |igjty distributions are observed in models B20, B27, D20 and
given in Table 5 (this set is the same for models wWith =  p>7 \where the term depending upon the relative velocity of the
20 km s kpct, models A20-L.20, and 27 kniskpc™, mod- gisc and spiral pattern contributes to the star formation rate.
els A27-L27). The system of Egs. (7)—(9) was solved with gogels E20-H20 and E27-H27 give the corresponding results
4th-order Runge-Kutta integration for the time interval fronfyr the case of a stronger dependence of the star formation rate
t = 010 15 Gyr. We have considered the range of galactocentiison the surface gas density. Qualitatively the models vith
distances from 4 kpc to 16 kpc. At distances smaller than 4 kg and 1.4 show similar radial distributionsiafandy. The
the disc chemical properties and evolution with time are magt; of models 120-L20 and 127—L27 were calculated with an
likely controlled by the central bar (see remarks made abovgkreased giciency of the star formation in the spiral arms, as
while beyond 16 kpc the galactic disc properties are not Welh|| as in two cases with a variable fac©r

known. As one can see in Figs. 10-15, some models clearly show
the wriggles and step-like features in the metallicity distribu-
5.3. Model results tion in the vicinity of the resonances. We compared the theo-
retical metallicity distribution shown in Figs. 10-15 to the ob-
The final results of the modeling are showed in Figs. 10-%2rvational data (e.g. Fig. 3), and found that none of our models
(models A20-L20), and in Figs. 13-15 (models A27-L27&xcept for the model L20 (and perhaps L27) is able to satisfac-
Note that the model metallicity is normalized to the corrdery reproduce the observed metallicity distribution. As an ex-
sponding value at the galactocentric distance of thef&m ample, in Figs. 16 and 17 we show the comparison between the
Such a choice can be criticized, of course, since doing it netallicity produced by the models L20 and L27 and obser-
this way we implicitly assume that the Sun’s abundances (irgations (iron abundance). Strictly speaking, the instantaneous
abundance, in particular) are representative of the preseetycling approximation (IRA) used by us implies a compari-
day chemical composition of the ISM. Thus, by using noson with radial distributions of those elements which are pro-
malized modeled metallicitieZ(Rs)/Z(Rs ) for comparison duced mainly by massive stars (for example, oxygen and a few
with relative-to-solar abundances derived from Cepheids, wthers). Unfortunately, the oxygen abundance derived from our
do not take into account that our Sun is 5 Gyr old, and mightogram stars is much less reliable than, for example, the iron
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Fig. 10. The distribution of the star and gas surface densities, apily. 13. Same as Fig. 10 but for models A27-D27.
metallicity in the disc at present epoch. Models A20-D20.
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o Fig. 14. Same as Fig. 10 but for models E27-H27.
Fig. 11.Same as Fig. 10 but for models E20—H20.

[Z]-0.1
-0.2
-0.3
-0.4

4 . 6 . 8 . 10 . 12 . 14 . 16 R, kpe
R(J_. kpc . .
Fig. 15. Same as Fig. 10 but for models 127-L27.
Fig. 12. Same as Fig. 10 but for models 120-L20.

distribution (Fig. 3) can also be traced for such elements
abundance (only a few oxygen lines are analyzed for each sé,silicon, sulfur, calcium, titanium, chromium, manganese,
while the number of iron lines varies from tens to hundredgckel, which are also partially formed in SNe Il explosions
for each star). We shall then assume, as a first approximatifFsujimoto et al. 1995).
that the global metallicityZ can be compared with the mea- Although the agreement between the theoretical and ob-
sured iron abundance gradient, although models that do setved data is only marginal for some galactocentric distances,
assume an IRA would be certainly more adequate for suganerally the model “L’ fairly well reproduces features of
a comparison. The main features seen in the iron abundatiwe actual metallicity distribution: the rather flat metallicity
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Fig.16. The model metallicity distribution (model L20, Fig
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Fig. 18.Same as Fig. 16 but for other primary elements.

distribution in the middle part (distances from 7 to 9 kpc), R, kpe

the change of metaliicity level and slope at approximately 1Q—i_g.20. Some results for the model L20 but with an exponential de-

11 kpc, and the apparently decreased metallicity in the oufghgence of the infall rate upon the galactocentric distance.
part of the disc. Let us note again that in our model “L” the star

formation rate is proportional to the gas surface density, and,
in addition, is enhanced due to the term which depends upgalactocentric distancer(Rs) = 0.2 exp(05Rs/10%) Gyr).
the relative velocity of the gas and spiral arms. This is corihis is demonstrated in Fig. 20 where we plot results for model
bined with an infall rate which has a characteristic time-scal®0 modified with an exponential dependence of the infall rate
that progressively increases toward the larger radii. It is alapon the galactocentric distance. Despite a good agreement for
important to emphasize that both successful models are battedinner disc seen in Fig. 20, one should keep in mind that
on the supposition that the déieient in the star formation rate galactic bar is believed to play a key role in the chemistry of
is a function of the galactocentric distance. this region, but its influence on the chemical properties of the
Qualitatively, the abundance distributions of such primai$M was not considered in the present study.
elements as Si, S, Ca, Sc, Ti, V, Cr, Mn, Co and Ni (Figs. 4-6) We would like to note only a qualitative similarity between
corroborate the general conclusion about the tendencies whact modeled metallicity distribution and that derived from our
can be traced in Figs. 16 and 17 for iron. It is demonstratpdogram stars. We did not intend to go deeply into details of the
by Fig. 18 (primary elements model L20) and Fig. 19 (the disc chemical evolution, and with our simple models, we do not
same+ model L27) where the abundance distributions of thesgpect to achieve an exact fit to observed data. The main aim of
primary elements are plotted together, and then comparedhis study was to further investigate the structure of the metal-
the model predictions. licity distribution in galactic disc, and to show the possibility of
We can obtain even better agreement between the modetgdrpreting that structure by using basic characteristics of the
metallicity distribution and the observed one (especially for ttepiral model of our Galaxy.
inner part of galactic disc) if we suppose that the character- Even such quite simple models, like L20 (or L27), seem
istic time of an infall rate is an exponential function of theo display some promising results. According to these results
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the dynamical characteristics of the disc might play an impoFable 6. Observed and computed parameter®at = 7.9 kpc and
tant role in the formation of the chemical spatial peculiaritigs= 15 Gyr.
during galactic evolution, such as multimodal metallicity dis-

tributions with diferent slopes and mean metallicities within Parameter ~ Model L20 Model L27  Reference
different disc zones. If we correctly understand the origin of M, pc2 7.3 14.2 6-16 (1, 2)
these peculiarities, then they, in principal, can be used as a tool tts, Mo pc2 54.8 48.0
for eval_uati_on of the star for_mationfe:?e_ncy across the disc, fiot, Mo pc2 62.1 62.2 40-75 (3)
determination of the approximate position of the Lindblad res-

Hg/ ot 0.12 0.23

onances, and thus they can provide an independent way to esti-
mate the spiral pattern velocity. As previously noted, the latter 1 — Dickey (1993), 2 — Kulkarni & Heiles (1987), 3 — Mera et al.
is a very important, but poorly constrained parameter of the (1998a,b).

galactic chemodynamical model. Inspecting Figs. 16—-20 one

can conclude tha®, = 20 km s kpc™! seems to be more the

most preferable value for the Galaxy.

The change of the slope a6—7 kpc in the Milky Way may We would like to emphasize at this point that we consider the

correspond in part to the position of the bar corotation Cirda%undan_ce grgdlent as one of the most |mportar)t af‘d reliable
observational input parameters. A common practice is to com-

(assuming that its radius is at4lx length of the bar, which ) lactic model results with observational data on th m
seems to be a general “rule” in several barred galaxies). ForE?—egaac c modelresutts observationaldata on the com-

ample, Martin & Roy (1995) found clear evidence of a break ned molecular and atomic hydrpgen dgns_ity Qistribution, but
the slope of the @H gradient near the bar corotation radius o) should be noted that observatlonal distributions of ahd

the strongly barred galaxy NGC 3359 (a steep inner gradie { are actually not purely observational par.ameters. For ex-
and very flat one outside the bar corotation). The existence ple, .th(.a H molecular gas §urface (_iensny is obtained from
such a break can be understood in the framework of SPH sim= S11SSI0N SUTVEYS, and this result is dependent upon the as-

ulation (Friedli et al. 1994) where the gas and stars are mixe; e?gn¥agj|ee0f ;??hgalfaai?griogggg?;/oegfgg ﬁg‘;rt' T:.em_
on a large-scale by the bar, and changes in the slopes in values 'S val ! ure |

. . ther significant uncertainty in the resulting value of the
aseous and stellar metallicity gradients are seen. pPly ara . . . .
9 g H, surface mass density (Blitz 1996). This can lead toedi

Additionally, the process of stellar galactic orbiffdsion ences in absolute values of urface mass density, see for
can further change the meta_llicity distribution whic_h is_ de_tefhstance, Blitz (1996) and Heyer et al. (2000); both papers are
mined from a stellar population. For example, during its lif§5,qeq on original observations from Dame (1993). There also
time, a Cepheid can move a distance from its birthplace whigljqiq another problem with CO emission data and related re-
is not negligibly small. If we adopt for the fliision veloc- ¢ its on the molecular gas density. As was noted by Wong &

: P 2E
ity a few km s, and for the life-time about f0yr, then the gy, (2002), CO emission can be amplified simply due to the

travel distance can reach several hundred parsecs. Therefie. ¢, imation process ongoing in molecular clouds, and in this
very sharp changes in the radial metallicity distribution, sim

4 ) . ) Ease, CO emission may trace this process rather than the H
lar to tho_se resulting from ours.|mple simulation, can hardly t?ﬁass. Thus, one can conclude that the molecular gas density
traced with a sample of Cepheid stars. based on a CO emission survey, in principal, can be overesti-
Finally, it should be noted that we do not consider the spirglated due to thisfiect.
arms a unique explanation of the non-linear behavior of the 0b- The situation with observational data on atomic hydrogen
served metallicity distribution. Moreover, as was shown abovgansity is also rather complicated. The radial distribution of
to explain the rather significant increase of the metallicity levgl;g parameter dramatically depends upon the adopted shape
in the inner part of the disc, one needs to invoke some othgrihe rotation curve (see a good example in Blitz 1996).
assumption(s) — a galactic bar and associated gas flows, cRording to Lockman (1988) and Dame (1993) even very
specific form of the infall rate radial dependence. It is also negmall diferences between the applied rotation curves can pro-
essary to emphasize that other models (e.g. Portinari & Chigsice results of surface density thaffei by 50%. As an illus-
1999; Chiappini et al. 2001, among others) are also able to @htion of the above problem we refer the reader to the very re-
tain gradients which are not linear, but show clear bendingsQfnt investigations of the gas distribution in our Galaxy carried
the metallicity distribution. out by Olling & Merrifield (1998) and Wolfire et al. (2003).
Nevertheless, despite these problems, we compare our
Hg distribution with some currently available literature data.
The results of the comparison are given in Table 6 and are
Since when compared to the standard form of the star fornstown in Fig. 21.
tion rate we have more than two free parameters (see Eq. (12)),Two comments should be made concerning the content of
it would be reasonable to use other observational constraifizhle 6 and Fig. 21. First, within some local zones the gas
together with the abundance gradients in order to make an inda@n be accumulated or exhausted by the radial gas flows, and
pendent check of our basic suppositions. For example, the $tés might be seen in observations, but it is not taken into
and gas surface density distributions amdheir specific val- account in our model. Second, the currently available litera-
ues in the solar neighborhood can be applied in such a checke ug andys values are the subject of constant changes and

5.4. Comparison with other observable characteristics
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Fig.21. Comparison between the calculated gas surface densg'['}?d
(model L20 —dashed lineand L27 —dash- dotted ling and semiem-

pirical data from Olling & Merrifiels (1998), Wolfire et al. (2003), and 993), and galactic bar (semi-magor axis of 3.9 kpc and positional

Dame (1993). The position of these_ data is indicated by the sha fgle of 40, Lopez-Cerredoira et al. 2001) are schematically shown.
area. The lower and upper boundaries correspond respectively to un=

corrected and corrected for the helium content the gas surface den-
sity (only the corrected data were used from Dame 1993). The two

connectedfilled circles are the estimates for the solar vicinity from . . .
Dickey (1993), the lower one is not corrected, and the upper one is from the corotation towards the inner and outer Lindblad

corrected for the helium contentijlled square— an estimate from resonances, and equals zero inwards of the inner Lindblad
Kuijken & Gilmore (1991). resonance and outwards of the outer Lindblad resonance;
— the codficient of the star formation rate very slowly
decreases with an increase of galactocentric distance; the
improvements, and itis important to know with the highest pre-  characteristic time of infall rate is a function of galactocen-
cision these values in order to constrain our models. tric distance: it is smaller in the inner part of the Galaxy
and increases towards the larger radii. The case of an expo-
nential increase gives better results for the innermost part
of the disc.
With newly analysed 12 galactic Cepheids situated within th@ An agreement between observed radial abundance distribu-
range of galactocentric distances from 9 to 12 kpc we have tion of the iron and iron-group elements and calculated with
enlarged our homogeneous sample of stars used for galacticthe mentioned above assumptions seems to favour a spiral
abundance gradientinvestigation to 122 objects. The results ob-pattern speef, = 20 km s* kpc ™.
tained in the present study in conjunction with those reported

in Papers I-1V allow one to make the following conclusions: ) )
One should note that some conclusions made above can possi-

1. The abundance distribution in galactic disc shows a mulfly change if a larger sample of stars witfanging from, say,
modal structure. In particular, a wriggle-like structure of thE0" t0 180 is considered. In Fig. 22 we show our whole sam-
metallicity distribution is seen between 10 and 11 kpc. Thide of investigated Cepheids superimposed on a simple sketch
transition zone separates two regions where the abundaflcé 9alactic disc with spiral arms. This sample begins in the
gradients are rather small. Another change in the slopeVi§inity of the galactic bar domain and conceivably stretches
metallicity distribution is seen between 6 and 7 kpc. through_ several splrallarr.ns in the narrow angular range. Can

2. Observed characteristics of the abundance distribution ¢8R radial elemental distributions befigirent for the dterent
be explained in the framework of a simple model of theadial directions in the disc? To answer this question we have
disc chemical evolution supposing that spiral arms play L significantly enlarge the number of investigated stars.

important role in the star formation process. Good agree-

m.en.t be.tween our observed and modeleq radial abundaﬂe&owledgementwe are grateful to the CFHT Committee for al-
distributions takes place under the following assumptiong;cation observing time to this project. We thank Yu. V . Beletsky for
—the star formation rate is a combination of two terms. Omgs help with a preliminary reduction of the spectra. The anonymous
of them is proportional to the gas surface density, while theferee is kindly acknowledged for fieis very valuable comments
other also depends upon the relative velocity of the intetd remarks. R.E.L and S.M.A acknowledge financial support from a
stellar gas and spiral arms. The second term is negligil§ipretien International Research Grant (administered by the American
small in the vicinity of a corotation resonance, it increasésstronomical Society).

6. Conclusions
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