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Abstract. Model atmosphere analyses ethelle spectra of or the very spectacular supernova events. Nowadays, it is there-
some fifty nearby F- and G-type stars are presented. The séone no surprise that the ancient stars of the Galactic halo are
ple is confined to the main-sequence, turnoff and subgiant feund to be metal-poor objects — as opposed to the understand-
gion, regardless of the metal abundance. On the base of thagewhen they were first analyzed in the 1950s. Interestingly,
data, spectroscopic parallaxes are calculated and comparethése stars also reveal a very different kinematic behaviour in
the Hipparcos astrometry to explore the reliability of the dehat they do not take share in the rotation of the Galactic disk,
rived stellar parameters, notably the surface gravity and matal they constitute a differestellar populationwhich provides
abundance scale. important clues for scenarios of the early epochs.

The spectroscopic distance scale is found in good agreementwith the rapidly increased number of observations, the more
with the Hipparcos parallaxes and is characterized by a S¥phisticated theories, and the very much improved numeri-
rms uncertainty. The results suggest a precisiorioy ¢ of cal modeling, the last decades saw many distinguished aspects
~ 0.1 dex, and).05 — 0.10 dex for the metallicity. There is alsoand comprehensive insights into Galactic evolution. Inevitably,
reasonable evidence for the spectroscopic effective temperatune as might have been anticipated, the picture has become
scale to be free of systematic errors; typical uncertainties gu@gressively complicated, not only in its details, but also in
assessed te- 80 K. The basic spectroscopic parameters athe global characteristics of whether the Galaxy has evolved
supplemented by data for the microturbulence velocities, tirem halo-to-bulgeor halo-to-disk whether it evolved from
projected rotational velocities, stellar radii ameenhancement top-to-bottom or, in contradistinction, fromnside-out or is
abundances, the latter represented by the element magnesaotally a combination of both. The role afcretionas a ma-
Stellar masses are also given, though many are probably subj@cphenomenon has become a substantive issue, convincingly
to small adjustments (typically 5%) in forthcoming analysesemonstrated by the recent discovery of the Sagittarius dwarf
The well-defined distance correlation is also demonstrated todeaxy merger. This striking example, in particular, represents
an efficient means for an identification of spectroscopic binarigsfar-reaching alert to closed box models or other simplified

The results are discussed in terms of a spectroscopicallgsumptions, in spite of their analytical beauties. Similarly, the
established distance scale, the sites of the stellar populatiepstem of Galactic globular clusters has been found to be mixed
in the [Mg/H]-[Fe/Mg] plane, a timescale for the Galactic thimwith some foreign intruders, which can alter our notions of,
disk, and the potential of futur&. s s-log g Kiel diagramsfor a for instance, the instrinsic age spread of the original “founder
precise determination of Galactic globular clusters ages. = members” if this polluting subgroup is not accounted for.

The concept of stellar populations has also become more
Key words: stars: distances — stars: fundamental parametersemplicated in recent years. Metallicity distributions ofliado,
stars: late-type — Galaxy: evolution thethick diskandthin diskreveal considerable overlap and do
not allow for an unequivocal classification for many stars with-
out reference to other criteria, such as age or kinematics. With
respect to the latter, the situation has improved tremendously
on the base of the Hipparcos astrometry for nearby stars. But

One of the most intriguing issues of modern astrophysics refért$ also immediately clear that the Hipparcos data take an ac-
to the formation and evolution of the Milky Way Galaxy. FronfiVeé partin clgnfylng t_he accuracy of stellar age determlnatlons,_
stellar evolution we have learned of the general chemical enridft they provide detailed measures of the stars’ absolute magni-
ment of matter as a function of time, as witnessed by e.g. tindes. Along with the stellar effective temperature, evolutionary

stellar wind of giant stars, the occurrence of planetary nebul&i@cks from stellarinterior calculations deliver thisimportant da-
tum, and, at the same time, improve our knowledge of the stellar

* Based on observations at the German Spanish Astronomifa@sses. In addition, the combination of effective temperatures
Center, Calar Alto, Spain and parallaxes results in the stellar radii, which in turn are com-

1. Introduction




162 K. Fuhrmann: Nearby stars of the Galactic disk and halo

5000 6000 7000 8000

Relative Flux

0.8

0.6

0.4

Relative Flux

0.2

llllllllllllllllll

llllll

0.0 5500 5600 5700 5800 5900

1.0 o o 7 T e - A T T . BRI

T

T

T

0.8

0.6

0.4

Relative Flux

0.2

lllllllllllllllllll4

lllllllllllllll

0.0 . . . . .
1.0

0.8

0.6

0.4

Relative Flux

0.2

0.0 . . . . .

5708 5709 5710 5711 5712 5713 5714
A [A]

Fig. 1. AFOCES spectrum of the iron-deficient turnoff sta€rB with resolution R-60000 and wavelength coveralgg4200-9000. The merged
échelle spectrum has an equidistant spacing #f= 20mA and a total length of 2 x 10° data points. The top panel shows the complete
spectrum with successive enlargements below

bined with the masses to provide the surface gravities. Sommlution constitute well-suited candidates. Consequently, we
independent information about this often badly determined pancentrate here on F- and G-type stars of the main-sequence,
rameter is of utmost interest, since it incorporates the importahé turnoff and subgiant region, irrespective of the metal content.
advantage to fix the metallicity scale as well. Our analysis provides data for approximately fifty nearby stars

] ] ) and is by no means a complete or unbiased sample. Its main
For an understanding of the Galactic evolution scenario,

rather bright and long-lived stars in not too advanced stages of



K. Fuhrmann: Nearby stars of the Galactic disk and halo 163

purpose is texplorethe reliability of certain analysistechniques  The modeling of the spectral lines is based on T. Gehren’s
and stellar parameters in different regions of the HR diagran{1975) atmosphere program that makes use of the standard as-

In particular, we will confront the spectroscopically deduceslimptions such as hydrostatic equilibrium, plane-parallel lay-
parallaxes or distances with the Hipparcos astrometry. Frars and local thermodynamic equilibrium, and is fed by the
this comparison it will turn out that for certain regions in thepacity distribution functions described in Kuru¢z (1992) for
HR diagram the surface gravities implied from the LTE iroan inclusion of the effects of line blanketing. The underlying
ionization equilibrium produce conflicting results and we havebundance pattern assumes either a solar mixture close to the
to recourse to a differential method that employs the wings afie given in Grevesse, Noels & Sauval (1996) or the so-called
strong absorption lines. a-enhancement. The latter is a well-known feature of many

Although our sample is not very large, we will present HRhetal-poor stars that tend to be overabundant by approximately
diagrams for thelistribution of the microturbulence parameter0.4 dex ina-chain nuclei O, Ne, Mg, Si, S, Ar, Ca and probably
& and the projected rotational velocitysin:. In addition, we Ti. Hence, basically two grids of model atmospheres encompass
present data for the stellar radii and masses, although part ofdle program stars for values i sy andlog g as displayed in
latter may require small corrections on the base of revised etleKiel diagramof Fig.[2 and for about five orders of magnitude
lutionary tracks. Some results are also given for spectroscopienetallicity, up to [Fe/H} +1.0.
binaries or suspected objects. They were either immediately de-Effective temperatures are deduced from the wings of the
tected as such from the spectrograms, or, in the course of Bamer lines, since they are very sensitive to this parameter in
analyses, from discrepancies with the distance scale. our temperature range (e.g. Schnidt 1972). Surface gravities

Within the last few years several studies were concernark usually derived from the ionization equilibria of abundant
with the metallicity distribution function of the solar neighborspecies, we focus here on the most often used iron. In addition,
hood. For those analyses, where a reasonable number of ctire-wings of strong lines, such as the Mg Ib triplet, are also well-
mon objects is present, we confront these data with our findingaown to represent pressure-dependent features and may serve
A recent sample of stars with effective temperature determiras a diagnostics for the surface gravity parameter (e.g. Deeming
tions from the infrared flux method is also compared. Finallg960). Itis important to realize that valuesigf » andlog g are
the important behaviour of the magnesium-over-iron abundanntrdependent if the latter is derived from the ionization equi-
as a function of metallicity is discussed and compared to othifrium, whereas both stellar parameters are rather decoupled if
data from the literature. we make use of the Mg Ib lines. This may have advantages and
disadvantages, as we will see in what follows.

Once the gravity parameter is fixed from the ionization equi-
librium method, a value for the iron abundance is provided as
The first spectra of our sample were obtained during the impieell. But this result depends on lines of neutral iron, which are
mentation phase of the fiber-coupled Cassegealmelle spec- known to be sensitive to NLTE effects, details of the model
trograph FOCES (Pfeiffer et &l._1998) in September 1995 aimosphere structures, as well as the value deduced for the ef-
the 2.2m and 3.5m telescopes of the Calar Alto Observatadigctive temperature. A discrepant result for ibe g parameter,
Those data cover the approximate range 4000-%G0@i were from e.g. acomparison with the Hipparcos astrometry, provides
exposed to a 102424, CCD at\/AX ~ 35000. One year an almost certain evidence for an erroneous abundance scale.
later, in August/September 1996, a similar CCD was employ&ihgly ionized iron lines, on the contrary, may exclusively be
and observations were done with approximately the same resmployed in combination with the strong line method. They
lution. Then, at the third observing run in October 1996, a neave assumed to be formed under LTE conditions and are less
2048 151 CCD was installed. Although most of this campaigaffected by details of the temperature structure, since they re-
suffered from bad weather conditions, the few available specside in the principal stage of ionization for F and G dwarfs.
nevertheless convincingly demonstrated the big advantageAofirawback of this species nevertheless results from the fact
the enlarged wavelength coverage (4000-§QO@r1d spectral that only a handful of suitable absorption features is available
resolution f/AX ~ 60000). A fourth observing run in May in the visible and Fe Il lines reveal the somewhat disadvanta-
1997 repeated this setting and supplied about half of the spec¢feaus dependence on the exact elemental mixture, that is, the
of the present analysis. F[d. 1 gives an illustrative representatiefative overabundance ef-elements, notably magnesium and
for one of the observed stars. silicon, has to be taken into account. Both of these elements

Almost all stars were observed twice, with nominal signatan release substantial amounts of electrons to the photosphere,
to-noise values up t& 700. Unfortunately, theeal quality of the which in turn affect the continuousHopacity, and hence the
data does not exceed SHR00, due to some lasting problemdine formation.
with the fiber interface, that, however, are currently fixed. Another circumstance that hampers a correct abundance de-
termination from stellar spectra has to do with the presence of a
non-thermal velocity component that acts as an extra absorber
to the metal lines. If not taken into account, the inferred metal
We adopt a purely spectroscopic approach. The analysisaimindances depend on the measured equivalent widths of in-
strictly differential with respect to the Sun. dividual lines. This undesirable behaviour is usually overcome

2. Observations

3. Stellar atmospheric parameters
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Fig.2. TheT.;s-log g Kiel diagramof the program stars. Circle diameters are in proportion to the metallicities

by the introduction of an additional atmospheric parameter, the There are at least two other large scale motions that con-
microturbulenceaptly chosen if all absorption lines of a certairtribute to the observed line profiles: (§tellar rotation or,
species produce the same abundance. In a differential investere precise, thprojected rotational velocitysinz, with ¢ as
gation, we derive this velocity parameter from profile analyséise usually unknown inclination angle, and (ii) the so-called
of selected Fe | and Fe Il lines of the solar spectrum, alongacroturbulencethe phenomenon that causes the wiggly lines
with the individual oscillator strengths and damping constanta. spatially resolved spectra of the Sun. Unfortunately, both
The underlying laboratory is realized by the tracings of the Kigffects involve velocity fields that are of comparable strength
Peak Solar Flux Atlas (Kurucz et al. 1984) from which we infor most of our mid-F to late-G stars and our spectra are not
fer a microturbulence velocity, = 0.90 + 0.15 km s~%. In that well resolved (in particular those obtained before Octo-
view of the many details displayed in the extremely resolvdzkr 1996) as to put real constraints on either quantity. On the
solar atlas, this value for the microturbulence inevitably comether hand, studies of macroturbulence velocities have revealed
out as a compromise to our incomplete modeling abilities aralsmooth behaviour along thé ;-log ¢ plane of our program
of course, refers to the employed atlas and model atmosphstars. Whether metallicity or age do have a major impact is not
Other combinations, such as the often used solar intensity spibet clear, but metal-poor stars are normally very slow rotators,
tra, will certainly show up different results. But as long as thehich is a very useful information, when considering the indi-
analysis is done in a consistent and differential manner, theidual contributions of macroturbulence and rotation for certain
is the justified hope that the microturbulence values obtainstrs. In our work we employ the macroturbulence parangeter
for other stars give rise to a reliable abundance scale that keepthe radial-tangential form and adopt values as prescribed in
systematic errors to a minimum. Gray (1984 1992), with some allowance to slightly smaller
If we employ the Kitt Peak Solar Flux Atlas as the primaryalues ¢-0.5 km s™*) for stronger lines (cf. Gray 1977). Along
reference, another important advantage results from the fact tyéh the known instrumental profile, the projected rotational ve-
Moon spectra, acquired with the same settings as the progﬂ@ﬁ'ities are then obtained as the residuals to the observed line
stars, can be compared with the convolved solar Spectrunf)f@f”es. It turns out, that eventually a few metal-poor stars with
derive the respectivimstrumental profiles
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negligiblevsini’s require somewhat lowelz values than pro- the spectroscopic distance scale with the Hipparcos astrometry
posed by Gray’s work. on the base of the data of the preceding columns.

As a final remark, we note that the atmospheric parameters At the end of Tabl€]1 two groups of stars are listed sepa-
presented in this work are by no means obtained in a straightfé@tely. First, suspected spectroscopic binaries or variable stars,
ward manner. Several steps are subject to iterative proceduiéggested as such from inconsistencies with the Hipparcos par-
and almost every star is observed and analyzed twice. Oth@lkixes, and, second, a few objects that could not be analyzed
like the bright F5 staProcyonand the Moon, were repeatedlyfor the (suspected) presence of a companion spectrum.
monitored for an intercomparison of different observing runs as We complete the description of Talble 1 with a few general
well as different spectrograph settings. The results are enca@marks on the given error estimates. To be specific, we ask
aging in that redundant observations provide stellar atmosphevieetherinternal or externalerrors should be tabulated. Neither
parameters with fairly small intrinsic scatter. This situation waghoice is probably a good one, because internal errors tend to be
again improved with the introduction of the A% CD in Oc- Vvery smallwith little relevance to the physical quantity, whereas
tober 1996, and further developments are expected for the nesters claimed to be “external” have often turned out to be a fake.
observing seasons, as soon as the fiber interface will achievethe recent Hipparcos data have shown some striking examples
expected performance. in this respect.

To exemplify this difficulty we consider the data for the

metallicity in column (7): many of our spectra are investigated
4. Results for about 30 Fe | and 10 Fe Il lines. They provide an internal

error of the mean of usually less than 0.01 dex and evernike
Before we consider individual results in more detail, we giveedror is typically smaller than 0.03 dex. If, however, we repeat
description of Tablg]1 that summarizes the relevant data. Edish analyses with a second spectrum of the same star the results
star is represented in two consecutive rows, one for the stelddien differ by the same 0.03 dex, that is, the error of the mean
parameters and the other for the corresponding error estimaggstainly has little or no meaning. Butalso the 0.03 dezerror
Columns (1) — (3) give the object names and/or catalogue nueesresponds to less than1.5 mA for many of the investigated
bers. The apparent visual magnitudes in column (4) are takesn lines. This is in fact a very small amount and though it is
from Mermilliod, Mermilliod & Hauck [1997). The next threepleasing to be statistically that precise with the modern solid
columns tabulate the basic atmospheric paramétgrs log g state detectors, does this value necessarily imply a meaningful
and [Fe/H], supplemented by the microturbuletice column measure for the accuracy of the star’s metallicity? We hesitate
(8) and the [Mg I/Fe I] abundance denoted as “Mg” in columt® flag this parameter with such a small uncertainty. Instead, it
(9). Error estimates for the surface gravities, the microturb&eems more reasonable to give an error estimate that is not too
lence values and the magnesium-over-iron abundances are f@imal or too optimistic, and not the worst case scenario. The
erally assumed to be 0.1 dex, 0.2 dex, and 0.05 dex, respectivaiain driving force should rather be the inexperienced “user” of
the effective temperatures and metallicities have typical errdhe data, who is asking to what extent one might apply or trust
of AT, ;s ~ 80 KandA[Fe/H]~ 0.07 dex. As explained in the the results with our current understanding.
preceding section, the macroturbulence val(}¢s in column In this respect the error estimates of Tdlle 1 are neither in-
(10) are generally taken from Gray (1984, 1992) with only mindernal nor external, but the subjective assessment of the general
corrections for few metal-poor stars. Téxni values in column quality thatemerged in the course of this work. If known system-
(11) are derived from the line profile analyses, but they haveatic effects are likely to come into play we have tried to mention
be considered in conjunction with tggr values of the preced- these restrictions in the relevant discussions of the individual
ing column. The absolute bolometric magnitudes in column (1@arameters.
are calculated from the Hipparcos parallaxes, the V magnitudes
of column (4) and the bolometric corrections of column (13
the latter are taken from Alonso, Arribas & Maréz-Roger
(1995) for which we adopfA BCy ~ 0.05 mag as a represen-We commence with the discussion of Hif. 3 that compares our
tative error for all stars. Interstellar extinction is usually foundpectroscopically deduced distances with the solid space-borne
to be negligible, except for HD 45282, the most distant star astrometry of the Hipparcos satellite. The analyses of the stel-
the sample, wherd - ~0.10 is indicated from Séimgren pho- lar spectra leads to the determination of the effective temper-
tometry. As mentioned in the Introduction, many of the stellatures, surface gravities and metallicities. Application to evo-
masses in column (14) are presumably subject to small corrkgionary tracks yields the stellar masses, and along with the
tions, typically 5%. The tabulated data are either taken froapparent bolometric magnitudes of the stars, the calculation of
log T, s - My, isochrones of Bergbusch & VandenBerg (1992)5pectroscopic parallaxeis feasible and provides a very deci-
or recent calculations of J. Bernkopf (private communicatiorgive test to our notions of the precision of modeling, especially
The general uncertainties of the stellar masses are assessédfdhe underlying astrometric scale is that well established.
be less than 10%. The stellar radii in column (15) are immedi- In this respect we consider Fig. 3 to be a very encouraging
ately obtained from the effective temperatures and bolometrasult for the quality of our current model atmosphere analyses
magnitudes. Finally, the last three columns (16) — (18) compdhat is reassuring for further work to come in the era of the forth-

2i.l. Discussion of the stellar parameters
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Table 1. Stellar parameters of the program stars. Most of the entries are self-explanatory; Mg denotes the [Mg I/Fe |] abdpgatite,
column (16) is the Hipparcos distanek,, in column (17) the spectroscopically deduced valid, the difference of both. For each star the
second row indicates the error estimates. The macroturbulencedvatus generallyadoptedaccording to the relations given in Gray (1984,

1992), with only few small adjustments for metal-poor stars. The bolometric magnitudes in column (12) are based on the Hipparcos parallaxes,
with bolometric corrections taken from Alonso, Arribas & Marz-Roger (1995) and tabulated in column (13). Erroie®f, &, [Mg I/Fe ]

and BCy are estimated to be 0.1 dex, 0.2 dex, 0.05 dex and 0.05 dex, respectively. Uncertainties for the stellar masses are expected to be less
than 10%. At the end of the table two groups of stars are listed separately: first, the six objects — depicted by open cirdlés in Fig. 3 — that are

considered as outliers, and, second, stars that could not be analyzed for their putative or definite presence of a companion spectrum

(1) (2 3 4 (5) (6) ()] (C)] 9) (10) (11) (12) (13) (14) (15) (16) (17 (18)
Object HR HD 1% Ters logg [Fe/H] & Mg Crr  wsini My BCv Mass Radius duip dsp Ad
[K] [km/s] [km/s]  [km/s] Mol [Rel [pc] [pc]  [%0]
17 400 6.190 6149 4.06 -0.25 1.31 +0.08 5.6 4.3 3.49 -0.10 1.09 1.57 33.05 34.03 3.0
0.061 80 0.10 0.07 0.20 0.05 0.8 0.09 0.05 0.08 0.77 4.76
3079 7.376 6050 4.17 -0.14 1.42 +0.06 51 2.3 3.90 -0.11 1.07 1.34 47.17 49.60 51
0.009 80 0.10 0.07 0.20 0.05 1.0 0.10 0.05 0.08 2.02 6.80
n Cas 321 6582 5.163 5387 4.45 -0.83 0.89 +0.42 2.0 1.0 5.54 -0.23 0.75 0.80 7.55 8.12 7.4
0.016 80 0.10 0.08 0.20 0.05 1.0 0.05 0.05 0.03 0.03 1.12
44 And 340 6920 5.661 5838 3.48 -0.05 1.35 +0.06 4.9 11.6 1.93 -0.12 1.64 3.58 52.69 56.94 8.1
0.010 80 0.10 0.09 0.20 0.05 0.8 0.10 0.05 0.19 2.05 7.82
v And 458 9826 4.086 6107 4.01  +0.09 1.40 +0.03 5.4 9.5 3.36 -0.08 1.27 1.69 13.47 14.69 9.1
0.013 80 0.10 0.06 0.20 0.05 0.8 0.06 0.05 0.06 0.13 2.01
6 Per 799 16895 4.107 6248 4.20 -0.01 1.42 +0.01 5.8 9.1 3.78 -0.08 1.17 1.33 11.23 12.00 6.9
0.017 80 0.10 0.07 0.20 0.05 0.8 0.06 0.05 0.05 0.10 1.65
51 Ari 18803 6.616 5657 4.39 +0.14 0.87 -0.01 3.1 2.0 4.84 -0.15 1.02 1.00 21.16 22.71 7.3
0.022 80 0.10 0.07 0.20 0.05 1.0 0.07 0.05 0.04 0.41 3.13
19445 8.054 6016 4.38 -1.95 1.35 +0.46 4.2 1.0 491 -0.21 0.74 0.85 38.68 41.75 7.9
0.023 80 0.10 0.07 0.20 0.05 1.0 0.11 0.05 0.05 1.78 5.74
20619  7.044 5706 4.48  -0.20 0.90 +0.02 3.3 15 4.93 -0.15 0.93 0.94 24.68 2416 -2.1
0.021 70 0.10 0.07 0.20 0.05 1.0 0.08 0.05 0.04 0.61 3.31
22879  6.689 5867 426 -0.84 1.21  +0.43 4.2 1.0 4.59 -0.17 0.82 1.04 24.35 26.08 7.1
0.009 80 0.10 0.07 0.20 0.05 1.0 0.07 0.05 0.04 0.52 3.58
1545 30743 6.260 6298 4.03 -0.45 164 +0.14 6.1 51 3.41 -0.10 1.04 1.55 35.36 37.25 5.3
0.009 80 0.10 0.07 0.20 0.05 1.0 0.08 0.05 0.07 1.03 5.10
45282  8.029 5282 3.12 -1.52 1.43 +0.37 4.2 1.0 1.98 -0.28 0.90 426 136.24 138.55 1.7
0.008 80 0.10 0.06 0.20 0.05 1.0 0.31 0.05 0.66 20.50 19.10
Procyon 2943 61421  0.367 6470 401 -0.01 191 +0.06 6.8 2.6 2.59 -0.06 1.60 2.15 3.50 337 -36
0.010 80 0.10 0.07 0.20 0.05 1.0 0.05 0.05 0.07 0.01 0.46
p1 Cnc 3522 75732 5.942 5336 4.47 +0.40 0.76 +0.00 1.9 2.5 5.23 -0.22 1.08 0.94 12.53 13.45 7.3
0.015 90 0.10 0.07 0.20 0.05 1.0 0.06 0.05 0.04 0.13 1.87
47 UMa 4277 95128 5.051 5892 4.27 +0.00 1.01 +0.00 4.0 1.5 4.19 -0.12 1.03 1.24 14.08 14.03 -0.3
0.016 70 0.10 0.07 0.20 0.05 1.0 0.06 0.05 0.04 0.13 1.92
B Vir 4540 102870 3.608 6085 4.04 +0.14 1.38 +0.01 5.2 2.5 3.34 -0.08 1.27 1.72 10.90 11.31 3.8
0.010 80 0.10 0.09 0.20 0.05 1.0 0.05 0.05 0.06 0.09 1.55
4550 103095 6.446 5110 4.66 -1.35 0.85 +0.28 1.0 1.5 6.33 -0.31 0.64 0.62 9.16 9.23 0.8
0.009 80 0.10 0.10 0.20 0.05 1.0 0.05 0.05 0.02 0.07 1.28
B CVn 4785 109358  4.260 5863 4.36 -0.21 1.12 +0.07 4.1 1.8 4.51 -0.13 0.96 1.08 8.37 834 -04
0.007 70 0.10 0.06 0.20 0.05 1.0 0.05 0.05 0.04 0.06 1.14
114762 7.308 5934 4.11 -0.71 1.14 +0.33 4.1 1.0 4.12 -0.15 0.88 1.27 40.57 43.98 8.4
0.013 80 0.10 0.08 0.20 0.05 1.0 0.14 0.05 0.09 2.52 6.04
70 Vir 5072 117176 4.975 5483 3.82 -0.09 1.02 +0.08 3.9 15 3.50 -0.19 1.07 1.97 18.11 19.43 7.3
0.008 80 0.10 0.07 0.20 0.05 1.0 0.06 0.05 0.08 0.24 2.67
T Boo 5185 120136  4.496 6360 4.17 +0.27 1.56 +0.00 6.3 15.6 3.48 -0.05 1.42 1.48 15.60 17.19 10.2
0.008 80 0.10 0.08 0.20 0.05 0.7 0.06 0.05 0.05 0.17 2.35
A Ser 5868 141004 4.426 5864 4.09 -0.03 1.05 +0.02 4.4 2.0 3.95 -0.12 1.01 1.39 11.75 12.67 7.8
0.009 70 0.10 0.06 0.20 0.05 1.0 0.05 0.05 0.05 0.11 1.73
p CrB 5968 143761 5.412 5821 4.12 -0.24 1.10 +0.19 4.1 1.0 4.07 -0.14 0.97 1.34 17.43 18.47 6.0
0.016 80 0.10 0.08 0.20 0.05 1.0 0.06 0.05 0.05 0.22 2.54
19 Dra 6315 153597 4.889 6275 436 -0.11 1.48 +0.01 5.6 8.9 3.91 -0.09 1.17 1.24 15.09 1439 -46
0.016 80 0.10 0.08 0.20 0.05 0.8 0.05 0.05 0.05 0.11 1.97
154345 6.765 5507 457  -0.03 0.70  -0.03 25 2.4 5.30 -0.18 0.98 0.85 18.06 18.07 0.1
0.012 80 0.10 0.07 0.20 0.05 1.0 0.06 0.05 0.03 0.18 2.49
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(€] @ (©) @ ®) (6) @ ®) 9 @) @1 (12) (13) (19 (15 (1) 1 (18
Object HR HD \% Terr logg [FelH] &t Mg (grr wsini My, BCy Mass Radius durp dsp Ad
K] (km/s] tkm/s]  [km/s] [Mo]  [Rol [pc] [pc] [26]
72 Her 6458 157214 5394 5735 424 034 100 +0.38 3.7 1.0 445 015 0.90 116 1439  14.80 2.8
0.013 80 010 007 020 005 10 005 0.05 0.04 012 2.03
u Her 6623 161797 3.417 5596  3.93 +0.23 117 +0.00 4.1 10 364 -015 114 177 840 9.12 8.6
0.014 80 010 007 020 005 10 005 0.05 0.07  0.04 1.26
165401 6.804 5811 441 -039 110 +0.33 3.8 20 472 -015 092 1.00 2439 2425 -06
0.008 80 010 008 020 0.05 1.0  0.07 0.05 0.04 053 3.33
36 Dra 6850 168151 5.022 6357 4.02 -0.33 168 +0.13 6.3 92 307 -009 117 178 2350 2316 -14
0.018 80 010 007 020 0.05 08  0.06 0.05 007 025 3.17
184499 6.628 5828 413 -051 117 +0.40 42 10 395 -015  0.90 141 3196 3066 —4.1
0.011 80 010 007 020 005 1.0 007 0.05 0.06  0.65 421
16CygA 7503 186408 5960 5805 4.26 +0.06 1.03 +0.01 3.9 20 416 -012 104 129 2162 2096 -3.1
0.009 60 010 005 020 0.5 1.0  0.06 0.05 0.04 024 2.85
16CygB 7504 186427 6.215 5766 429 +0.05 0.89 +0.03 37 15 443 -013 101 116 2141  22.08 3.1
0.014 60 010 005 020 005 1.0 006 0.05 0.04 024 3.01
o Aql 7560 187691 5.116 6088  4.07 +0.07 135 +0.03 5.2 30 359 -0.09 1.20 153 19.39  21.25 9.6
0.005 80 010 008 020 005 09 006 0.05 0.06  0.29 2.91
7569 187923 6.142 5713 397 -020 119 +0.19 4.0 15 378 -015  0.99 159 27.66  29.72 7.4
0.015 80 010 010 020 005 1.0 007 0.05 0.07 062 4.09
7670 190360 5.730 5588 427 +0.24 098 +0.03 3.1 28 457 016 104 116 1589  17.01 7.0
0.023 80 010 008 020 005 1.0 006 0.05 0.05  0.16 2.35
194598 8.345 6058 427 -1.12 145 +0.29 4.6 10 445 017 084 1.04 5574  59.66 7.0
0.010 80 010 007 020 005 1.0 016 0.05 0.09 414 8.18
201891 7.373 5943 424 105 118 +0.41 45 10 446 -017 081 1.08 3539  37.22 5.2
0.011 80 010 008 020 005 1.0  0.09 0.05 0.06 131 5.11
204155 8.495 5829 412 063 118 +0.41 42 10 391 -016 088 144 7680 7226 59
0.009 80 010 008 020 005 1.0 020 0.05 0.14  7.16 9.92
15 Peg 8354 207978 5532 6313 394 052 157 +0.21 6.2 68 321 -011  1.04 169 27.66  29.64 7.1
0.015 80 010 007 020 005 08 007 0.05 0.07 054 4.06
210277 6.590 5541 442 +0.26 0.73 -0.01 2.6 20 478 -017  1.09 1.07 2129 2131 0.1
- 80 010 007 020 005 10 006 0.05 0.04  0.36 2.93
8472 210855 5.251 6176  3.81 +0.21 161 +0.02 57 115 234 007 155 264 3700 3598 27
0.015 80 010 006 020 005 08 007 0.05 011 068 4.93
51 Peg 8729 217014 5463 5793 433 +0.20 095 -0.03 3.7 20 441 -012 111 116 1536 1585 3.2
0.020 70 010 007 020 005 1.0 006 0.05 0.04 018 217
5 And 8805 218470 5.680 6407 407 -0.12 185 +0.07 64 131 294 -007 133 186 3409 3232 52
0.029 80 010 008 020 005 1.0 007 0.05 0.08 074 4.44
221830 6.851 5749 419 -036 114 +0.38 3.6 1.0 415 -015  0.90 133 3233 3084 -46
0.008 80 010 007 020 0.05 1.0  0.07 0.05 0.06 078 4.24
L Psc 8969 222368 4.124 6157 395 -019 151 +0.09 5.6 51 333 -010 1.14 169 1379 1533 112
0.006 80 010 007 020 0.05 1.0 0.6 0.05 006 017 2.10
79 Cet 16141 6.832 5737 392 +0.02 1.24 +0.04 42 1.0 392 -013 101 148 3591 4438 236
0.014 70 010 008 020 005 1.0 012 0.05 0.09 189 6.07
G 78-1 9.160 5895 4.1 -0.88 114 +0.38 45 1.0 480 -017 087 0.93 6892 100.62  46.0
0.000 90 010 008 020 005 10 021 0.05 010 667 1387
elLib 5723 137052 4.929 6283 394 -003 189 +0.08 65 102 230 -0.08 146 260 3236 2675 -17.4
0.005 80 010 008 020 005 08  0.09 0.05 013 107 3.66
~ Ser 5933 142860 3.842 6254 402 -0.19 136 +0.04 59 106 352 009 117 150 1112 1303 17.2
0.018 80 010 007 020 005 08  0.06 0.05 0.06  0.09 1.79
35Dra 6701 163989 5033 6116 362 -0.14 161 +0.05 5.7 20 240 -010 141 262 3212 3738 164
0.027 80 010 007 020 005 1.0 007 0.05 011 049 5.14
99 Her 6775 165908 5.047 5994 401 -0.61 125 +0.18 4.6 1.0 393 -014 091 135 1565 1818 162
0.013 80 010 007 020 005 1.0 005 0.05 0.05 014 2.49
5534 130948 5.855 - - - - - - - - - - - 17.94 - -
0.005 - - - - - - - - - 026 -
7955 198084  4.513 - - - - - - - - - - - 2712 - -
0.012 - - - - - - - - - 034 -
201889  8.055 - - - - - - - - - - - 5571 - -
0.015 - - - - - - - - - 486 -
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Fig. 3. Comparison of the spectroscopic versus astrometric distance scale. Errors in the Hipparcos data are negligible below 10 pc, comparable
around 100 pc and get worse beyond; the shaded wedge illustrates this behaviour for a typical parallax error of 1 mas. Statistical corrections to
account for the possible bias in the astrometric data of the few more distant objects are very small and therefore neglected. Individual uncertainties
of the spectroscopic data are about 10-15% (dotted curve), with no dependence on distance. The spectroscopic distanbeghersalties

by 3.4% on average, and a statisticakerror of 4.9%. The corresponding offset in the surface gravity parameter — to which this result is most
susceptible — ig\ log g ~0.03 dex. Consequently, the accuracy of the well-defined correlation reveals several outliers (open circles), most of
which are supposed to be spectroscopic binaries. By means of an itekativite3ion three deviating stars are immediately identified: 79 Cet
at4.1%, e Lib at 4.24, and G 78-1 at 8.G8 the latter two are in fact known as spectroscopic binaries. Three other-stes, 35 Dra and

99 Her, are slightly below thed3threshold. The weakest case, 99 Her at 2,68 however a well-known visual binary {56 yr) that was

separated by only a few tenths of an arcsec at the time of observation (see text for details)

coming large telescopes. The well-defined distance correlation On the other hand, the diagram shows consistent results with
basically confirmghe accuracy of the surface gravity deterbothlog g methods for the late-type stars. Even more it turns
minations to which Fig[3B is most susceptible: the systematimut that our data for the strong line method reveal a convergence
deviation of 3.4% translates to/alog g of only 0.03 dex! As behaviour for théog ¢ corrections that deteriorates towards the
opposed to this, surface gravities of F stars at the turnoff camolest of the investigated stars. This is however not a principal
easily show discrepant results ©0.4 dex if derived from the drawback of the method. It merely results from the fact that the
usually employed LTE iron ionization equilibrium. two important Mg | lines\4571 and\5711, which are normally
weak and thereby serve to fix the Mg | abundance, increase in
strength and develop pressure-dependent line wings on their
In Fig.[4 we display this finding in th&.;-log g plane, own. In addition, the problem of line blends becomes severe
where surface gravity parameters derived from the LTE irgor late-G and K stars, and requires a complete profile synthesis
ionization equilibrium method are compared to the strong ling all relevant lines for the study of the Mg Ib line wings. The
method (here, and in what follows, the six deviating open circi®ol main-sequence star HR 4550, also known as Gmb 1830, to
stars of Fig[B are omitted). As is immediately obvious, the very right in Figl#, was actually not analyzed by means of
discrepancies increase towards hotter stars, i.e. they mustHestrong Mg Ib lines for exactly this reason, although this is a
affiliated with either NLTE effects of Fe I lines or an incompleteénetal-poor halo star with [Fe/H] —1.35.
modeling of the underlying atmospheres to which these lines are
very sensitive in this temperature range.
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Fig. 4. Deviations in thespectroscopidog g determinations between Fig 5 The microturbulence dispersion of the program stars. Circle di-
the ionization equilibrium method and the strong line method in thgneters are in proportion to tievalues of Tablgl1. A smooth correla-
Kiel diagram Circle diameters are in proportion to the derived disjon along the main sequence and towards evolved stars is noticeable.

crepancies (for an identification of individual objects the reader shoufgle dependence on metallicity is weak (cf. for instance the neighboring
consult Fig[2). Cool stars, on either the main sequence or in evolvgdene andu Cas)

stages of evolution, reveal no significant deviations. Hotter stars, and
in particular many turnoff objects, are however notably affected. The

largest circle in the diagram correspondgMdog g ~0.45 dex. There L N . .
is also some indication that metal-poor stars require lafgésg g Fe /1l ionization equilibrium results in non-discrepant surface

corrections (cf. HD 19445) gravity values, NLTE effects or existing shortcomings of the
model atmospheres are unlikely to have a significant impact.
Uncertainties in the effective temperature scale for the hotter
In practice we employed botlog ¢ methods for stars of stars also pose no difficulties, since the employed Fe Il lines are
approximately solar effective temperature, discarded the resalisiost unaffected by changes of e.g. 100 K. Uncertainties in the
of the iron ionization equilibrium for the hotter stars, but madeffective temperature scale for the cooler stars can be excluded
use of it with increasing weight towards the late-type stars. for the close coupling with the surface gravities as explained
The applicability of the iron ionization equilibrium methodabove. If the 3.4% systematic deviation of the distance scale in
for the cool stars of the sample has an important impact on #Rig.[3 is exclusively related to the surface gravity parameter, the
assessment of the reliability of the Balmer lines as an effemrresponding\ log g ~0.03 dex discrepancy propagates into
tive temperature indicator for these objects. If, for instance, vaemereA[Fe/H]~0.02 dex in metallicity. One possible source
would adopt an effective temperature for HR 4550 that deviatekerror may however affect the analyses of the faster rotating
by 100 K from our preferred value, this causes a shifbgng by  (vsini > 10 km s71) F stars that could lead to artificial over-
~0.2 dex and a corresponding error-020% for the distance abundances as a result of line blending. Similarly, careful line
scale. This is however not observed in [Elg. 3 for any of the cqaiofile analyses are required for metal-rich stars and towards
stars, regardless of the metal content or evolutionary stage.tAg cool end of the sample, where severe line blending and the
a result, the Hipparcos data provide convincing evidence tha¢reasing difficulty in the positioning of the continuum may
the Balmer-line-based effective temperatures are most likellgo give rise to artificially high abundances. As a pertinent ex-
unaffected by systematic errors in this temperature rakije ample, we mention the analyzed Moon spectra that exceed the
fortunately, the decoupling of the methods for the; and expected solar abundance £%.02-0.03 dex. At present it is
log g determinations of the hotter stars makes no allowance faowever not yet clear, whether this finding has its origins in the
a similar precise statement on the effective temperature scal@loéady mentioned problems with the spectrograph fiber, which
the investigated F stars. Note however, that our effective teparticularly limits the quality of the available spectra, notably
perature value for the F5 st®rocyonat the very hot end of the exact positioning of the continuum. The next observing runs
the sample is not in conflict with existing results from direawill hopefully give an answer to this question.
diameter measurements (e.g. Code et al. 1976). NeverthelessAnother concern is related to the analysis of the Fe Il lines:
some interferometric data for at least one metal-poor star at foethe same reason that renders them very sensitive to the sur-
turnoff would be very welcome. face gravity parameter, they also respond to details of the rel-
With the information of a fairly well determined surfaceative elemental mixture, especially to the existence of an en-
gravity scale, we can now attempt to address the accuracy oftiamcement ofv-elements in metal-poor stars. If not taken into
stellarmetallicities Since we take only Fe Il lines into accounticcount discrepancies of 0.1 dex are easily achieved. Conse-
for the hotter stars, and Fe | lines in only those cases when theently, many older analyses of metal-poor stars not only failed
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Fig.6. Correlation of the macro-/microturbulence ratio vs effectivb'9 /- Same as Fi.16, but displayed in tiiey-log g plane

temperature

with the interpretation of Fe | lines for the reasons mentioned [
above, but also with the Fe Il lines. Fortunately this disadvan- 3.5

tageous behaviour of the Fe Il lines is considerably relaxed for
the hotter stars, where the relative contribution of the hydrogeg @
electrons is effectively increased in the line forming regions. ¥ wob o @ @ I ]

A final but no less important concern for the derived abun- | %O o8 B 1
dances has to do with the adopted microturbulence parameter, ‘ 1
as discussed in the preceding section.[Hig. 5 displays the results . 1
for our sample in thd¢s;-log g plane, where it emerges as a 45 .
smoothly variing function with only little response to the stel- I ° ]
lar metallicity. This uncomplicated behaviour argues against the . o o o .
occurrence of imponderable effects as a result of an otherwise 6500 6000 5500 5000
poorly understood phenomenon; nevertheless errors in [Fe/H] Tegy
on the 0.04 dex scale as a result of uncertaintieg icannot _ o . . - .
be excluded. Taking all these uncertainties into account, accu':rgg—' 8. Distribution of the Proj.eCted rotational Velocme?' The diagram

. . confirms the well-known finding of a marked onset to highni values
cies in metallicity better thaA[Fe/H]=0.05 dex are presumablyfor F-type stars
beyond the scope of our current abilities, irrespective of the pos-
sibility that errors irll. s y andlog ¢ may actually be very small.

If we compare the results of Figl 5 for the microturbulence The stellar radii presented in Figl 9 are immediately ob-
parameter with the findings of Grely (1984, 1992) for the relateésined from the stars’ luminosities and effective temperatures.
large-scale motion, it is no surprise that ter/; ratio dis- The error estimates tabulated in column (15) of Table 1 assume
played in Figs[16 and 7 is fairly well correlated and in particulahe quadratic addition of the individual uncertainties. Interest-
very flat above~5500 K. Consequently, one might computéngly, most stellar radii turn out to be fixed to better than 5%, a
the macroturbulence parameter from a stgy'salue. On the result that of course benefits very much from the accuracy of the
base of our rather small sample this result is however at beipparcos parallaxes. If, as argued above, the Balmer lines pro-
preliminary and requires further confirmation. vide a fairly well-defined effective temperature scale, the given

Another interesting and also much-discussed characteristiellar radii may indeed be very reliable. A tiny systematic ef-
is the overall distribution of the projected rotational velocitiekect is nevertheless conceivable from the adopted bolometric
displayed in FiglB. The rapid decline towards slow rotators foprrections in column (13): an increase of the tabulated values
late-type stars is generally assumed to be the result of a convecA BCy = 0.05 mag, entails a-2.3% decrease of the stellar
tively induced magnetic-dynamo braking. Our data imply a hoadii. For comparison, increasing the effective temperatures by
end for a successful spindown slightly bel@w;; ~ 6100 K AT, = 50 K corresponds to a1.7% decrease in radius.
(except for the young subgiant 44 And, cf. SEcil 4.3), but again, For a comparison of the spectroscopically deduced paral-
the sample is not that large as to draw firm conclusions, alaces with the astrometric scale some information of the stel-
should consult a detailed discussion of the stellar ages as whdl. masses is required and usually obtained from evolutionary

@
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a0k Radius ] Avery important parameter for Galactic evolution studies is

r Q 1 the relative [Mg/Fe] abundance as a function of a star’s overall
L { iron abundance and age that is shown in the upper panel of
b O 1 Fig.11. Here the circle diameters are meant in proportion to the

stellar ages. Though many of them are at present only qualitative

estimates, a few basic results are nevertheless indicated to an
@ © 1 interesting accuracy (a detailed discussion of refined stellar age
< determinations will be given in due course).
o o ° S % ] In what follows we shall proceed however with the per-

° "®Q% © 1 spective displayed in the lower panel of Figl 11 that gives an
sl © s @ e ] improved understanding in terms of sites of nucleosynthesis,
° { with magnesium, being a principal SN Il product, as the inde-
1 pendentvariable and [Fe/Mg] as ordinate. Notably this point of
s N N 1 view reveals a remarkable feature, in thatthenhancement —

6500 6000 2500 2000 or, more precise, theon deficiency- can be found in stars up to
solar magnesium abundances, where a diséidgeoccurs. On
Fig. 9. Distribution of the stellar radii the other hand, most of the magnesium-rich stars tightly follow
thesolar Fe/Mg abundance ratio.
N I With a sample of less than fifty stars there is again a certain
R Vcee ° { danger for an overinterpretation of Fig.11, but nevertheless the
1 scatterinterms of [Fe/Mg]among the old magnesium-poor stars
L { suggests a lower degree of mixing of the corresponding proto-
3.5 © 4 stellar materid, as opposed to the objects with [Mg/H) that
I ] show a well-defined relative solar abundance mixture. Hence,
o ® 1 there is evidence from chemistry for what we usually call a
© 1 stellar populationand notably the stars at approximately solar
o 9 . 1 Fe/Mgabundance are immediately recognizable aththedisk
°ew oL o 1 component. The abrupt change at [Fe/Mg{=4 and solar mag-
nesium abundance, with a paucity of old stars on the way “up”
° ] to solar abundance ratios, on the other hand, is very indicative
° { ofanepoch, where the early Mg enrichment from SN Il events
) L L . . 1 hadcometoanendandwas followed by a gradual SN la-driven
6500 6000 5500 5000 build-up of iron, while the star formation rate was at a minimum.
off The next phase of activity, which we identify withe onset of
the Galactic thin-disk formatigrthen led to very high magne-
sium abundances which were the seeds for many long-lived stars
formed right from the start: age determinations of magnesium-
rich thin-disk stars like 16 Cyg, HR 767@, Her and 70 Vir
tracks. If however we make use'df; ;- My, diagrams, instead provide very strong evidence that at leasd-9 Gyr elapsed
of Ty -log g Kiel diagrams this is admittedly a small incon- since then, whereas both,CrB and HR 7569, in the transi-
sistency, in that the derived masses are not obtained on pukgiy region at [Fe/MgE —0.2 must be very close te-10 Gyr
spectroscopic grounds. But since our primary interest is to i Bernkopf, private communication). As opposed to this, it ap-
vestigate the reliability of the surface gravity parameter apars that those stars with [Fe/Mg]-0.25 are at least that old
Hipparcos provides solid data for the,,,’s of nearby stars, (HD 165401) or even well above 12 Gyr.
we preferred to decouple the mass dogly determinations.  The fact that some stars on the high side of Fig. 11 do have
A posteriori it is however clear that the spectroscopic gravitiggnsiderable ages supports the notion of a weak age-metallicity
indeed imply almost exactly the same stellar masses from agation for the thin disk for at least the above mentioned past
Tess-log g diagram. ~8-9 Gyr. Similarly, the iron deficient turnoff stars 72 Her and
Our stellar mass estimates are tabulated in column (14)K1D 221830 surpass the solar magnesium abundance, although
Table[1 and displayed in Fi§110. We repeat the above mehey may be as old as14 Gyr. Therefore, Fig_11 is not a
tioned concern that they may have general uncertainties of ugiiple evolutionary sequence in the sense “from left to right”,
10% and many of them are probably subject to additional smiilt instead, the fairly well-defined sequence of metal-rich stars
adjustments on the base of forthcoming computations. Foritith almost zero slope in the relative elemental mixture, as well
nately, this has only a small impact on the general results of
Fig.[3: a systematic 5% increase of the stellar masses increasesn this connection we also refer to the results of recently analyzed
the spectroscopic distance scale-b%.5%. halo stars by Nissen & Schuster (1997) and King (1997)

log g
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@
@]
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Fig. 10. Distribution of the stellar masses
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Fig. 11. Top: abundance ratio [Mg/Fe] vs [Fe/H]. Bottom: the same data, but with magnesium as reference element. Circle diameters denote age
estimates, with small diameters indicating the youngest stars. Diffstedlgtr populationgre given with various grayscale symbols as indicated
in the legend on top, and are based on abundance, kinematics and age informations (see text for details)

as the general iron deficiency ([Fe/Mg]—0.25) among the small sample involved, but the good separability of the thin- and
old (>10 Gyr) stars, provide a clear signature that Fid. 11 thick-disk stars in the [Mg/H]-[Fe/Mg] plane of Fig.1L1 certainly
predominantly atellar population diagram has a non-negligible impact as well. Note in particular than an

We have indicated this finding by means of differerfdequate segregation of samples selected on grounds of high

grayscale symbols as explained in the legend on top of Fig. PIOPer motion and flagged with a single metallicity parameter
The halo component is separated by the dividing line pmp_annot be achieved. The presence of disk stars as old as the Sun,

sented in the [Fe/H},.; diagram of Schuster, Parrao &Putborne in metal depleted (both in Mg and Fe) surroundings,
Contreras Maihez [1993) that combines the stellar velocit{® 29ain |nd|ca_\t|ve_ ofa rather_|n5|gn|f|cant ag_e-metalllcny re_:la-
component in the direction of the Galactic rotation, with thin for the thin-disk population and the notion that chemical
stars’ metallicities. Thereby HD 184499, HD 201891 ar@as enrichment does not proceed in a straight and regular manner.
are close to the limit of the halo stars, whereas HD 194598 is We recall that with our small sample of stars part of the
already identified as such (the exact assignment is howevefgerpretation of Figl 11 must be preliminary at present, but
only minor importance in this context, since we are rather cofevertheless there can be no doubt that diagrams of this kind
cerned with the separation of the two disk populations). The st¥fgich combine metallicity, elemental abundance ratios, kine-
with solar [Fe/Mg] metallicities, on the other hand, must be tHgatics and age providirst classinformation on the ancient
usualthin-diskstars, as explained above, but one may realig®ochs, on stellar populations, the chemical evolution, and the
that there is also an elongated tail in Figl 11 to the metal-pd¥iocess of galaxy formation in general. We return to this point
regime. Though these stars show a substantial overlap in meifathe final section.

licity with the old, iron-deficient stars, they cannot be confused

with this component on the base of their age and kinematigs, Spectroscopic binaries

the four most “extreme” of these, 15 Peg, HR 1545, 36 Dra

and HR 17, are presumably younger thaid Gyr and show Even if we would have tried not to pollute the sample with spec-
Vot Values typical for thin-disk stars, whereas those denot&dscopic binaries, in practice this hope is almost never fulfilled.
as thethick-diskcomponent in Fig_1l1 possess an asymmetriia case of double-lined spectroscopic binaries the diagnostics of
Stromberg drift of~70 km s™L. This, at first glance, consider-the combined light can actually be trivial and straightforward.
able lag in rotational velocity may have to do with the relativelnresolved stars of very similar spectral types, on the contrary,
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and 35 Dra will be briefly discussed in the next subsection,
whereas 99 Her is a well-known visual binary that we inten-
tionally included in the sample for this system provides a rather
well-definedaboratorywith two components that are currently
separated by only a few tenths of an arcsec (cf. Eggen| 1965,
p.26, Ghez et al. 1995, Heintz 1996). Compared to the seeing
conditions of our observations, which wete2’5, this means
that the light of both stars was superimposed on the detector.

Flux [cgs x 1E14]

z 9O . P E The 99 Her system has been tracked since more than a
= 0.90¢ 1 century (cf. Kamper & Beardsley 1986), the orbital period is
;E 0-85¢ i about~56 years. The A component &t=5.05 is classified as
3 0.80F 1 F7V, the B component dt=8.45 as K5V. Our analysis of the
0.75F i combined light results ifl.;; = 5994 K, log g = 4.01 and
0.70E ‘ i [Fe/H]= —0.61. In comparison with the work of Edvardsson et

6560 6570
A [A]

6550 6580 al. (1993), who derivéog g = 4.48, this is a huge discrepancy

for thelog ¢ parameter that is not observed for any other com-
Fig. 12. Ha line profiles for two solar main-sequence stars with fixefon object (cf. Figl 15 below). With respect to the Hipparcos
log g = 4.50 and forT;; = 5000 K and 6000 K. Top: absolute pro- data our spectroscopically inferred distance deviates by 16.2%
files; bottom: normalized profiles, with the dashed curve as the cowhich corresponds to 2.60 Hence, on grounds of only this
bination of both, assuming zero Doppler displacement. An effectigtatistics it would be difficult to identify this system as a spec-
temperature~ 5700 K is indicated for the spectroscopic binary troscopic binary. In fact, Fig._12 implies that the A component
may actually be somewhat hotter than our deri¥eg, value
and this entails adoption of a slightly higher mass than given

may put the interpretation in a false light with almost no change Table[1. An~ 0.2 dex higher value for the surface gravity
of detection. In between there is imaginably}cantinuumof would then be required to coincide with the Hipparcos distance
possible outcomes. Some stars reveal suspicious broad linestatle.
their spectral types, whereas others show up strange looking In summary, we may learn from the 99 Hexperimenthat
wings of strong lines. These cases could reliably be discardgith Am=3.4 mag difference is most likelyo guarantee for an
but there are also other objects that appeared to be not aualbiased analysis. Although the status as a visual binary allows
unusual, until we compared the spectroscopically deduced ffaf-an independent information of the primary’smagnitude,
allaxes with the Hipparcos astrometry. As an illustrative exaiye find discrepancies with the astrometric distance scale as a re-
ple of how the determination of the effective temperture cajult of wrong stellar parameters, notably thg g. More distant
be affected, we show in Fifi. 112 the combined khe of two  spectroscopic binaries will bring tembined/” magnitude as
main-sequence starsiat; ; = 5000 Kand 6000 K. The putative an additional parameter of uncertainty into play and thereby
single star receiveb, s ~ 5700 K. The assumed zero Doppleraugment the various manifestations of multiplicity in terms of
displacement makes it particularly difficult to detect meaningfgpectroscopically inferred distances.
anomalies in the line wings, and it is clear that spectroscopic
analyses like this must be erroneous right from the start. o

As displayed in Figl13 our spectroscopically deduced di‘sll& Notes on individual stars
tances have a small systematic offset of 3.4% on average, Iwthis subsection we comment on some spectroscopic binaries
most remarkable, the correspondimgserror is also well con- or suspected candidates, as well as few other stars of particular
fined to 5%. Therefore, the comparison of the spectroscojpiterest.
distances with the Hipparcos distances enables an identification44 And according to Fig8, there is some doubt about the
of spectroscopic binaries or other “anomalous” stars on statigality of the derived highisini value. 44 And is also clearly
tical grounds by means of e.g. an iterative@iterion. discrepant in comparison with theg ¢ derived by Edvardsson

In this respect three stars were immediately identified esal. (1993, see Fif._15 below) which is somewh