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Abstract. Calculations of the statistical equilibrium of magtions are supposed to have produced mastBlements during
nesium in the solar photosphere have shown that NLTE papassive supernova explosions of type Il. Studies-@élement
ulations hardly affect Mg line formation in the Sun. Howevesynthesis in SNe Il have been undertaken by Arnett (1991),
in metal-poor dwarfs and giants the influence of electron cdthielemann etal. (1996), Woosley & Weaver (1995), and Naka-
lisions is reduced, and the ultraviolet radiation field, enhancetura et al. (1999). Due to small differences in the way stellar
due to reduced background line opacity, results in more pminds and semi-convection are treated and in the specification of
nounced NLTE effects. In the photosphere of a cool star excitaemass cuand explosion mechanism their predictions differ,
tion and ionization due to collisions with neutral hydrogen camainly in the respective Fe yields but also in the pre-explosion
outweigh electron collisions. Analyses based on NLTE popyields of Mg. There is no question that Mg, in principle, is
lations lead to significantly higher Mg abundances than thoess affected by the fine-tuning of SN Il explosions. Therefore,
calculated from LTE. We calculate magnesium abundancesriasmuch as the products of SN Il nucleosynthesis are mixed
10 cool dwarfs and subgiants with metallicities frer2.29 to into interstellar spacé*Mg should constitute a reliable refer-
0.0. The results are based on spectra of high-resolution agntce of the early evolution of the Galaxy. Due to the number of
high signal-to-noise ratio. Stellar effective temperatures are dtrong absorption lines found in the spectra of even the metal-
rived from Balmer line profiles, surface gravities from Hipparpoor stars, Mg is easier to observe than e.g1.(However,
cos parallaxes and the wings of the hgtriplet, and metal it shares the disadvantage of most neutral metals in the atmo-
abundances and microturbulence velocities are obtained frepheres of moderately cool stars with Mépeing the dominant
LTE analyses of Fa line profiles. For stars with metallici- ionization stage at temperatures above 5000 K. Consequently,
ties between-2.0 < [Fe/H] < —1.0 abundance correctionsneutral magnesium is sensitive to deviations frimcal ther-
A[Mg/H|xrrE-LTE ~ 0.05-0.11 are found. As expected themodynamic equilibriumparticularly as its ionization balance
corrections increase with decreasing metal abundance, and tkeyominated by large photoionization cross-sections from the
increase slightly with decreasing surface gravity. We also c8p3P° state. In metal-poor stars reduced line-blanketing pro-
culate the statistical equilibrium of magnesium for series dfices an increased UV radiation field that, in combination with
model atmospheres with different stellar parameters and fite large cross-sections, leads to strong photoionization rates;
that A[Mg/H]xrrr-LTE iNCreases with effective temperaturehis makes Mg even more sensitive to NLTE and affects any
between 5200 and 6500 K. For extremely metal-poor stars ttereful abundance analysis of Mg in these objects. Moreover,
abundance corrections approasiMg/H|nire—rLTe ~ 0.23 the density of free electrons decreases roughly in proportion to
at [Fe/H]~ —3.0. metal abundance, and the collision rates become correspond-
ingly smaller. Together this change of microscopic interaction
Key words: atomic processes — line: formation — stars: abuprocesses should lead to substantially stronger deviations from
dances — stars: late-type LTE in metal-poor stars at optical depths; 7. between—3
ando, if the reduced electron collisional interaction is not com-
pensated by hydrogen collisions (Baililer & Gehren 1996,
1997).

In our present study, we use several Miges chosen from
Abundance patterns ef-elements, such as Mg, Si and Ca, ifhe solar spectrum which were carefully analyzed previously
stars with different metallicities are important for understangzhao et al. 1998, hereafter Paper |). The standard atmospheric
ing the chemical evolution of Galaxy. The first stellar generanodels we use in our present analysis are described in Sect. 2.
S : We start with test calculations including the standard model
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* Based on observations collected atthe German-Spanish Astron&if2™ ©f Paper I, and we fit the calculated NLTE equivalent
ical Center, Calar Alto, Spain and Beijing Astronomical Observator%'dths for models of different stellar parameters. We determine
Xinglong, China g abundance correctiondue to differences between NLTE

1. Introduction




2 G. Zhao & T. Gehren: Non-LTE analysis of neutral magnesium in cool stars

and LTE analyses for series of model atmospheres with the difarlsson et al. (1992). All terms are coupled by radiative and
ferent stellar parameters in Sect. 3. All Mtines considered collisional interactions as described in more detail in Paper I.
here are reproduced using standard NLTE line formation tech- We have shown in Paper | that collisional interaction with
niques with the radiative transfer solved in the Auer-Heaslegutral hydrogen atoms will not affect the results obtained for
scheme, taking into account the interaction processes betwten solar Mg lines except those in the infrared. However,
all levels of the Mg model atom. A previous investigation (Paince neutral hydrogen collision rates do not depend on metal
per 1) has demonstrated how the line profiles observed in thleundance, they can maintain an important influence in metal-
solar spectrum can be used to improve the atomic model of neoor stellar atmospheres and raise the total collision rates to
tral magnesium. This model is the subject of further scrutiny ligh enough efficiency at which they can even compensate the
the light of information coming from comparison of test calcustrongly increased photoionization. As outlined in Paper | the
lations with line profiles in the spectra of metal-poor stars. Weydrogen collisions are based on the formula of Drawin (1969).
then calculate magnesium abundances of 10 cool dwarfs dind most often used in a form due to Steenbock & Holweger
subgiants with metallicities from-2.29 to 0.0 using both LTE (1984) although the validity of this formula cannot be judged.
and NLTE line formation techniques in Sect. 4. Our conclusioge have used it as an order of magnitude estimate and carefully
are given in last section. investigated the influence of hydrogen collisions on our atomic
model by fitting all available Mglines modifying Drawin’s for-
mula by a scaling factor. For Mgt turns out (as was the case for
2. Model atmospheres aluminium) that this factor should vaexponentiallyvith upper

The statistical equilibrium calculations are performed in horf€Ve! excitation energy, (in eV), Su = 1000 exp{—nFEy/2}.
zontally homogeneous LTE model atmospheres in hydrostalfdis Was determined in a fully empirical manner recomputing
equilibrium. We account for metallic and molecular UV lind"€ complete NLTE line formation with statistical equilibrium -
absorption using Kurucz' (1992) opacity distribution functiongguations including the scaled hydrogen collision rates, and it

(ODF) interpolated for the proper stellar metallicities. In ordé"@bled us to fit solar lines of different excitation energies. The
to use the meteoritic iron abundariog e . = 7.51 as the solar decrease of hydrogen collision cross-sections with excitation

reference, we scaled Kurucz' ODF by).16 dex to put his iron €N€rgy is also in rough agreement with Kaulakys’ (1985, 1986)

opacity on the proper scale. Bound-free opacities were coRfédiction for Rydberg transitions.

puted with solar abundances from Holweger (1979), scaled by

the stellar metallicities, and in case of [Fe/d]-0.6 corrected 3.2. Statistical equilibrium calculations

for a general enhancement@felement abundances of O, Mg,  for different stellar parameters

and Si with p/Fe] = 0.4. Since Mg is the most important elec- L o ,

tron donator among the-elements this approximation foIIowsTh,e SFat'St'Cal equilibriumis f:alf:ulated using mETAIP code
the results found by Fuhrmann et al. (1995). Convection is takipddings 1981; Butler & Giddings 1985) in a version based

into account parametrically with a mixing-length of 0.5 pressufd) the method of complete linearization as described by Auer
scale heights (see Fuhrmann et al. 1993). & Heasley (1976). The calculation includes all radiative line

The reason for adopting this model as a standard is tﬁré;}nsitions, most of them represented by Doppler profiles; 99

we can easily use the model to calculate stellar atmosphetBES Were linearized. The Mg blines are treated with full radia-
differentially with full physics included. On the other hand, thive and van der Waals damplng.. Thg Ilnearlzed'llne tranS|t|oqs
abundancdifferencedetween the LTE and NLTE calculationaVere selected from test calculations including different combi-
have nearly the same value independent of the type of mofafions with a preference_ for the stronggr trans_itions including
atmospheres adopted, even though we had to adjust some i = & — 1 levels. Adding more transitions did not change

parameters (e.g. logClog ¢ f) in order to obtain a better line the results. The bound-free transitions of the lowest 22 levels
fit (cf. Paper I). were linearized, too.

In a star such as the Sun the flux in the ultraviolet spectral
region is determined to a large part by opacities due to metal
3. NLTE line formation line absorption. As in our analysis of the solar Mg spectrum
we use the opacity distribution functions of Kurucz (1992) to
represent this opacity. In these ODF data single line opacities

The standard atomic model we used in this analysis is basicdllypmall frequency intervals are represented by superlines; con-
the same as that used for the solar calculatimfisRaper 1). Sequently, the ODF opacity is not identical to that required at
The neutral magnesium model includes all levelsup to n @ specific position in frequency space. For the calculation of
= 9 and/ < n — 1 resulting in a total of 83 Mgterms plus @ model atmosphere this simplification is a sufficient approxi-
the doublet ground state of Mg All energies were taken from mation, but for NLTE line formation the actual radiation field
the compilation of Martin & Zalubas (1980) except for thos@Cross a line transition or an ionization continuum is important
terms with? > 5 which were obtained using the polarizatiorfor the determination of the statistical equilibrium of an atom.
formula of Chang & Noyes (1983). Fine structure splitting hdzor bound-free transitions the exact position of the absorbing
been neglected. This model is nearly the same as that usedit§s is less important, and the use of the ODFs will be reli-

3.1. The standard atomic model
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Table 1. Abundance differences between NLTE and LTE obtained by fitting calculated LTE equivalent widthsidinkiyusing the same
parameters for various stellar model atmospheres based on our line-blanketed model grid. ResulisMfgitb= [Mg/H] nvTE - [Mg/H] LTE

Tex logg [FelH] 45712 47038 47304 55288 5711A 7657A 88064 82138 118288 A[Mg/H]+o
5200 4.50 0.0 0.022 0.014 0.021 0.010 0.015 0.035 0.001 0.042 0.004 HD@ua!
5200 4.50 -1.0 0.060 0.038 0.051 0.022 0.045 0.065 0.019 0.115 0.025 HDOBD
5200 4.50 -2.0 0.091 0.039 0.058 0.028 0.052 0.055 0.045 0.098 0.045 = ()] ()7%2¢]
5200 4.50 -3.0 0.113 0.062 0.068 0.058 0.060 0.050 0.075 0.095 0.075 HDOZD
5780 4.44 0.0 0.047 0.028 0.042 0.023 0.050 0.060 0.004 0.076 0.019 HDOZP
5780 4.44 -1.0 0.087 0.073 0.088 0.060 0.104 0.130 0.041 0.202 0.050 HDABD
5780 4.44 -2.0 0.128 0.123 0.111 0.099 0.117 0.120 0.079 0.234 0.090 (1) 0243
5780 4.44 -3.0 0.182 0.190 0.172 0.180 0.172 0.200 0.163 0.430 0.157 HD B>
5780 3.50 0.0 0.060 0.033 0.062 0.028 0.090 0.115 0.016 0.095 0.026 HDOES
5780 3.50 -1.0 0.101 0.081 0.120 0.054 0.151 0.180 0.018 0.252 0.053 HDOr3
5780 3.50 -2.0 0.147 0.157 0.137 0.118 0.136 0.120 0.045 0.264 0.085 HDIHO
5780 3.50 -3.0 0.201 0.224 0.206 0.211 0.207 0.210 0.212 0.429 0.210 HD P28
6500 4.50 0.0 0.042 0.041 0.046 0.045 0.083 0.100 0.042 0.095 0.047 HDOFED
6500 4.50 -1.0 0.077 0.102 0.088 0.090 0.123 0.150 0.051 0.188 0.072 HD IS
6500 4.50 -2.0 0.096 0.142 0.101 0.120 0.105 0.120 0.075 0.178 0.094 HDDOHA
6500 4.50 -3.0 0.148 0.178 0.162 0.182 0.179 0.200 0.178 0.302 0.175 HDIBSD
030F able, provided the intervals are small enough in the frequency
0251 T =5780K region near the ionization edge. For a bound-bound transition
a with its narrow line width it can be important in which part of
0200 ] the broad synthetic ODF line it is formed. We include the ad-
= - ditional OODF opacity in the UV for wavelengths between 1300
2 o1sf- logg=444 4 and 386 to allow for a realistic behaviour of the ionization
I C from the ground state and the first excited level without affecting
010 logg=350 1 most of the line transitions. Only a few Mdines are found in
. this region allowing us to omit additional line opacities as most
0.051 7 of these transitions are of minor importance for the statistical
. equilibrium.
0.00 ! I I I .. el .
3 2 1 0 We use the statistical equilibrium of Mgwith hydrogen
[FerH] collisions from Drawin’s formula (Drawin 1969) but scaled ex-
0.30r ponentially with upper level excitation energy as described in
- Sect. 3.1. Abundance differences between the NLTE and LTE
0.251 log g =4.50 (4.44) calculations with various stellar models are shown in Table 1.
C These results are obtained requiring NLTE and LTE line forma-
0.20- Tar = 5780K - tion to fit the same equivalent width. The results confirm that
% F deviations of the Mglevel populations from LTE increase with
s 0151 7 decreasing metal abundance. The NLTE effects in solar metal-
< - licity stars are almost negligible. In Fig. 1 we demonstrate the
010¢ T, =5200K Tar = 6500K variation of the NLTE corrections of magnesium abundances
005k 1 versus [Fe/H] for sequences of model grids with constant sur-
T face gravitylog g ~ 4.5, andT ¢ = 5200, 5780 and6500 K, and
0.00F ‘ ‘ ‘ ‘ with constant effective temperaturg,z = 5780K, andlog g

[Fe/H]

= 3.5 and4.44. From these plots it is evident that the NLTE
effects are systematically stronger for the hotter models, which

Fig. 1.NLTE corrections of the magnesium abundances versus [Fefd]in accordance with the statistical equilibrium of aluminium
for the model grids, wherd[Mg/H] = [Mg/H] nvTE — [MO/H]LTE.

Top: Terr = 5780K,log g = 3.50 and 4.44. Bottomog g = 4.50 (4.44

for Teg = 5780K),Tes = 5200, 5780, and 6500 K.

and sodium (Bauiiiler & Gehren 1996; Bauiiller et al. 1998).

The dependence upon temperature is, however, strongly tied to
the change in ionization; as soonBg; drops below 5300K,
Mg 11 starts to recombine, and Mdecomes more dominant.
For stars at the turnoff the temperature dependence is negligi-
ble. As expected, the strongest departures from LTE are found
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for models with high temperature and low metallicity. The re- 0S0F

duction of surface gravity results in a decreased efficiency of o.4o§ I
collisions by electron and hydrogen atoms which again leadsto £
slightly stronger NLTE effects. 0.30F

] DU

0.10F

Our present study is based on spectroscopic data obtained by I I
K. Fuhrmann and M. Pfeiffer using the fiber optics cassegrain °®®F
echelle spectrograph (FOCES) fed by the 2.2m telescope at th(_ao_loé I
Calar Alto Observatory during three observing runs in Septem- £ ‘ ‘ ‘ ‘ ‘
ber 1995, October 1996 and May 1997. The 1995 spectra 25 -20 -15
were exposed to a 1024 1024 24, CCD, and the resolv-
ing power was~ 35,000. In October 1996 and May 1997 a o1sk
2048 x 2048 15 CCD was employed at R- 60,000. Al- -l .
most all the stars were observed at least twice with the signal- .
to-noise ratio of about 200 (Fuhrmann 1998). Details with re- |
spect to the FOCES spectrograph can be found in Pfeifferweto.lo— .
al. (1998). For HD 19445, HD 95128, HD 103095, HD 19459& [ .
and HD 201891 additional spectra were obtained by G. Zh§o s .
and H. Zhang with the CowdEchelle Spectrograph attached to sl
the 2.16 meter telescope at Beijing Astronomical Observatory | .
(Xinglong, China) in October 1996 and March 1997. The de- | o HD 1030%
tector is a Tek CCD (10241024 pixels of 24um? each). The i
Couck Echelle Spectrograph has two beams: a blue path and 40— ‘ . . ‘ .
red path. For the blue path, the 79 grooves/mm echelle grating | i 10 05 00
is used along with the prism as cross-disperser and a 0.5 mm
slit, leading to a resolving power of the order of 44,000. For ;45|
the red path, the 31.6 grooves/mm echelle grating is used along ® HD 10445
with the prism as cross-disperser and a 0.5 mm slit, leading to |
a resolving power of the order of 37,000. The more detailed | .
technique and performance descriptions of the @oidhelle o %10 *
Spectrograph can be found in the paper of Jiang (1996).

The effective temperatures of our program stars were de
mined from the wings of the Balmer lines,Fand Hs profile 0.051-
fitting. For metal-poor stars, Hand H; are also taken into ac-
count €f. Fuhrmann 1998). Fortunately, the dependence of the
results on effective temperature is not important for most of oool . | | | | | |
the stars; only HD 6582 and HD 103095 are cool enough to be™ 26 28 2.0 1.2 24 16 48
affected (see Fig. 1). Surface gravities have been derived from logg

Hlppgrcos data using th? method glven.by Nissen etal. _(199|Zi)g. 2. Top: Magnesium abundances of 10 cool dwarfs and subgiants
The final surface gravities are determined by comparison gy, NLTE and LTE line formation. The symbols of triangle and
the strong line wings of the M triplet which gives a slightly fjjied circle represent the LTE and NLTE results, respectively. NLTE
higher value than that from the determination of Hipparcos dat@rrectionsA[Mg/Fe] of the 10 program stars versus [Fe/H], where
The [Fe/H] values were adopted from the determination ai FeA[Mg/Fe] = [Mg/Felrrr - [Mg/Fe].rr as a function of metal abun-
lines which are insensitive to NLTE effects @Venin & Idiart dance (middle) and surface gravity (bottom)

1999). The mircoturbulence velocify was estimated using an

extended set of Fe lines.

We note that only a few Mglines show a suitable line dances are listed for comparison. We present the magnesium
profile for spectrum synthesis in our spectra of sample staabundances of 10 cool dwarfs and subgiants using NLTE and
Therefore, four lines, namel\ 4571, 4703, 5528 and 578 LTE line formation in Fig. 2; the plots of the NLTE correction
which are often used for magnesium abundance determinatid{#lg/Fe] versus [Fe/H] andbg g are shown, too. One of the
are selected in our present analysis. Synthetic spectra usingrast striking results is the difference between NLTE and LTE
ther LTE or NLTE level populations were calculated using thebundances in the very metal-poor subgiant HD 140283 and
line data given in Paper I. The final results are presentedsubdwarf HD 19445, corresponding to factors of 1.35 and 1.39,
Table 2, where both the NLTE and the LTE line profile fit aburrespectively. It is again evident how NLTE abundance correc-

[Mg/Fe]

4. Magnesium abundances in cool stars

o
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ter-
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Fig. 3. Synthetic flux profiles of selected Mdines (dashed) compared with the observed spectra of program stars (continuous). The synthetic
line profiles refer to NLTE with hydrogen collisions scaled exponentially with excitation enéogyefl): intercombination line 35S — 3p'P° at

4571A. (top right): excited line 3gP° — 5d'D transition at 470&.. (bottom lef}: excited line 3 P° — 4d'D transition at 552@. (bottom

right): excited line 3pP° — 5s'S transition at 571A.

Table 2. Stellar parameters and magnesium abundances [Mg/Fe] calculated with LTE and NLTE line formation

Object V T logg [FelH] & 4571A 4703A 5528A 5711A
HD [mag] [K] [kms™'] LTE NLTE LTE NLTE LTE NLTE LTE NLTE
6582 516 5387 451 -0.83 0.89 - - 033 039 036 043 037 043

19445 8.06 6016 4.43 -1.95 135 038 048 013 036 026 036 - -

30743 6.26 6298 4.09 -0.45 164 -0.02 0.04 - - 007 014 -002 0.0

61421  0.37 6470 4.02 -0.03 195 -0.19 -0.14 - - -001 003 -013 -0.01

95128 5.05 5892 4.27  —0.00 1.01 - - - - 002 004 005 012
103095 6.45 5110 467 -1.35 085 021 027 026 028 031 032 025 029
140283 7.21 5810 3.68 -2.29 1.49 - - - - 014 027 - -
165401 6.81 5811 4.43  -0.39 1.10 017 023 0.17 023 023 027 018 0.26
194598 834 6058 4.33 -1.12 1.45 025 033 020 032 024 032 019 0.31
201891  7.37 5943 428 -1.05 1.18 - - 031 043 038 045 029 043

tions increase with decreasing stellar metallicity. There is operor estimations are nearly the smae for LTE and NLTE abun-
star HD 103095 (Groombridge 1830) that shows a different b@ance determination. Note that in most cases the abundance dif-
haviour in Fig. 2 (middle); due to its low effective temperaturterences are well above the observational errors. On the other
(~ 5110K, the lowest one in our sample stars) its ionizatiohand, the NLTE abundances based on various line profile fits
equilibrium is more affected by temperature than by NLTE efenerally produce a satisfactory smaller standard deviation than
fects. This is in accordance with our analysis for the grids tfat of LTE abundances. This result is perhaps the most impor-
the model atmospheres in Sect. 3. The effective temperatuest because it shows that with high resolutidh £ 40000),
surface gravity, metallicity and microturbulence have typicaiigh signal-to-noise spectra it is possible to reproduce line pro-
error of AT, ~ 80 K, Alog g ~ 0.1dex,A[Fe/H] ~ 0.07 dex files with very high accuracy. A few profile fits for the different
andA¢, ~ 0.2kms . Consequently, the error estimate for thenagnesium lines are given in Fig. 3 to show the quality of the
magnesium over hydrogen abundances is about 0.07 dex. These
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line synthesis. They are representative for the average fit qualitsknowledgementsThis research was supported by the Deutsche
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of China, and the Major State Basic Research Development Program
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5. Conclusions spectra data of the program stars. We thank Dr. Johannes Reetz for

The variation of [Mg/Fe] with the stellar mean metallicity>UPPOrting the line synthesis code.

[Fe/H] contains information about the chemical evolution of

the Milky Way. Previous investigations of magnesium based on

LTE analyses by a number of researchers (e.g. Magain 19B&ferences

Hartmann & Gehren 192_38; Fuhrmann et al. 1995; Fuhrmaﬂ.\rr]nett D., 1991, In: Frontiers of Stellar Evolution, ASP Conf. Ser. 20,
1998) show that magnesium has a solar abundance ratio in disk;; 259

stars ([Fe/H]> —0.5), and then [Mg/Fe] becomes constant af,qouze J., Silk J., 1995, ApJ 451, L49

+0.3...0.4 in metal-poor stars ([Fe/H} —0.5). As shown Ayer L.H., Heasley J.N., 1976, ApJ 205, 165

by Fuhrmann (1998), this overabundance is a distinct resultgfunmiiller D., Gehren T., 1996, A&A 307, 961

population membership. Our new results based on the NLB&auniiller D., Gehren T., 1997, A&A 325, 1088

analysis of 10 cool unevolved stars demonstrate that the magpeuntiller D., Butler K., Gehren T., 1998, A&A 338, 637

sium overabundance with respect to iron becomes even largePbijer K., Giddings J., 1985, Newsletter on the Analysis of Astronom-
roughly 0.1 dex for stars with reduced stellar metal abundance ic@l Spectra No. 9, University of London

[Fe/H] due to photoionization dominating over collisions. Thgarsson M., Rutten R.J., Shchukina N.G., 1992, A&A 253, 567
reduction of the surface gravity results in a decreased efficierfgyp"9 E-S- Noyes R.W., 1983, ApJ 275, L11

of collisions by electron and hydrogen atoms which also lea awin H.W., 1969, Z. Physik 225, 470

ﬁhrmann K., 1998, A&A 338, 161
to small NLTE effects. The strongest departures from LTE af€ 1, mann K.. Axer M.. Gehren T.. 1993 A&A 271 451

found for metal-poor stars with high temperature and low gra¢yhrmann K., Axer M., Gehren T., 1995 A&A 301, 492

ity, i.e. turnoff stars. Hartmann K., Gehren G., 1988, A&A 199, 269
Fortunately, the trend obtained from LTE abundance analylelweger H., 1979, In: Les Ements et leurs Isotopes dans I'Univers.
ses of magnesium in cool stars (Fuhrmann 1998) is confirmed. 22*¢ Lieége Symp., lége, p. 117
The significant [Mg/Fe] ratio in metal-poor stars is found frorfsiddings J.R., 1981, Ph.D. Thesis, University of London
NLTE spectrum analyses, with the increased level indicating/igng S.Y., 1996, In: Kaifu N. (ed.) Ground-based Astronomy in Asia.
shift to even higher stellar masses in the parent population (I1). National Astronomical Observatory of Japan, p. 335
Such a trend was also found by Fuhrmann et al. (1995) or A éﬁ:ggz S" 1322' ‘;'ozhgi'y'z 1J%F';T16g4 990
douze & Silk (1995) who investigated the initial mass functio " P ' e e
based on thefelem)ent enrichmegnt of population Il. Recent in; urucz R L., 1992, Rev. Mex. Astron. Astrofis. 23, 181

Lo I . . Magain P., 1987, A&A 179, 176
vestigations of the Fe/Fer equilibrium (see Tavenin & Idiart ;- .. W.C., Zalubas R., 1980, J. Phys. Chem. Ref. Data 9, 1

1999), however, seem to demonstrate that [Mg/Fe] may be MR{&amura T., Umeda H., Nomoto K., et al., 1999, ApJ 517, 193

affected by deviations from LTE when using Heese to de- Nissen P.E., Hoeg E., Schuster W.J., 1997, In: Battrick B. (ed.) Proc.

rive iron abundances. We recall that in our analysis we used only Hipparcos Venice Symp. ESA SP-402, p. 225

Ferr linese which are insensitive to NLTE effects. Pfeiffer M.J., Frank C., Bauiiller D., Fuhrmann K., Gehren T., 1998,
In order to confirm the present results for magnesium, and A&AS 130, 381

in particular the mean abundance differences between LTE &tgenbock W., Holweger H., 1984, A&A 130, 319

NLTE itis necessary to reinvestigate a larger sample of stars witfgvenin F., Idiart T.P., 1999, ApJ 521, 753

various metallicities based on the NLTE analysis, especially fofielemann K.F., Nomoto K., Hashimoto M., 1996, ApJ 460, 408

the metal-poor stars of the thick disk and halo. Such an inv Qosley S.E., Weaver T.A., 1995, ApJS 101, 181

tigation should, however, include an FELTE analysis. Then 20 G., ButlerK., Gehren T., 1998, AZA 333, 219

it will be an important step improving our present understand-

ing of stellar nucleosynthesis and the chemical evolution of the

Galaxy.



