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Abstract. Non-LTE line formation calculations of Reare performed for a small number of reference stars to investigate and
quantify the diciency of neutral hydrogen collisions. Using the atomic model that was described in previous publications, the
final discrimination with respect to hydrogen collisions is based on the condition that the surface gravities as determined by the
Fer/Fen ionization equilibria are in agreement with their astrometric counterparts obtained fikmrdos parallaxes.

High signal-to-noise, high-resoluti@chelle spectra are analysed to determine individual profile fits &iededitial abundances

of iron lines. Depending on the choice of the hydrogen collision scaling f&owe find deviations from LTE in Feranging

from 0.00 Sy = o) to 0.46dex §,4=0 for HD 140283) in the logarithmic abundances whileriF®llows LTE. With the
exception of Procyon, for which a mild temperature correction is needed to fulfil the ionization balance, excellent consistency
is obtained for the metal-poor reference stars if Balmer profile temperatures are combin&y, wigh This value is much

higher than what is found for simple atoms like Li or Ca, both from laboratory measurements and inference of stellar analyses.
The correct choice of collisional damping parameters (“van-der-Waals” constants) is found to be generally more important for
these little evolved metal-poor stars than considering departures from LTE. For the Sun the calibrated \&luledds to

average Fenon-LTE corrections of 0.02 dex and a mean abundance fronfirkes of loge(Fe)=7.49+ 0.08.

We confront the deduced stellar parameters with comparable spectroscopic analyses by other authors which also rely on the
iron ionization equilibrium as a gravity indicator. On the basis of thePkRCOS astrometry our results are shown to be an
order of magnitude more precise than published data sets, both in teriisetfamd star-to-star scatter.

Key words. line: formation — Sun: abundances — stars: fundamental parameters — stars: abundances —
stars: individual: HD 140283 — stars: individual: Procyon

1. Introduction line-blanketing in the UV becomes more and more unimportant
leading to an increase of photoionization, while simultaneously
fectron collisions can no longer counterbalance the predomi-
nance of radiation interactions, the hydrogen collisions are an
Lsential part of the kinetic equilibrium of iron, and many other
otoionization-dominated metals as well. This problem is fur-
her enhanced by the new radiative cross-sections of Bautista

could not be fully explored. This resulted in an uncertain ; ; ; ;
T . L 7) which Iy | h le h
of the hydrogen collision scaling fact@y (a multiplicative %ai[)?o?oli\:wv"nalt(i:onasr\?voslljlzsgglifb)(/aIizz/geert an simple hydrogenic

modification to the Drawin 1968, 1969 formula for allowed in- . . -
: - . . . To establish the influence of deviations from LTE on the
elastic collisions with neutral hydrogen) which becomes im- .~ . o .
o . : ionization equilibriunmof iron we have therefore chosen a num-
portant as soon as the kinetic model is applied to metal-pQor

stars. Since in the atmospheres of halo and thick disk st%lr%r ofreference starsvhich we feel are sﬂiu_ently represen-
afive of the local metal-poor stellar generation on and near the

Send @print requests toA. J. Korn, main sequence. Our interest is particularly devoted to the im-

e-mail: ajkorn@usm. uni-muenchen. de portant question: to what extent is the derivation of spectro-
* Based on observations collected at the German-Spanish As860pic stellar parameters and metalliciti¢keeted by the ki-

nomical Centre, Calar Alto, Spain. netic equilibrium of iron? Answering this question involves the

As is evident from our previous investigations (Gehren et
20014, b), the large scatter among laborafovgalues of neu-
tral iron lines does not allow the unambiguous determinati
of a kinetic model of the iron atom in the solar atmosphere.
particular, the ofe of collisions with neutral hydrogen atom
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Table 1.Basic stellar parameters of the reference stars. The iron abtm-results incompatible with those obtained from strong line
dance is derived from He lines with the microturbulence fulfilling wings (Fuhrmann et al. 1997) onbPARCOS parallaxes. More

the usual line strength constraint (see textJFe]=0.4 was adopted specifically, evolutionary stages are predicted which have not
in the computation of the metal-poor atmospheres, for Procygat heen reached. Therefore, the present approach has aban

gEHD 314511) a solar m:X;”rezwaS afssumed-_'?xcept ;Or Procyon (d@gned the LTE assumption and obtains the surface gravity from
rom Allende Prieto et al. 2002), surface gravities are frorpsRCcoSs afitto the Fe fines in kinetic equiibrium.

parallaxes with masses derived from the tracks of VandenBerg et al. To evaluate the reliability of the non-LTE calculations in

(2000). [FeH] =log (FgH). ~log (FeH).. stars with diferent parameters Procyaadq CMi) was also se-
Tw logg [FeH] Z v !ect_ed,. becau;g the discrepancy betwegngl(m@tained from
Star K] (cgs) [km 1] ] [Md] ionization eq.U|I|br|um anq parallax remains unresolveq.
Table 1 lists the basic stellar parameters of the five stars
HD 103095 5070 4.69 -1.35 0.95 109.2 0.62 plus the Sun.
HD 19445 6032 4.40 -2.08 175 259 0.67
HD 140283 5806 3.69 -2.42 1.70 174 0.79
HD 84937 6346 4.00 -2.16 1.80 124 0.79
Procyon 6510 3.96 -0.03 1.83 2859 1.42  Spectra of the stars were taken with the fibre-detiélle spec-
Sun 5780 4.44 0.0 1.0 _ 1.00 trograph FOCES (Pféer et al. 1998) at the 2.2-m telescope of
the German-Spanish Astronomical Centre on Calar Alto dur-
1 For this star extinction due to interstellar reddening was consider@@ a number of observing runs between 1999 and 2001, with
following Hauck & Mermilliod (1998, cf. Table 7). a spectral resolution @@= 65000 (HD 140283 was observed
at R=40000). As measured in line-free spectral windows
near Hy, the peak signal-to-noise rati&(N) exceeds 300:1
investigation of the radiation field (depending mostly on the gfy a1| cases. With a spectral coverage of 4200-9000 A our anal-
fective temperature) and of the collisional interaction (depen@ses naturally focus on the lines of Fand Fat in the visible
ing mostly on surface gravity). Therefore our choice of metakisregarding the resonance lines in the (near) UV.
poor reference stars has led to four representatives: HD 103095Owing to the design of FOCES (the light of both star and
(=Gmb 1830) as a cool main sequence star, HD 19445 as a tiffie|d lamp being transmitted through the same optical path),
ical subdwarf, HD 84937 as a turfistar and HD 140283 as athe resulting flatfield calibration of the stellar spectra produces
moderately cool subgiant. The last two of these reference stgfsextremely predictable continuum run that contains only the
have also been chosen by Asplund et al. (2000) to model R¥maining second-order variation with wavelength which re-
drodynamic convection in metal-poor stars. sults from the dierence between stelld; and the tempera-
Photospheric surface gravities are usually determined fjfe of the halogen lamp. The internal accuracy of tiieative
means of three independent methods. In principle the most reimperature determination is therefore very high, with profile
able approach uses astrometry (presently ttreARCOs paral- residuals well below 0.5% of the continuum (cf. Korn 2002).
laxes, ESA 1997) with an appropriate guess of the stellar mashe profile analysis of metal lines also profits from this qual-
which enters the resulting log only with ac(log M) uncer- jty, especially when the line density is high.
tainty. Since the mass uncertainty of these very old stars is gen-
erally below 0.05V; (when referring to a given set of evolu-
tionary tracks), the corresponding error stays below 0.03. T\?\e
uncertainty of the @ective temperature enters asdogTer) ¥~ The temperature scale adopted is based on Balmer line-
0.02. Thus the prime error in log is due to that of the proadening theory combined from Starkezt profiles of Vidal
parallax itself (2-(log 7)), which for the four stars is be- et al. (1970) and the Ali & Griem (1965, 1966) approximation
tween 0.01 (Gmb 1830) and 0.07 (HD 84937). The maximugi resonance broadening (see Fuhrmann et al. 1993). The basis
error then is between 0.06 and 0.12 in lpg of this approach was thefiiérent relative contributions of these
The second method refers to thamping wingf strong broadening processes terlén the one hand (essentially broad-
neutral metal lines such as the My triplet. However, as ened by H collisions) and the higher series members (domi-
demonstrated by Fuhrmann (1998a), for stars witliHiFe -2 nated by the StarkfEect) on the other. The results have been
the wings of such lines become extremely shallow and tfiged with a minimum number of free parameters for solar-type
determination correspondingly uncertain. The combination sfars with ranging metallicities based on empirical evidence.
Balmer profile temperatures and Myggravities (both in LTE) Weights are assigned to the temperatures derived from each
was shown to be fully compatible with tha#ARCOS astrom- line based on temperature sensitiviB/N and blaze correc-
etry (Fuhrmann 1998b, 2003). tion reliability. At present we refrain from adopting the recent
Originally, the surface gravity of remote subdwarfs anklydrogen line-broadening theory of Barklem et al. (2000). As
subgiants was derived from thenization equilibriumof iron  our own implementation shows, it does not reproduce the solar
where for simplicity and lack of better evidence one usadmperature to within 100K (using the MARCS code and a
the assumption that Rd-elr is populated according to thefitting technique which allows for the intersection of observed
SahgBoltzmann equilibrium (LTE). For a number of stars inprofiles this value is 50K, Barklem et al. (2000). In addition, it
cluding Procyon as a primary standard this was shown to Iefails to reproduce the profile shape of higher Balmer lines

2. Observations

Stellar effective temperatures and gravities
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Table 2. Comparison of #ective temperature determinations for thestars) from absolute fluxes in the mid-UVtEéctive temper-
five reference stars. TI99 Thévenin & Idiart (1999), FOG Fulbright atures of 6050K and 6300K were obtained. Peterson (2003,
(2000), AAM-R96 = Alonso et al. (1996), GCC96 Gratton et al. priv. comm.) analysed HD 140283 with similar methods ob-

(1996), KSGO03= this work. The meanftset is computed for the four taining 5850K. In total the meartfset between our tempera-
metal-poor stars according 10T« (Study— KSGO03). Significant fi- ture scales is thus well below 10 K.

sets with respect to our temperature scale are encountered in the StUdFor the calibration the surface gravity is taken from

les of Trevenin & Idiart (1999) and Fulbright (2000). HIPPARCOS parallaxes. Additional quantities entering the equa-
tion are taken from Alonso et al. (1996, bolometric correction
BC), Hauck & Mermilliod (1998, interstellar extinctioAy)

and VandenBerg et al. (2000, stellar mads. To derive the

HD 103095 4990 4950 5029 5124 5070 latter, the star is placed among the evolutionary tracks appro-
HD 19445 5860 5825 6050 6066 6032 priately chosen with respect to metallicity (FBnLte) anda-

HD 140283 5600 5650 5691 5766 5806 enhancement ([B-elnite, according to Reetz 1999). This pro-
HD 84937 6222 6375 6330 6351 6346 cess is iterated to convergence.

Star TI99 FOO AAM-R96 GCC96 KSGO03
B-V EE! IRFM IRFM  Balmer

Mean dfset -146 -114 -39 +13 +0 After the calibration the final atomic model (which best
Procyon 6631 _ 6579 _ 6508 reproduces the astrometric resutts averagg is used to de-
rive gravities which can then be compared wittPPARCOS to
L EE = excitation equilibrium of Fein LTE. quantify the star-to-star scatter.

2 AverageT; of two analyses.

3 AverageT; of three analyses.
g€ler y 4. Metal-poor reference stars and Procyon

(HB and up) of stars like HD 140283 and HD 19445, both fs described in Papers | and Il in considerable detail, our
which are located in the temperature band whefﬁed;nces present approach to the analysis of the reference stars is based
between the two broadening theories are expected to be Iarg(@.\'gté.1 number OT assumptions. .

We utilize the atmospheric model MAFAGS (Fuhrmann Atmospheric models are calculated for gll stars (includ-
et al. 1997) which is line-blanketed by means of the Kuru 29 the Sun) according to the same type of input parameters,
ODFs (Kurucz 1992). Note that these ODFs were co oundary conditions, and constraint equations. We thus inten-

puted assumiriglog £(Fe)=7.67. We therefore rescale then}lOnally avoid the use of empirical models. L

by —0.16dex to account for the low Solar iron abundance.The major orientation of our gnaly5|s IS thatq:m.plrlcal

of log e(Fe)="7.51. Unlike in other widely-used atmospheri@wdence_.Althoughsometheoretlca!model descrlptlops appear
codes like ATLAS or MARCS, we use a mixing IengtHnore saﬂ;fact(.)rythan.others, we build upon the experlence.that
@=1/Hy=0.5 in the framework of the &im-Vitense (1958) shortcomings in theories can be detected only by comparison

theory of convection in order to bringdand the higher with observations.

Balmer lines into concordance. Theffdrences with respect. Our basic approach to stellar spectroscopy Heaential

to other methods of temperature determination have been .@ethe sense that we require all types of input physics to be

scribed in Fuhrmann et al. (1993) and Fuhrmann (1998b) agreement with solar observations. This requirement clearly
note that the choice of th.e mixing-lengtifects the Balme.r ictates the individual line fit approach, and it excludes the use

lines, but the influence on the Fand Far lines analysed in _Of absolutef values. It is important io recognize that the typ-

the Sun turns out to be equivalentAdog sre < 0.01 dex. The ical abundance scatter obtained from solar spectral analysis of
e . .

same is true for metal-poor stellar atmospheres such as tha't:%ljmes is considerably higher than warranted by both obser-

HD 140283. It also holds for the corresponding non-LTE conyational error and dierences in theoretical models. There are
' essentially two explanations for this result: either thealues

The temperature scale resulting from our hydrogen lirAye not reliable or a significant fraction of Fe lines are contam-
profile fitting ishigherfor the metal-poor stars than the photo'—na’tefj by rel_at|vely strong (yet u_ndetected) blends. .
metric one of Tlevenin & Idiart (1999) and Fulbright (2000) .D|fferer_1t|al spectrum analysis must account for line broad-
by more than 100K. It is, however, in excellent agreemeﬁpmg’ particularly when solar-type and extremely metal-poor

with the infrared flux method (IRFM) temperatures of Alonsg!ars are to be compared. This is in fact the most impor-

et al. (1996) and Gratton et al. (1996). Table 2 confronts tﬁaent constraint because it involves additional atomic parame-

corresponding numbers in detail. Only HD 140283 displayst%rs and line broadening theories. Every strategy to deal with

markedly lower temperature in the Alonso et al. calibratior°"9 line wings automatically involves the problems of at-

?gspheric modelling. Consequently, for interpretation we es-
P

putations.

This is, at least in part, due to the zero-reddening assumptm i ) - ) 3 )
lish steps of decreasing reliability with constraints coming

adopted by these authors. A discussion of this point can . )
P y P om the observed line profile and the concept that the solar

found in Fuhrmann (1998a). tospheric abund f Fe is th for all I Purel
Yet another independent temperature scale seems to ylospheric abundance of € IS the same for all ines. Furely

port the Balmer profile temperatures: Peterson et al. (20(5’11 lative parametersf (values) are complemented by colli-

derive temperatures for HD 19445 and HD 84937 (and oth? nal broadening (Starldect, van der Waals-type damping).
he variety of line strengths observed in the solar spectrum

1 loge(Fe)=log (Nee/NH) + 12. then provides a comparison between weak and strong lines of
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the resulting abundances, with dlivalues taken from labora- show at least for Mg and Alr that it is just these highly ex-
tory measurements and the damping constants adjusted fordited levels which lead to Rydberg transitions dominated by a
strong lines to minimize trends with line strength (see Paper Ipopulation inversion. This requires low collision rates (whether
Although this interferes occasionally with thermal or microturelectron or hydrogen) for such transitions, and in fact the cor-
bulent broadening velocities, Doppler broadening can be geesponding hydrogen collision factors for such atomic models
erally separated from the influence of damping wings. As a neere found to fit the observed emission lines with values
sult, stellar line abundances are compared with the individgnificantly below unity (Baumller & Gehren 1996; Zhao
abundances of their solar counterparts. This is what is oftehal. 1998). Carlsson et al. (1992) reproduce the IR emission
called a line-by-line dferential (non-)LTE analysis. lines entirely without hydrogen collisions, but do not simulta-

The line broadening problems are less significant for a diieously model the optical absorption lines.
ferential analysis of Fe Il lines, however, here Doppler broad- For Fe, we determin&Sy by requiring that both Fe
ening plays an important role. The scatter introduced to the ssd Far lines produce a single-valued mean iron abun-
lar Ferr abundance by the various data sets is even higher tlitamce when the gravity is assumed to be that derived from
for Fel thus a diferential approach is absolutely necessary. the HPPARCOS parallax. This leaves the hydrogen collision en-
The above considerations of thefdrent contributions to Nancement factddy as the single free parameter in this inves-
line formation severely limit the possible conclusions. Stilfgation.
experience with stellar analyses show that atomic data are inA number of non-LTE test calculations with various
many cases better determined from the solar spectrum tigices forSy was performed for the reference stars, together
from a terrestrial laboratory. with LTE calculations. Line profiles were fitted using exter-
nal Gaussian broadening profiles essentially defined by the in-
strumental resolution. While the intrinsic profiles are better
4.1. Non-LTE calculations reproduced by a radial-tangential approximation to macrotur-

o . . . bulence (Gray 1977), the dominance of the instrumental res-
With little progress in the understanding of the physics of h)é)'lution a(nd t%e rela)tive weakness of the iron lines consid-

drogen collisions, the review of Lam_bert (1993) still reflectgred W, < 100mA) justify the use of a Gaussian. Equivalent
our current state of knowledge. While the energy range en- :

. : ’ widths (EWSs) are then computed from the theoretical spec-
countered in stellar atmospheres is not accessible to exper-

iment, Lambert concludes from measurements at 15eV thrﬁat to con;tram the mlcrotgrbuleane Thus EWs only enter
the analysis for the derivation gf all other aspects are per-

the Drawin (1968, 1969) formula most likely overestimatef%rmed using line profiles. The corresponding data is presented
the true diciency of this thermalizing process by two orders g P ' P g P

of magnitude. If this was the case, they could safely be dfg_Tables 4and’5.
regarded. Rather than assuming that hydrogen collisions are
inefficient all together, we take on the view of Steenbock &.2. Evidence for non-vanishing hydrogen collisions:
Holweger (1984) that theldck of reliable collision cross- The subgiant HD 140283
sections constitutes a major problem in statistical-equilibrium
studies of cool stafs To face this problem we keep the ef-The dynamic range of Reabundances in HD 140283 upon
ficiency of hydrogen collision$y as a free parameter whichvarying Sy is exemplified by Fig. 1 and Table 3: the extreme
must be determined by appropriate observations. underpopulation of Fein its atmosphere is clearly seen. The
As would be predicted, electron collisions cannot coffléPopulation with respect to the LTE case already starts in
tribute very much to thermalization, since the density of fréi€€P photospheric layers. For vanishifg the departure
electrons is roughly a factor 10 smaller than in comparatf@&ficientsb; drop to 0.5 near log=-0.5.
stars of solar metal content. Our calculations support this idea Models withSy > 0 produce less extreme departures as ra-
fully. In metal-poor stars therefore no other process but hgiative processes (photoionization) are increasingly compen-
drogen collisions can — at least to some extent and dependsaged for by collisional ones (hydrogen collisions). More im-
on their cross-section — compensate for the high photoionig@rtantly, though, a non-vanishii®y, secureselative thermal
tion rates which would otherwise lead to extreme overioniz&xcitation equilibriumalthough strongly overionized with re-
tion at variance with the spectroscopic evidence given beldsect to Fei, the Fa populations are kept thermal relative to
It is of course unsatisfactory to use such a rather primitive repe another, even by collisionaffieiencies lower than indi-
resentation of the collision process as the Drawin approxing@ted by the Drawin formula (e.§n =0.1). Since only the
tion which was never meant to be extended to anything ef&io of the departure cdiécients enters the line source func-
but collisions between rare gases. There is, however, a sl S,, identicalb; result in a Planckiar$). This means that
lar behaviour of both formulae of van Regemorter (1962, fdithin a given model non-LTE corrections only depend on the
electron collisions) and Drawin (for hydrogen collisions) igontribution function, i.e. the depth of formation. Thus low-
that the rates for both types of thermalization are proportiorgicitation lines will experience larger corrections on average.
to the f value and both depend on the inverse threshold en- Calculations including hydrogen collisions then consti-
ergy. Such a variation leads to a general increase of collisiote a model sequence with non-LTE abundance corrections
rates with excitation energy, because highly excited levels clgseadily decreasing with an increasing value . The
ter near the ionization limit. Solar photospheric emission lindehaviour found in the metal-poor stars is morphologically
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Table 3.Fer and Far abundances for the reference stars and the Sunffereit assumptions concerning thfgaéency of hydrogen collisions.
Differential abundances [fqix are given, except in the case of the Sun where:(6€) is specifieds refers to the line-to-line scatter which
is a factor+/n larger than the error of the mean. Note that the scatter im[Hpy; is significantly reduced. Like in the case of HD 140283 dis-
cussed above, a strong imbalance betwearaRd Fai results for all metal-poor stars$y = 0 is assumed. Instead, the ionization equilibrium
points towardsSy = 3. Procyon cannot be fitted by any model.

Object Sy=0 Sy=3 LTE #of LTE #of
[FeyH]+o [FeyH]+o [FeyH]+o lines [Fei/H]+o lines
HD 103095 -1.21+0.03 -1.35+0.04 -1.33+0.04 41 -1.36+0.03 15

HD19445 -1.67+0.07 -2.07+0.08 -2.07+0.08 58 -2.08+0.05 16
HD 140283 -2.00+0.07 -2.43+0.09 -2.46+0.09 62 -2.43+0.05 13

HD 84937 -1.78+0.07 -2.15+0.09 -2.18+0.09 61 -2.16+0.05 16
Procyon -0.08+0.06 -0.10+0.08 -0.11+0.07 52 -0.03+0.04 23

Sun 7.54:0.08 7.49:0.08 7.46:0.07 96 7.5%0.10 37

120 T — ] 3.0
i S, >> 1 (LTE) ]
1.0 ] i
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Fig. 2. A comparison between the stellar parameters of HD 140283
Fig. 1. Departure coficientsb; for Fel terms in HD 140283 as a func- for different assumptions concerning theaency of hydrogen colli-
tion of the optical depth logsoeo. It becomes evident that they depengions.Sy, = 3 corresponds to our best estimate and places this star in a
drastically onSy. The line source functions are Planckian for all modsubgiant phase of evolution. A mass close toM s indicated from a
els withSy > 0, but not for theSy; = 0 model. The best modeS(; =3)  track of appropriate metallicity by VandenBerg et al. (2000). However,
already returns abundances quite close to LTE. assumingSy = 0 (no collisions) results in @-log g combination in
irreconcilable conflict with the star's known properties, both in terms
of its evolutionary stage and mass.

4.3. The other metal-poor reference stars

similar to the case of the Sun. We thus refer the reader?cr)1 the Balmer profile tgmperature scale Gmt.) 1.830’ H[.) .19445
Papers | and Il for more details. and HD 84937 all require a8y cloge to 3. This is surprising
as these stars are infifirent evolutionary phases and require

Table 3 shows how these departure fio@nts trans- different non-LTE corrections. In fact, the non-LTHests in
late into Fa abundances. With aol scatter of 0.05dex Gmb 1830 are smaller than in the Sun resulting in an abun-
in Fen the Sy =0 model is ruled out at more thanr3In dance and gravity correction with an opposite sign from all the
addition to the discrepant mean values, 8g=0 model other stars. This turns out to reduce the star-to-star scatter sig-
would require a significantly smaller microturbulence fonificantly (cf. Fig. 4). Non-LTE &ects for HD 19445 are as
Fel (¢rei=1.2kms?), in conflict with the one derived large as in the Sun. Theftirential non-LTE result thus coin-
from Fenl lines Eren=1.7kms?). If the stellar parame- cides with the LTE one.
ters were determined assumii®y =0 (this time using kk With Sy set to 3 the non-LTE corrections are generally
as the temperature indicator which shows some dependeqai#ée small and never entail a gravity correction larger than
on gravity), the ionization equilibrium would be reached d.1dex. It might come as a surprise that we are nonetheless
Ter =5550K, logg=4.25 and [FEH]=-2.26 (cf. Fig. 2). able to remove the large discrepancies betweenitiVand
Assuming a sensible stellar masshf=0.8 Mg, Anip (as de- Fer/Felr as gravity indicators uncovered by Fuhrmann (1998a).
fined in the caption of Table 7) would bé&4%. He points out that using Rg-ell results in gravities up to
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Table 4. Atomic data of Fa lines used in the analysis of the reference stars. Column 1 gives the multiplet number, Col. 2 the waveleng
in A, Col. 3 the lower excitation energy, Col. 4 theffdrential logyf value with respect to log(Fe), = 7.51, Col. 5 the employed ld@s

value. The products logf &, that the logyf values presented here implyfiir slightly from those presented in Paper II. This is because a
global minimization was performed in Paper |l to determine theJggalues, whereas lines were fitted individually here on the basis of the
minimization procedure. A radial-tangential approximation to macroturbulence (Gray 1977) was used for the analysis of the Sun, a Gaus
otherwise. The equivalent widths (in mA) in Cols. 6-10 are of low quality, but only enter the analysis in the derivation of the microturbulenc
We discourage from using these values for abundance analyses.

Mult. A Eow l0oggfss logCs Procyon Gmb 1830 HD 19445 HD 84937 HD 140283
1 5166.2 0.000 -4.18 -32.22 73 16 5 11
1 52255 0.110 -4.74 -32.20 33 62
1 5247.0 0.087 -491 -32.21 27 57
1 5250.2 0.121 -4.88 -32.20 26 57
2 4347.2 0.000 -5.47 -32.16 27
2  4427.3 0.052 -2.94 -32.15 60 36 56
2 44454 0.087 -5.43 -32.15 11 27
3 4232.7 0.110 -4.96 -32.12 47
13 64989 0958 -4.64 -32.08 27
15 52695 0.859 -1.34 -32.04 111 84 97
15 5328.0 0915 -1.49 -32.03 100 74 89
15 53714 0958 -1.70 -32.02 89 64 80
15 53971 0915 -2.03 -32.03 73 49 64
15 54057 0990 -1.84 -32.02 76 51 69
34 6581.2 1485 -4.73 -31.96 7
34 67395 1557 -492 -31.91 4
36 51949 1557 -2.15 -31.83 109 34 17
36 5216.2 1.608 -2.22 -31.82 101 27 13 22
41 4404.7 1557 -0.18 -31.71 98
42 41476 1485 -2.15 -31.67 100 17 26
42 42717 1485 -0.25 -31.70 103
62 61516 2176 -3.31 -31.72 20 22
62 6297.8 2223 -2.70 -31.72 46 49
64 60827 2223 -3.60 -31.70 13
64 62406 2223 -3.30 -31.71 21 21
66 5079.2 2198 -2.01 -31.58 92 93
66 5198.7 2223 -2.14 -31.59 77
66 5250.6 2198 -2.00 -31.61 90 87
68 44945 2198 -1.17 -31.45 36
69 44428 2176 -2.79 -31.44 37
71 42824 2176 -1.06 -31.39 57 41 45
111 64213 2279 -198 -3171 87 91
111 6663.4 2424 -2.42 -31.67 60 54
111 6750.1 2424 -256 -31.68 45 46
111 6978.8 2484 -2.44 -31.67 53
114 49247 2279 -2.15 -31.52 73 69
114 5049.8 2279 -131 -31.54 33 18 25
114 51417 2424 -2.22 -31.50 62
116 4439.8 2279 -3.04 -31.39 24 24
152 4187.0 2449 -0.66 -30.79 62 43 54
152 42222 2449 -0.98 -30.80 42 26 34
152 42336 2482 -0.70 -30.79 59 40 44
152 4250.1 2.469 -0.49 -30.81 72 48 53
152 42604 2399 -0.01 -30.84 100 74 75
168 6393.6 2433 -146 -31.65 101 22 13 15
168 64949 2404 -125 -31.67 38 20 28
168 6593.8 2433 -232 -31.66 54 57
169 6136.6 2453 -139 -31.62 26 15 18
169 61915 2433 -1.46 -31.63 25 13 18
169 62525 2404 -1.62 -31.64 95 18 11 12

170 5916.2 2453 -2.90 -31.59 25
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Mult. pl Eow loggfass logCs Procyon Gmb 1830 HD 19445 HD 84937 HD 140283
206 6609.1 2559 -2.62 -31.62 34 33
207 6065.4 2.608 -1.46 -31.55 97 99 16 7 11
207 61376 2588 -1.31 -31.57 15
207 6200.3 2.608 -2.35 -31.57 44 41
207 6230.7 2559 -1.16 -31.59 30 15 21
207 6322.6 2588 -2.35 -31.58 48 44
209 57784 2588 -3.51 -31.53 7
268 6546.2 2.758 -1.59 -31.54 81 88 8
268 65929 2.727 -1.47 -31.55 92 9
268 66779 2.692 -1.33 -31.57 100 20 11 12
318 4890.7 2.875 -0.44 -30.80 50 33 38
318 48914 2.851 -0.17 -30.81 67 48 54
318 49189 2.865 -0.38 -30.81 57 36 41
318 49205 2.832 0.06 -30.83 81 58 64
318 4957.2 2851 -042 -30.84 56 34 39
318 49575 2.808 0.19 -30.85 95 67 75
342 6229.2 2.845 -2.94 -31.47 19 10
342 6270.2 2.858 -2.57 -31.47 28 20
383 5068.7 2940 -1.11 -30.82 18 11 14
383 51394 2940 -0.59 -30.83 44 27 21
383 51914 3.038 -0.61 -30.80 36 19 25
383 52329 2940 -0.13 -30.86 67 45 50
383 5266.5 2998 -0.43 -30.83 47 29 34
383 5281.7 3.038 -0.91 -30.82 22 13 14
384 4787.8 2998 -2.62 -30.70 18
553 5217.3 3.211 -1.03 -30.71 88 95 10 6 7
553 52534 3.283 -1.57 -31.31 56 44
553 53241 3.211 -0.05 -30.75 50 32 36
553 5339.9 3.266 -0.62 -30.71 21 13 13
553 53931 3.241 -0.65 -30.75 20 11 13
554 4736.7 3.211 -0.80 -30.48 110 23 13 14
686 5586.7 3.368 -0.07 -30.71 42 27 28
686 5569.6 3.417 -0.54 -30.66 21 12 13
686 5572.8 3.396 -0.28 -30.68 32 19 21
686 5615.6 3.332 0.05 -30.74 52 33 37
686 56245 3.417 -0.75 -30.68 100 20 8 9
816 62326 3.654 -1.21 -30.67 61 44
816 6246.3 3.602 -0.71 -30.71 89 93 6
816 6400.0 3.602 -0.25 -30.74 25 15 17
816 64116 3.654 -0.62 -30.71 98 13 8 9
984 49852 3.928 -0.71 -30.08 86 74
1031 5491.8 4.186 -2.22 -30.53 6
1062 55255 4.230 -1.28 -30.05 36
1087 56625 4.178 -0.60 -30.07 75 56
1087 57054 4301 -1.49 -30.05 21 9
1092 5133.6 4.178 0.20 -30.40 25 15 16
1094 50747 4.220 -0.10 -30.32 104 89 14 9
1146 5364.8 4.445 0.15 -30.21 108 94 16 11 9
1146 5367.4 4.415 0.22 -30.25 21 14 11
1146 5369.9 4.371 0.34 -30.31 25 17 15
1146 5383.3 4.312 0.42 -30.38 30 21 20
1146 5424.0 4.320 0.52 -30.39 34 22 22
1164 54109 4.473 0.14 -30.20 102 19 11 13
1164 5415.1 4.386 0.41 -30.31 29 18 17
1178 6024.0 4.548 0.03 -30.40 93 71 10 6 5
1179 5855.1 4.607 -1.56 -30.26 12
1195 6752.7 4.638 -1.27 -30.05 20
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Table 5. Atomic data of Fal lines used in the analysis of the reference stars. Column 1 gives the multiplet number, Col. 2 the waveleng
in A, Col. 3 the lower excitation energy, Col. 4 thefdrentialgf value with respect to log(Fe), = 7.51, Col. 5 the employed ldg; value.

A radial-tangential approximation to macroturbulence (Gray 1977) was used for the analysis of the Sun, a Gaussian otherwise. The equiv
widths (in mA) in Cols. 6-10 are of low quality, but only enter the analysis in the derivation of the microturbulence. We discourage from usi
these values for abundance analyses.

mult. A Eow loggfar logCs Procyon Gmb 1830 HD 19445 HD 84937 HD 140283

27 44168 277 -2.64 -31.78 28 14 14 11
27 4233.1 257 -2.04 -31.78 77 44 47 a7
35 5136.8 283 -444 -31.78 20

35 51326 279 -417 -31.78 35

35 51006 279 -4.18 -31.78 37

36 49933 279 -3.73 -32.18 49

37 46293 279 -238 -32.18 20 19 17
37 45828 283 -3.20 -32.18 86

37 45558 282 -248 -32.18 33 18 19 17
37 45153 283 -2.53 -31.88 32 14 15 14
37 44914 284 -2.75 -31.78 108 21 9 9

38 46205 282 -3.33 -31.78 78 8

38 4576.3 283 -295 -31.78 96 6 6

38 4508.2 284 -239 -31.78 18 20 16
40 6516.0 2.88 -3.29 -32.11 79

40 64326 2.88 -3.61 -32.11 67

40 63694 2.88 -4.19 -32.11 33

41 5284.1 2.88 -3.11 -32.11 88 11

42 5169.0 2.88 -1.28 -32.01 83 80 70
42 50184 2.88 -1.29 -32.11 96 70 72 70
42 49239 2.88 -153 -31.91 87 61 65 58
43 46569 2.88 -3.62 -32.11 58

46 6084.1 3.19 -3.84 -32.19 36

46 59913 3.14 -356 -32.19 51

48 5362.8 3.19 -257 -32.19 8 8 7
48 5264.8 3.22 -3.08 -32.19 73 6

49 54252 3.19 -3.27 -32.19 65

49 53255 321 -3.21 -32.19 68

49 53166 3.14 -191 -31.89 44 27 29 26
49 52346 321 -221 -31.89 28 15 16 14
49 51975 322 -2.27 -31.89 23 13 13 11
74 6456.3 3.89 -2.09 -32.18 100 11 6 7

74 64169 3.87 -2.67 -32.18 63

74 62475 3.87 -2.33 -32.18 89 6

74 62399 3.87 -349 -32.18 29

74 6149.2 387 -2.76 -32.18 64

0.5dex smaller than those from Nty which are in excellent ~ We have no physical explanation for our empirical finding
agreement with IBPPARCOS. The solution to this apparent con-that hydrogen collisions are affieient asSy = 3. Laboratory
tradiction lies in the choice ofs values: the large€s val- measurements for the N@aesonance line at H beam energies
ues as proposed by Anstee & O’Mara (1991, 1995) enter mbove 10eV indicateficiencies as low a$y~0.01 (Fleck
analysis via the evaluation of the strong solan kees where et al. 1991). We are convinced th@t = 3 is not an artefact
a certain exchange betweérvalues and damping constant®f our modelling, as the same code results in much lovier e
is possible (for more details on our exact choice of dampimgencies for simpler atoms like Mg or Al (Bawttér & Gehren
parameters see Paper Il). Thus our sedigkerential fval- 1996; Zhao et al. 1998). But whereas Mand Al1 are essen-
ues difers systematically from that employed in the studidslly shaped by a few strong photoionization cross-sections,
by Fuhrmann (1998a) and Fuhrmann (1998b, 2003) which enearly all Fa terms are depopulated by photoionization. This
ploy Cs values calculated using the Ud(1968) approxima- gives Fa a unique atomic structure. In spite of the laboratory
tion. results mentioned above, it can thus not be ruled out that hy-
drogen collisions among Reerms are in fact asfigcient as
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Table 6. Different sets of stellar parameters for Procyon. The radiusaé VandenBerg et al. (2000) point towards a somewhat higher
determined fronTe andMpo and has to be compared with the fundamass of 1.5M, in better agreement with the mass estimate of
mental value oR=(2.07+ 0.02)R,. Ayp = 100 dspec— duip)/duie-  Girard et al. (2000) who also consider ground-based measure-
ments for the angular separation of Procyon A and B. To be
model Ter logg [Fem/Hlse Mass Radius Awp  able to compare our results directly to those of Allende Prieto
[K] [Mo]  [Ro] [%]  etal. (2002), we stick to the choice of parameters given above.

1 6512 3.96 -0.09 1.42 213 -3.1  We note, however, that this choice of mass produces afB9to

2 6508 3.96 -0.03 1.42 213 -3.0  with respect to HPPARCOS.

3 6508 3.81 -0.10 1.42 2.13 +15.0 It turns out that our model is not able to fulfil the ionization

4 6600 3.96 -0.03 1.42 206 -0.1 equilibrium of iron withSy = 3. With differential non-LTE ef-

1 Ter, log g, [Fe/H]: Allende Prieto et al. (2002). fects in abundance of merely 0.01 dex the unbalance amounts
2 Te: Balmer profilegog g: astrometry{Fe/H]: from Fer. to A (Ferm — Fer) =0.07 dex. To remove this discrepancy this

3 Te: Balmer profiledog g: Fel/Fel (Sy = 3). model would require a gravity of log=3.81, many standard

4 Tes: free parameter, log: astrometryand Fel/Fen (S =3).  deviations away from the astrometric result.
How would one have to tun8&y to removeA (Fel - Fer)?
Surprisingly, no choice ofy is able to fulfil the ionization

i ) ) equilibrium. Using the largest non-LTE corrections possible
the Drawin (1968, 1969) formula predicts (or three times 8§, _ o) the discrepancy is merely reduced by 0.02 dex. In this

efficient). We note thab, would even be higher, if we hadn'tggnse procyon only documents our failure to use this star as a
enforced upper-level thermalization above 7.3 eV to account {4jiprator forsy.

term incompleteness (for details see Paper I). Seemingly, Allende Prieto et al. (2002) are more suc-
Holweger (1996) uses the red giant Polluxy(Gem) t0  cessful with their 1D LTE modelling of Procyon’s iron spec-
calibrateSy to a value of 0.1. This result is not in direct congym. Their A (Felr — Fer) amounts to 0.02dex in log(Fe)
flict with ours as Holweger did not have access to the Bautisagg s(Fer)=7.30 + 0.11 vs. logs(Fem) =7.32 = 0.08) or
(1997) cross-sections for photoionization. 0.04dex in logg. Upon closer inspection one notices that
From the point of view of hydrodynamical model atmothese values areon-djferential abundances. Formulated rel-
spheres it could be argued that the model temperatures in #fige to the Sun where a discrepancy of 0.06 dex was obtained
outer layers of static atmospheres are overestimated (Aspl@gctthese authors, the discrepancy in Procyon rises to 0.08 dex
et al. 1999). Lower temperatures would predominantly mafgich is in complete numerical agreement with our LTE result.
low-excitation lines of neutral species come out stronger, thiygespective of whether one preferstdiential analyses or not,
alleviating the need for strongly thermalizing collisions (higive conclude that Allende Prieto et al. (2002) do not master iron
values ofSy) to counterbalance photoionization. Using 20h this star, either (their 3D hydrodynamical modelling results
radiation-hydrodynamical simulations, $&n & Holweger in a residual trend of log (Fer) with line strength which could
2002 derive granulation corrections for lines arising from lowse removed by including a microturbulencete$ 0.3 km s1).
lying levels of neutral species reaching upt0.3dex in the  Stdfen (1985) investigated fierent ionization equilib-
solar case. More work on combining hydrodynamical with noRiz in Procyon and drew the conclusion that the fundamen-
LTE Computations is Clearly needed (Cf Shchukina & TrUJl”(t)a| temperature needs to be revised upwards by more than
Bueno 2001 for first attempts with respect to Fe). 200K. Alternatively, the gravity would have to be lowered to
log g ~ 3.55 which can be ruled out by astrometry. In the frame-
work of non-LTE modelling, a similar temperature correction
would be required to bring [©6300] into concordance with the
Apart from the Sung CMi is one of the very few stars for IR triplet lines (Reetz 1999). We can follow along this track
which the whole set of fundamental stellar parameters excaptl seek the temperature at which ®g¢=3 model brings
metallicity is known from direct measurements. Allende Prietog e(Fel) into concordance with log(Fel) without contra-
et al. (2002) review recent determinations of these quantitiegcting the astrometric distance constraint. This temperature is
Its proximity (d=(3.5+ 0.01) pc) and the presence of a whitéound to beTs =6600K or 90K higher than our best spec-
dwarf companion (Procyon B) allow to constrain Procyon®oscopic estimate based on Balmer profiles. As can be ap-
mass M =(1.42+ 0.06) My). From the radiusK=(2.07 + preciated from inspecting Fig. 3 this temperature is in con-
0.02)R;) and measurements of the integrated flux tfieative flict with the Balmer profile analysis. It is, however, in not
temperature is known to withir100 K and probably lies be- in disagreement with the gravity inferred from the Mdines
tween 6500 K and 6600 K. Mass and radius can be combineawoen employing the non-LTE model atom for magnesium pre-
yield the logarithmic surface gravity, lag=3.96+0.02. The sented by Zhao et al. (1998). This is because the strong-line
metallicity is close to solar. Allende Prieto et al.'s final choicenethod is not very sensitive to changes in temperature. Thus,
for their comparative 1D static and 3D hydrodynamical modvhile disquieting on the whole, our result is an improvement
elling is Teg =6512K, logg = 3.96 and solar composition. Weover the analysis of Stien (1985). Higher temperatures for
adopt the same value for the surface gravity and derive the Bfecyon certainly seem possible in view of the cgtigren
fective temperature from the Balmer lines which yield an aphotometry of Edvardsson et al. (19934 = 6705K) and the
erage value ofl¢¢ = (6508 + 60) K. The evolutionary tracks IRFM temperature of Alonso et al. (1996, = 6631 K). From

4.4. Procyon
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Table 7. Stellar parameters derived using1fiein non-LTE as a gravity indicator witBy = 3. The spectroscopic distandg..is calculated

from log 7tspec = 0.5([g] — [M]) — 2[Tes] — 0.2(V + BC + Ay + 0.25), where K] =log (X/Xs). Anip = 100 @spec — drip)/dnip. The oxygen
abundance is derived by means of profile analysis of the IR triplet in non-LTE (Reetz 1999), the magnesium abundance from profiles of w
optical lines in non-LTE {2 4571, 4702, 4730, 5528, 5711 A, Zhao et al. 1998).

Object Te logg [FeH] [O/Fe] [Mg/Fe] Mass Ay BC dspec  Ouip  Anip

K] NLTE NLTE NLTE [Mg] [mag] [mag] [pc] [pc]  [%]

HD 103095 5070 4.66 -1.36 +0.63 +0.21 0.62 0.00 -0.32 886 9.16 -3.2
HD19445 6032 4.40 -2.08 +0.68 +0.49 0.67 0.00 -0.21 38.80 38.68 0.3

HD 140283 5806 3.68 -2.43 +0.71 +0.26  0.79 0.13 -0.23 56.60 57.34 -1.3

HD 84937 6346 4.00 -2.16 +0.59 +0.39 0.79 0.11 -0.18 80.34 80.39 -0.1

T T 25
r 20F  The calibration sample in non-LTE
1.00 15
L 10+
§ 5k HD 19445 HD 84937
R e T L REEEE RS
0'95' Q —f()): HD 103095 HD 140283
x r -15f
= 20 App=(-11%16)%
© -25
2 r 1 10 100
% 0.90 HIPPARCOS distance [pc]
= i 25
20F  The calibration sample in LTE
15}
L L HD 140283
0.850 — R
r S MOeer _____]
Te = 6600K < -5f HD 103095 HD 19445
L ‘ i -10f .
0.80 I 1y i I I -15f
6540 6560 6580 6600 200 Dup=(09%7.6)%

wavelergth [A] . o 00

. X ' . HIPPARCOS distancepg]
Fig. 3. Profile fits to Hr in the FOCES spectrum of Procyon. The re-

vised temperaturél(; = 6600 K) is in disagreement with the observaFig. 4. Ay as a function of the astrometric distance, both in non-

tions. LTE (top) and LTE (bottom). The grey wedge indicates the typical
uncertainty of the lPPARCOS parallaxes. When non-LTE gravities are
considered the star-to-star scatter is significantly reduced.

the new self-broadening theory for Balmer lines presented by

Barklem et al. (2000) higher temperaturd@gy(= 6570K) are to the HPPARCOS astrometry and the star-to-star scatter for

possible,if the zero-point fiset for the Sun is properly ac-the — admittedly — small sample of reference stars. For a fair

counted for. and valid comparison, we use the published stellar parameters,
but rederive bolometric corrections and masses. Since an esti-
5. Stellar parameters from the Sy = 3 model mate for the §/Fe] ratio is needed for interpolating among ap-

Having calibratedsy, we reanalyse the iron spectra of the re];_)roprllate evcl)lutlon?r)étraé:ks, wel only F(:jon&ds\r/smdle? which
erence stars with our non-LTE model for iron. The final par%ypp ya;tx—e e:Een tadun faSncebr_;l Ong‘? Ie/liﬂggse eretore
meters are given in Table 7. isregard e.g. the study of Soubiran et al. ( ).

Figure 4 compares the stellar parameters in non-LTE with Particular attention is paid to studies which also undertook

their LTE counterparts. In particular, the scatter is reduc%ﬁqet'c equilibrium calculations for iron. As can be appreciated

in going from LTE to non-LTE, as dierential non-LTE ef- from comparing the upper panel Of. Figs. 4105, aI.I studies us-
fects for HD 103095 bear the opposite sign to those of all thad Fel/.FeH are an order of magnitude less precise than our
other stars. Non-LTE corrections are largest for HD 84397 aﬁallbratlon.

HD 140283. A positive slope of a linear regression line in this

diagram would thus indicate underestimated non-LTE correg-1.1. Gratton et al. (1999)

tion and vice versa. Thisfiect will be seen in the analyses of o
Thévenin & Idiart (1999) and Fulbright (2000) below. These authors employ a rgthe_r S|mpllstlc model atom of Takgda
(1991), treat the Fephotoionization and background opaci-

ties empirically and calibrat8y by means of RR Lyrae stars.

As Sy is determined to be 30, thermal populations result for
Based on our newly established methodology, we can ndlweir stars which is why the LTE stellar parameters of Gratton
compare the resulting spectroscopic distance scale with tbatal. (1996) are still the basis for the analysis of Carretta
of other studies. We compare the residufibet with respect et al. (2000). Due to the dominant influence of oxygen on the

5.1. Comparison with other studies
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2; Gratton et al.(1099) A= (-12.0+11.4) % up-to-date model atom which is quite comparable to the one
15k ' ne " 1;02;3 "™ | used by us. Photoionization is treated according to the calcu-
g st : { lations of Bautista (1997), UV line opacities are crudely rep-
g-sF e 1 resented by a scaling rule for continuous opacities. In com-
15} e MRS bination with their neglect of hydrogen colIisionSAs_O),
2y - Hpesw these assumptions lead to very large non-LTE corrections. For
1 10 100 example, the gravity correction for HD 140283 is calculated
HIPPARCOS distance [pc] to be 0.54dex. We use the larger value of [Mgj.te and
‘3‘: _ , | [Cg/Felite from Idiart & Thévenin (2000) as an estimate of
20 Thevenin & Idiart (1999) Ayp=(-20.4%10.6)% | [a//Fe].

g 13' 1 On the temperature scale employed by these authors, the
gl owemes Wolsws ] non-LTE corrections are clearly overestimated, severely so in
20t ' HD 140283 1 the case of HD 84937\ p = —34%). While the scatter is com-

:ig HD 84937 1 parableto that of Gratton et al. (1999), théset is significantly
1 10 100 larger: the sample distances are incompatible witbPkRCOS
HIPPARCOS distance [pc] atthe 2r level.
| ) HD 140283 . These authors also analyse Procyon. At a temperature of
ig: Fulbright (2000) HD 19445 1 Ter=6631K the ionization equilibrium of iron is reached at a
8 st ipioses —— {1 gravity of log g = 4.00 without departures from LTE. Judging
E _12: . 1 from our own calculations (cf. Sect. 4.4) this modelling suc-
WL A (75%236)% HD 84937 { cessis not surprising and basically t_he result of choo;mg
35 e a high dfective temperature. The derived parameters yield
1 10 _ 100 Apip = —3.3%. Including this star into the sample, the mefin o
” HIPPARCOS distance [pc] setwould be reduced to 17% with the scatter increasing to 12%.
ig: Fuhrmann (1998 & 2000) ]
| o 1 5.1.3. Fulbright (2000)
= ] S e e - ————======-==g===========¢
5 _Ig: HD 103095 HD 10445 |, ;4937 1 This analysis of 168 mostly metal—poor stars rests almost en-
-1sf { tirely on iron as a plasmadiagnostic tool: the temperature de-
200 Auwe=(-112%11)% ] termination is based on the LTE excitation equilibrium ofiFe
1 PP cos distancep] 100 gravity and metallicity are inferred from the LTE ioniza-

tion equilibrium of Fa/Felr. These steps are iterated until
Fig. 5. Same as Fig. 4, here for the studies discussed in the text. NR§g ¢(Fer) matches log:(Fe) to “within 0.03 dex in most
the dfferenty-a?(is scales. Except for the work of Fuhrmann (1,998%ases”. At best, we can therefore expect an accuracy fag log
rzgsooe)(,:tatlcl) E:)l;(ilssosshow large star-to-star scattefandfsets with of 0.05dex. We use [Melre as a proxy for §/Fe]. The
P ' masses we derive from Fulbright's stellar parameters show
a wide range: HD 103095 would be a very low-mass ob-
morphology of the evolutionary tracks, we use their publishd@ft (M =0.45Mo), HD 140283 a star of nearly solar mass
[O/Felre as k/Fel. (M =0.95M,). This might indicate unrealistic combinations
The topmost panel of Fig. 5 shows the resulting spectr@t Ter and 10gg.
scopic distance scale in comparison with the astrometric dis- While the sample mean comes out relatively close to
tances of HPPARCOS. Since the temperatures these authors dgIPPARCOs, the star-to-star scatter is very large. Thigset
rive via the IRFM are in excellent agreement with ours, it 1 HD 140283 is 40%. Statistically speaking, the gravities
surprising to see that the gravities are somewhat overestima@g Only know to within 0.25dex. Just like in the case of
rather than underestimated. From the work of Fuhrmann et Bévenin & Idiart (1999) not a single star falls in the- incer-
(1997) we would have expected the LTE gravities to be sitinty range of the PPARCOs astrometry. All this means that
nificantly too low (cf. Introduction). Since we have shown thisulbright's methods fail to give consistent results for metal-
effect to be mainly due to an inappropriate choice of dampoor F and G stars.
ing parameter€s, we assume that a similaffect is at work
in the analyses of Gratton et al. (1996). More worrying th
the 12% dfset is the large scatter, e.g. in the multiple analyzlgsll"l' Fuhrmann (1998b, 2000)

of HD 140283 which amounts to nearly 30%. These studies are methodologically closest to our own, in the
sense that Fuhrmann employs the same model atmosphere
5.1.2. Thévenin & Idiart (1999) and the same Balmer profile temperature scale. The pressure-

broadened wings of Mrp in LTE are used as a gravity indica-
In an attempt to model the kinetic equilibrium of iron ab initiotor with the remarkable result @fyp = (2 + 5)% for 100 stars.
Thévenin & Idiart (1999) put together a comprehensive arighlmer profiles and Mgh lines are practically orthogonal
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methods to determin&; and logg which helps to prevent Rather, our analysis is aimed at removing biases that are presen
disadvantageous propagation of errors. Masses are interpolatetie analysis of metal-poor stars when using the iron ioniza-
among tracks of Bernkopf (1998). The stellar parameters tafn equilibrium in LTE using 1D model atmospheres.
HD 140283 are revised with respect to Fuhrmann (1998a) and For a representative sample of local halo stars the com-
are private communication. bination of Balmer profile temperatures and non-LTE iron
When using the tracks of VandenBerg et al. (2000) the rienization equilibrium gravities succeeds in fulfilling the astro-
sulting distances are slightly shorter than with the Bernkopfetric constraint. Other authors (Gratton et al. 199%VvEmin
(1998) tracks. The internal consistency is, however, still ve&ldiart 1999; Fulbright 2000) present results an order of mag-
impressive. Fuhrmann’s work clearly demonstrates the capétude less accurate. This underlines our claim that hydro-
bilities of a careful, diferential analysis in LTE. gen collisions must be considered in kinetic equilibrium cal-
We note in passing that the revision of the stellar mass foulations. The independent method to derive dogsed by
Procyon (down taM = 1.42M,) worsens the spectroscopic reFuhrmann (1998b, 2000) yields comparable results.
sult published by Fuhrmann (1998b) 1gyp =—-9.6%. Thus Our method cannot establish the ionization equilibrium
Procyon still is a paramount test case for any spectroscopicProcyon at the fundamental paramet&gs =6510K and

analysis. log g =3.96. An upward revision of Procyon’s temperature by
90K (1.3%) toTer = 6600K is indicated instead, in agreement
6. Extreme applications: HE 0107-5240 with the radius determination based on its bolometric magni-

tude. This temperature is, however, in disagreement with the
spectroscopic constraint of the Balmer profiles.
In the meantime, our model has been applied to a cou- Using our carefully calibrated model of F&er1, cool stars
ple of new extreme halo objects: HE 015240, the most over the whole range of metallicities encountered in the Galaxy
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