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ABSTRACT

Context. Early B-type stars are ideal indicators for present-daymosbundances since they preserve their pristine aburdand
typically do not migrate far beyond their birth environmenver their short lifetimes, in contrast to older stars the Sun. They are
also un#fected by depletion onto dust grains, unlike the geidm interstellar medium (ISM) or kregions.

Aims. A carefully selected sample of early B-type stars in OB asgionis and the field within the solar neighbourhood is sddi
comprehensively. Quantitative spectroscopy is used tracterise their atmospheric properties in a self-consistay. Present-day
abundances for the astrophysically most interesting ateriements are derived in order to investigate whetheesemt-day cos-
mic abundance standard can be established.

Methods. High-resolution and high/8l FOCES, FEROS and ELODIE spectra of well-studied sharpdliigarly B-type stars are anal-
ysed in non-LTE. Line-profile fits based on extensive modilsgand an iterative analysis methodology are used to ainstellar
parameters and elemental abundances at high accuracy ecidigm. Atmospheric parameters are derived from the sémabus
establishment of independent indicators, from multiptézation equilibria and the Stark-broadened hydrogen RBalines, and they
are confirmed by reproduction of the stars’ global spectatgy distributions.

Results. Effective temperatures are constrained to 1-2% and surfagéigsao less than 15% uncertainty, along with accurate ro-
tational, micro- and macroturbulence velocities. Gooceagrent of the resulting spectroscopic parallaxes withetfimsm the new
reduction of the Hipparcos catalogue is obtained. Absalalges for abundances of He, C, N, O, Ne, Mg, Si and Fe arerdited to
better than 25% uncertainty. The synthetic spectra matebltkervations reliably over almost the entire visual sperange. Three
sample starsy Ori, oPer and?* Ori D, are identified as double-lined, indicating the preseaf an earlymid B-type companion.
Conclusions. A present-day cosmic abundance standard is establishedsfsample of 29 early B-type stars, indicating abundance
fluctuations of less than 10% around the mean. Our respiessplve the long-standing discrepancy between a chehmicabgeneous
gas-phase ISM and a chemically inhomogeneous young stelfaponent out to several hundred parsec from the Sifiagilitate
the amount of heavy elements locked up in the interstellat thube constrained precisely — the results imply that caabeous dust
is largely destroyed inside the OrionntHegion, unlike the silicates, and that graphite is only aarity species in interstellar dust —,
() show that the mixing of CNO-burning products in the courmassive star evolution follows tightly the predicted raat path,
(iv) provide reliable present-day reference points for ariolggBalactic chemical evolution models to observation, @)dmply that
the Sun has migrated outwards from the inner Galactic disk i lifetime from a birthplace at a distance around 5-6fkpm the
Galactic Centre; a cancellation of thexts of Galactic chemical evolution and abundance graglieatls to the similarity of solar
and present-day cosmic abundances in the solar neighbmrivith a telltaling signature of the Sun’s origin left iretkyO ratio.

Key words. Stars: abundances — Stars: early-type — Stars: fundamestaineters — Stars: Evolution — ISM: abundances —
Galaxy: Evolution

1. Introduction chemical abundances. The most appropriate source of nefere

. . . _ abundances for the chemical composition of cosmic matter is
The formation and evolution of galaxies, stars, interatefjas topic of vivid discussion.

and dust, planetary systems, and even life are tightlyee|&d

the origin and evolution of the chemical elements, and foese - g
to the cosmic cycle of matter. Theories that aim at exp@nir{radmonally compared to that of the Sun because it is theedt

these phenomena need to be anchored to reference value§tft"{1r and therefore its chemical abundances can be detetmine
with high accuracy and precision from application of vasou

* Based on observations collected at the Centro Astrondidise techmqueg to observations of very high quality. Thelsolar-p
pano Aleman (CAHA) at Calar Alto, operated jointly by the ¥a tQSphere’ Its chromosphere and corona can be studied figmote
Planck Institut fir Astronomie and the Instituto de Astsafa de Via Spectroscopy. Particle collection techniques frontspso
Andalucia (CSIC), proposals H2001-2.2-011 and H200562& allow in-situ measurements of the chemical composition of the
** Based on observations collected at the European SoutheserObsolar wind and of solar energetic particles. Moreover, rspss-
vatory, Chile, ESO 074.B-0455(A). troscopy of Cl-chondrites facilitates the pristine conipos of
*** Based on spectral data retrieved from the ELODIE archivetat Othe solar nebula to be accessed (except for a few volatile el-
servatoire de Haute-Provence (OHP). ements). The wealth of data gave rise to the solar abundance

The chemical composition of most astronomical objects is
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standard, which has been subject of active research in tte gmosition of the dust-phase is required, which, howeverdikA
decades anditis still subject of continuous revision argtove- ing. Further complications for K region studies are the depen-
ment based on the modeling of its convective outer envelnge alence of the derived abundances on the indicators employed i
the radiative transfer in 3D models (e.g. Asplund et al. 2008he analysi¥ fluctuations of the electron temperature through-
Lodders et al. 2009; GEau et al. 2010, and references therein)out the nebula, and ionization correction factors, which ba
Conceptually, the chemical composition of the Sun consBubstantial for some chemical species.
tutes an excellent reference for numerous astrophysicdies, An ideal alternative to find a reference for the chemical com-
of e.g. low-mass stars’ interiors and atmospheres, thecBala position of cosmic matter are normal unevolved early B-type
chemical evolution of ‘older’ star populations, or of sotains  stars of~8-18Mg, which can provide simultaneously tempo-
(with and without planets), to mention only few among mansal (present-day) and local (birth place) information orrch
other applications. In doing this, one supposes that theiSan ical abundances. They can be observed not only in the solar
typical, middle-aged low-mass star. However, the concages neighbourhood, but also at larger distances in the Milky Way
complications as dierent sets of reference values for the Suand in other galaxies. Their composition is feated by de-
are discussed in the literature. Objective criteria thimwabne pletion onto dust grains, unlike the cagarm ISM and the hi
to decide which is the most appropriate on a level where the degions. In contrast to cooler and lower mass stars theyare s
tails matter do not exist, as each of them may reproduce oneshort lived (typically~10’ yrs) that they have no time to travel
another aspect of observations bétt@ecause of this we will far from their birth place, except for the occasional rungstar.
refer to the generic solar values henceforth as the ‘sotar-stFrom an analysis perspective, spectroscopic studies bf Bar
dard’ and specify individual sources where relevant. type stars are relatively simple because their photosphee
There are also examples where the Sun is considered asoaidfected by strong stellar winds, unlike their hotter and more
reference because of the lack of another reliable standard, luminous siblings, or by convection and chromospheresken|
spite its chemical composition may not be representativéhi® the cool stars, which furthermore pose more challengesiseca
objects of study, e.g. whenever a local and present-day-refef severe line blending in their crowded optical spectrae @k
ence is required. This is because the Sun @ariori not be mospheres of unevolved early B-type stars are well repteden
assumed to provide a standard for the chemical compositiorbg classical hydrostatic, plane-parallel 1D-models iniatice
present-day. The reason for this is that Galactic chemigdie and local thermodynamic equilibrium (LTE; Nieva & Przyaill
tion has proceeded for the 4.56 Gyrs since the formationef ta007, henceforth abbreviated NP0O7) — though deviation®s fro
Sun, enriching the interstellar medium (ISM) in heavy elatee LTE (non-LTE dfects) need to be accounted fooperlyin line-
Forinstance, structure and evolution models of massive ata  formation calculations (Przybilla et al. 2011). Moreovbey are
chor their initial composition to the solar standard desfliese typically undfected by atomic diusion that gives rise to pe-
young stars are formed from the present-day ISM. Simildéinly, culiarities of elemental abundances in many mid B- to A-type
solar standard is used to constrain the amount of heavy alsmestars (e.g. Smith 1996). In slowly-rotating stars the pbphere
locked up in the dust-phase of the present-day ISM. Galactikould also be essentially ufiected by rotational mixing with
chemical evolution models also consider the solar chemi@NO-cycled matter from the stellar core (except for some fas
abundances as representative for the ‘local’ Galactichixigr- rotators seen pole-on), i.e. they should retain theiripgsthem-
hood of the Sufwhile it was possibly formed nowhere neaical surface composition throughout their main-sequeihese.
its current Galactocentric position. Moreover, Galactiemi- Despite the relatively simple physics, spectral analydes o
cal evolution models anchor the present-day compositidhef main sequence B-stars have turned out to provide inconelusi
solar neighbourhood to the solar standard in aiming to repiiesults over the past decades, i.e. large uncertaintiesin btel-
duce present-day Galactic abundance gradients. Theselgre far parameters, a tendency towards a metal-poor compuositio
a few among many other applications. Establishing an approwith respect to older stars like the Sun and an overall enaemo
ate abundance standard for the present-day in our locat®alarange in derived elemental abundances, challenging pi@atc
environment would be highly valuable either to verify wheath of stellar and Galactic evolution models. For a discussion o
the assumption that the solar standard is indeed repréisentathese topics see e.g. the reviews of Herrero (2003), Hefero
or to constrain various theories in the astrophysical cdm®re [ ennon (2004), Przybilla (2008) and Morel (2009).
tightly. In order to improve the quantitative analysis of this type
Present-day chemical abundances in the solar neighbasf'stars we have extensively updated the spectral modeiling
hood can be accessed relatively easily from absorptiorstin®  constructing robust model atoms for non-LTE line-formatio
ies of the coldwarm ISM or from emission line spectroscopytalculations and implemented a powerful self-consisteai-a
of the Orion nebula. In particular theHregions are regardedysis technique, which brings numerous spectroscopic petem
as privileged sites for the determination of chemical alamtgés and abundance indicators into agreement simultaneouaty; s
over large distances, even in other galaxies. Unfortupetfe® jng with H, He and C (Nieva 2007). First applications of our
composition of the neutral and the ionized ISM gas is altéred method to carbon abundancesin a small sample of stars inthe s
depletion onto dust grains. In order to access the actuahchaar neighbourhood (Nieva & Przybilla 2008, NP08) provided a
ical composition accurately, an a-priori knowledge of toene  unprecedented small scatter and an absolute average aizenda
similar to the solar value by Asplund et al. (2005), solviog f
the first time the above mentioned problems. Qtorts, also on

interior models based on modern (lower) solar abundancéshaiio- other metals (Przybilla, Nieva & Butler 2008, PNB08), have-p

seismic observations, whereas consensus was establighqutevious Vide_d _highly-promising _results SO far, i.e. a drastic retduco_f
higher metallicity values of Grevesse & Sauval (1998). statistical and systematic errors in stellar parametetshami-

2 The extent of the solar neighbourhood haedient meanings de- cal abundances: uncertainties as low&%6 in dfective temper-
pending on the context. For instance, in studies of F and G #tis
typically stretched out to several tens of pc, while here aresider itto  * Recombination or collisionally excited lines can indicatther dis-
extend out to~ 400 pc, similar to studies of the ISM. crepant results (see e.g. Simon-Diaz & Stasihska 2011).

1 The contemporarily most prominent example may be the deetal
solar composition problem (Basu & Antia 2008), the mismattsolar
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ature,~10% in surface gravity and10-20% in elemental abun- mentation of a semi-automatic analysis technique are siészi
dances have been achieved — comparedad 0%,~25% and in Sect. 3, which facilitates the same quality of the analytse
a factor~2, respectively, using standard methtbdBhe initial be achieved as in our previous work (Sect. 4). A comprehensiv
sample of 6 stars from OB associations and the field in the smharacterisation of the atmospheric properties of the &astgrs
lar neighbourhood covering a broad parameter range turaied and related quantities is provided in Sect. 5. Then, theltiegu
to be chemically homogeneous on the 10% level, corrobayatipresent-day cosmic abundance standard for the solar raighb
earlier findings from analyses of the ISM gas-phase (PNBO&)pod is discussed in Sect. 6. Our results are put in the broade
Yet, the sample size was arguably small. astrophysical context in Sect. 7, concentrating on ISMraxe
In this work we therefore present a comprehensive study oéad stellar and Galactic chemical evolution. Finally, a mary
sample of initially 27 early B-type stars from the solar rgigr- is given in Sect. 8.
hood, aiming to re-investigate our previous findings (frosub-
sample of only 6 stars) on a solid statistical basis. The sjaan
about 20 000K in ffective temperature and0.7 dex in surface 2. The star sample
gravities, from the zero-age main sequence (ZAMS) to close t ) )
the end of the core hydrogen burning phase. Seven stars frérh Primary target selection
the original sample had to be excluded from the analysisdor v A investigation of the present-day chemical compositién o
ious reasons. In order to compensate for this loss, ninéiaddi e solar neighbourhood requires a careful selection otie
stars from the Ori OB1 association analysed in an identiea! Wsample to minimise observationally-induced systematsbi
(Nieva & Simon-Diaz 2011, NS11) were included in the deriv \we took advantage of previous studies of early B-type stars
tion of the proposedosmic abundance standard . (Grigsby et al. 1992; Gies & Lambert 1992; Kilian 1992; Cunha
The paper is organised as follows. Particular attentioais p g | ambert 1994; Andrievsky et al. 1999; Adelman et al. 2002;
to the selection criteria for the star sample and of the sipeare |y pimkov et al. 2004; Morel et al. 2006) to compile our targe
taken to obtain observations of high quality in Sect. 2. To®< |ist. Criteria were the stars to be
putations of extensive grids of synthetic spectra and th#em ) pright: early B-type stars near the main sequence of magnitude
V <6 mag are located at distance$00 pc, with such a bright-

4 Note that typical uncertainties foffective temperature given in the L L - : ;
literature are<3-5%, however these do not take into account the lar neess limit facilitating high-quality spectra to be obtaingith

discrepancies — up 104000 K — that exist betweenfiérent tempera- elative ease, . . " -

ture determination methods, see Sect. 5.2 of NPOS for assigmu In 1) Sharp lined low (projected) rotational velocitiegsini<
the extremes, error estimates of up to 40-60% in surfaceityrand 40 km s* allow spectral line analyses to be done at highest preci-
a factor 3-5 in elemental abundances are found in the litegae.g.  Sion, maximising the chances to identify line blends andao
Hunter et al. 2007; Trundle et al. 2007). the continuum unambiguously,
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Table 1. The complete star sample: id, spectral type, variabili§,a3sociation membership, photométrand observational details.

# HD HR Name Sp.T Variab. OBAssoc. V B-V Date N Texp, S/Ng
mag mag DDMMYYYY s
Feros R=48 000

1 36591 1861 B1V OriOB11b 5.339-0.194 25-02-2005 1 120 530
+

2 61068 2928 PTPup B2l BCep Field 5.711-0.176 25-02-2005 1 180 420
+ 0.015 0.010

3 63922 3055 BO Il Field 4.106-0.185 25-02-2005 1 60 470
+ 0.005 0.007

4 74575 3468 «aPyx B1.51ll BCep Field 3.679-0.183 27-02-2005 2 60 300
+ 0.006 0.003

5 122980 5285 yCen B2V BCep Up.CenLup 4.353-0.195 26-02-2005 1 60 480
+ 0.007 0.006

6 149438 6165 tSco B0.2V Up. Sco 2.825-0.252 24-02-2005 1 80 810
+ 0.009 0.007 25-02-2005 3

Foces R=40000

7 886 39 yPeg B2IV  BCep Field 2.834-0.226 24-09-2005 2 180 530
+ 0.015 0.012

A 22951 1123 oPer B0.5V Per OB2 4.968-0.017 24-09-2005 1 500 280
+ 0.008 0.012

8 29248 1463  vEri B21ll BCep Field 3.930-0.210 14-10-2005 1 360 390
+ 0.023 0.009

9 35299 1781 B1.5V OriOBlla 5.694-0.210 15-10-2005 2 2400 330
+ 0.010 0.007

B 35468 1790 Bellatrix B2l OrioB1 1.636-0.224 24-09-2005 6 180 520
+ 0.007 0.008

10 35708 1810 oTau B2.51V Cas-Tau 4.875-0.145 14-10-2005 1 600 280

+ 0.012 0.006
11 36512 1855 wOri BOV BCep OriOBllc 4.618-0.264 27-09-2005 2 720 500
+ 0.013 0.007

12 36822 1876 ¢'Ori  BOIII OriOBl1  4.408 -0.162  28-09-2005 2 480 420
+ 0.006 0.013

13 36960 1887 BO.5V OriOBllc  4.7850.250  28-09-2005 1 240 260
+ 0.007 0.010

C 37023 1896 #'OriD BO.5Vp OrioB1d 6700 0.080  26-09-2001 5 3080 400
+

14 205021 8238 pCep BlIV gCep  Field 3.233-0.222  26-09-2005 1 100 310
+ 0.014 0.006

15 209008 8385 18Peg B3Il Field 5.0950.120  08-10-2005 2 1800 410
+ 0.008 0.014

16 216916 8725 ENLac B2IV gCep Lac OBl  5587-0.144  26-09-2005 1 600 270
+ 0.015 0.008

Eropie R=42 000
17 3360 153 (Cas B2V SPB Cas-Tau 3.6610.196 14-08-2003 4 1260 310

+ 0.017 0.006

D 11415 542 e€Cas B3l Be? Cas-Tau 3.376-0.155 12-01-2003 2 300 310
+ 0.009 0.007

18 16582 779 oCet B2lV  pCep  Cas-Tau 4.0670.219 13-01-2003 5 1250 310
+ 0.007 0.008

19 34816 1756 Alep BO.5 IV OrioB1 4.286-0.273 25-12-1996 1 1200 250
+ 0.005 0.015

20 160762 6588 (Her B3IV SPB Field 3.800-0.179 28-05-2003 2 600 390
+ 0.000 0.003

E 163472 6684 V2052 Oph B2IV-VBCep Field 5.823 0.089 19-08-2003 3 6000 290
+ 0.015 0.003

F 214993 8640 12Lac B2Illl pCep LacOB1 5.253-0.137 10-01-2004 1 2100 250
+ 0.018 0.008

G 218376 8797 1Cas BO.5IV Field 4.8500.028 12-11-2004 1 2100 290

+ 0.009 0.011
Notes. @ Mermilliod (1991); Morel & Magnenat (1978) for HD 36960 and#37023.%) Hoffleit & Jaschek (1982).

m) single this is to prevent systematic errors in the analyside-weak or He-strong stars need to be excluded as segnegatio
as second light from a companion distorts the ratio of lime- processes in their atmospheres have rendered them useless t
continuum-fluxes; objects in SB1 systems with much faintérace the pristine chemical composition.

companions or individual components in a visual binary cdn consequence, many of the resulting targets are among the
therefore still qualify as targets, and best-studied early B-type stars, with multiple analysgored

1v) chemically inconspicuouthe CP phenomenonis rare amongn the literature. The sample could therefore be vieweddesafi

early B-stars (e.g. Smith 1996) but spectroscopicallysifi@sl for the proposed purpose.
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Table 2. IUE spectra used in this study. The first subset includes stars 1-6, for which spectra
# HD SW Date W Date were obtained with Eros (Fiberfed Extended Range Optical
63922 P09511 13-07-1980 R08237 13-07-1980 Spectrograph, Kaufer et al. 1999) on the ESO 2.2m tele-

3

5 122080 P46857 30-01-1993 P24819  30-01-1993 Scope in La SillfChile. Fros provides a resolving power of
6 149438 P33008 01-03-1988 P12766  01-03-1988 R=1/A1~48000, with 2.2 pixels covering &1 resolution el-
7
8
9

886 P43467  25-12-1991 P22073  25-12-1991 ement. Of the entiredros wavelength range, only the part be-
29248  P37958  06-01-1990 ... tween~3800 and 8000 A meets our quality criteria for detailed
35299 P18005 18-09-1982 ... analysis. The stars have already been subject to investigat
11 36512 P08164  04-03-1980 R07097  04-03-1980 i, Njeva & Przybilla (2006, NP06), NPO7, NP08 and PNBOS.

12 36822 P08595 29-03-1980 RO7338 29-03-1980 ; ;
13 36960 P30541  16-03.1987 P10338  16-03-1987 \evertheless, they are included here as many details oftile a

14 205021 P40477 28-12-1990 P19491 28-12-1990  YSis were unreported previously. We refer the reader to N&®O7

15 209008 P20593 03-08-1983 R16508 03-08-1983 details of the observations and the data reduction.
17 3360  P26535 03-08-1985 P09140  21-09-1986  Thirteen stars (7-16, A-C) compose the second subset,

18 16582 P29814  05-12-1986 P09634  05-12-1986 which were observed withdees (Fibre Optics Cassegrafﬁch-
19 34816 P08166  04-03-1980 R17279  08-03-1984 elle Spectrograph, Pfiéer et al. 1998) on the 2.2m telescope
20 160762 P42454 13-09-1991 P21228  13-09-1991 gt Calar AltgSpain. With the instrument configuration chosen a
Notes. ™ High-resolution spectrum. 2-pixel resolution ofR~ 40000 was obtained, providing wave-
length coverage from3900 to 9500 A. Data reduction was per-
formed using the éces data reduction software (Pfegr et al.

The distribution of the sample stars in the solar neigthLi]rQS)t.S)’ cgmprisiggdthek usual srttepts)tof ?.ad pixel andl c?tsr;:‘? cor
hood is visualised in Fig. 1 (anticipating distance deteations rection, bias and dark current subtraction, removai oite

in Sect. 5). The stars delineate Gould’s Belt both in the Gafa 9Nt OPtimum order extraction, flatfielding, wavelengdiibra-
plane projection as well as in the vertical cut through thiaGa tion using Th-Ar exposures, rectification, and merging (ﬁ th
disk, with few outliers. They are highly concentrated todgathe échelle orders._A major adv_antage_related to thexf-design is
disk plane, with few objects located beyond a vertical dista that the order tilt for normalisation is much more homogerseo
z> 100 pc. Members of the two most prominent star-forming r ban In S|m|lla_r spectrographs. Th|s facilitates a more sbban-
gions in the solar vicinity are included in the sample, obf2es inuum rectification than feasible usually, even in the cafse
one of the Orion Trapezium stars, objects 5 and 6 are memberQpad features like the hydrogen Balmer lines, which cam spa
the Sco-Cen association. The asymmetry of the star disitsibbu more than one e_chelle order (see Korn 2002). Finally, mlelti

is because our main observing program utilised telescapteeo exposures of individual stars were coadded_and t_he speeta w
northern hemisphere (the celestial equator is roughlyrsgeby shifted to rest wavelength by cross-correlation with appieie

ok . synthetic spectra.
the connecting line between objects E and 9). Spectra for the third subset of stars (eight stars: 17—-2@)D—

were extracted from theiboie archive (Moultaka et al. 2004).

2.2. Observations and data reduction ELopie was an échelle spectrograph mounted on the 1.93 m tele-

) o _ _ _ scope of the Observatoire de Haute-Prov#a@ance, covering
High-resolution échelle spectra at very high signal-ttse 5 wavelength range from4000 to 6800 A aR~ 42000 (see
(S/N) ratio — ranging from 250 up to over 800 Bi—and wide Bgranne et al. 1996). The reduced spectra from the archive
wavelength coverage for 27 objects were obtained, eithewny needed to be normalised as a last step of post-processing. We
observations, or from archives. A summary of the star samplged a spline function to carefully selected continuum {soin
and observational details are given in Table 1. Objectifieat  for this purpose, in analogy to our procedure for theds data.
tions include our own numbering scheme (to facilitate edepi  ynfortunately, a reliable normalisation of broad linestie blue
tification in the figures and other tables), HD and HR numbefige Hy, and Hs turned out dificult, such that they were not con-
and names of the stars. Spectral types are given and antiodicasjgered for the analysis. After normalisation, the indiidtispec-
of variability, basically divided in3 Cephei types and slowly- {3 of one object were coadded in order to obtain a combined
pulsating B-stars (SPB)Membership to one of the nearby OBspectrum of improve&/N.
associations or to the field population is indicated. Phetoin In addition to the spectra, which constitute the principal
information covers observed Johnsdrmagnitudes and colors gata for the analysis, various (spectro-)photometric eee
B — V. Observational details like the date of observation, thgjopted from the literature for constructing spectral gper
number of individual exposures per objedt the total expo- gistributions (SEDs). Main sources of JohnsSoBVRIJHK-
sure time and the resultiry/N-ratio in theB band of the coad- photometry were Mermilliod (1991), Morel & Magnenat (1978)
ded spectrum are also indicated. Our philosophy for comudit 3ng puycati (2002), and somé&HK-magnitudes (only those
of data aims at obtaining a 'snapshot’ of the stellar speetruyith a quality marker ‘A) were adopted from the Two Micron
even for variable stars. Consequently, only exposuresitdiie-  a|| sky Survey (2MASS, Skrutskie et al. 2006). Additionally
ing a small fraction of the same night were coadded, with thex-calibrated spectra for 15 objects as observed with the
one exception of a non-variable star. The analysis will ekl  |nternational Ultraviolet Explorer (IUE) were extractedih the
meaningful time-invariant quantities like elemental adex_:es MAST archivé. Only spectra acquired using a large aperture
or fundamental stellar parameters even for variable stet8¢  \ere considered to avoid light loss. Preference was given to

atmospheric parameters likéfective temperature and surfacqow-dispersion data, except for a few cases where only high-
gravity will be valid only for the moment of observation. Thejispersion spectra were available. These data cover thgeran
observational material divides into three subsets. from 1150 to 1980 A for the short (SW) and from 1850 to 3290 A
for the long wavelength (LW) range camera. Typically, both

5 Pulsation periods o Cephei stars vary betweerB to 8 hours,
while those in SPB stars vary betwee@.5 to 3 days. 8 http://archive.stsci.edu/
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wavelength ranges were observed the same day. A summary of
the individual spectra used in the present work (data ID remb

and observation Qate) S givenin TabIe_2. . D: HD11415 A preliminary analysis of the star yielded several
T_he observatlon_al _matenal comprises one of the h'ghqﬁkonsistencies, which either relate to unrecognised lpnod
quality for the quantitative study of felemental abundarioes with the E.opie spectrum (in particular to the continuum nor-
early B-type stars in the solar neighbourhood so far. ObSEljisation) or to some peculiarity of the star. A closer @tfpn
vational bias should thus be reduced to a minimur. of the literature revealed that it is listed in the catalogie
Be-stars of Jaschek & Egret (1982). All Balmer lines and in
particular Hr are in absorption in the available spectrum, but
we cannot rule out low-level emission filling in the innerdin
Once the spectra were reduced we undertook visual inspectiovings (imitating normalisation problems). Moreover, Leon
of the data in the course of the quality assessment. Fouctsbjeet al. (1995) describe HD 11415 as CP star of the He-weak
were immediately found conspicuous, while three more wetgpe. These factors prompted us to exclude HD 11415 from the
found to be problematic in the analysis. About a quarter ef tlietailed analysis.
carefully pre-selected sample turned out as candidateieiag: Hp163472 A preliminary analysis of the star indicated
or as chemically peculiar. In the following we want to brieflynconsistencies of the solution, which were unexpectedewv
address the reasons why these cases (stars A-G in Tablgtkhe ‘normal’ appearance implied by the analysis of Motel e
needed to be removed from our sample. al. (2006). However, a detailed study by Neiner et al. (2003)

A: HD22951 The object is a so far unrecognised candidafeund HD 163472 to be chemically peculiar, in particularsit i
SB2 system. All the stronger sharp lines in the spectrum sh@wHe-strong star. Biusion in the magnetic atmosphere renders
weaker and broader absorption dips as well, shifted blugwdhis otherwise highly interesting star useless for our peep

from the primary’s features. Examples are given in Fig. 2eseh F: HD214993 The star is one of the most intensely studied
the corresponding lines in one of the single stars of our #mp Cephei pulsators (Desmet et al. 2009, and referencesherei
are also shown for comparison. The secondary of the systeyur preliminary modelling encountersfiitulties, which may

is a cooler main-sequence star, of spectral type about B2. Bk resolved assuming helium-enrichment of the atmosphere.
the signatures can be viewed as undetectable at the r@solutihis requires further investigation and in consequence we
of classificatior) spectra. The seg:ondary’.s light rendess tbxcludethe star from the present work program.

spectrum unsuited for our analysis t(_achmque and the StardS 1p218376 The star shows conspicuously broad lines.
therefore excluded from further analysis. Whether this may be interpreted as unresolved binarity — re-
B: HD35468 (Bellatrix) The star was considered a referencquiring two about similar components — or whether fiedent

for the definition of spectral type B2I1ll by Walborn (1971)explanation needs to be found has to be decided by further in-
However, our spectrum shows thatOri is a candidate SB2 vestigations.

system composed of two very similar components, see Fig. 2.

This resolves the apparent overluminosity of the star found

by Schroder et al. (2004) from an evaluation of ite#srcos 3. Spectrum synthesis in non-LTE

parallax. ~ The non-LTE line-formation computations follow the metbéd
C: HD37023 The case resembles that of HD 22951, see Fig. ggy discussed in detail in our previous studies for H and He in
The companion of HD 37023 is of slightly earlier type thantthaypo7, for C in NPO6 and NP08, and for N, Ne, Mg, Si and Fe
of HD 22951, as its contribution to the spectrum is strongen PNBOS. In brief, a non-LTE approach is employed to solve
Note that while HD37023 is a known spectroscopic biname restricted non-LTE problem on the basis of prescribell LT
(see Vitrichenko 2002, for a discussion) the direct detecti atmospheres. This technique provides #itient way to com-
of a companion in the spectrinoffers the possibility to put pute realistic synthetic spectrain all cases where the spivric
much tighter constraints on the system, such that follow-Wructure is close to LTE, like for the early B-type main sexge
observations are recommended, like for the two previousstasstars analysed here (see NP07). The computatidfait® can
thus be focussed on robust non-LTE line-formation calawrest

7 The presence of light from a companion in the spectrum dfhe validity of the approach was recently verified by diremhe
HD 37023 was indicated recently also by Simén-Diaz (20i9;oot- parison with hydrodynamic line-blanketed non-LTE model at
note 3), however without giving further details. mospheres (NS11). This approach has been equally suckessfu

2.3. Stars excluded from the analysis
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Table 3. Model atoms for non-LTE calculations.

lon Model atom

H Przybilla & Butler (2004)

Hel/ll PrZybl"a (2005) Model Atmosphere ‘ ‘ Model Atoms ‘
Cu-iv  NPO6, NPO8

N Przybilla & Butler (2001), updatéd

Ov/u Przybilla et al. (2000), Becker & Butler (1988), updated
Neyu Morel & Butler (2008), updated

Mgu  Przybilla et al. (2001)

Sim/iv  Becker & Butler (1990)

Fernym Becker (1998), Morel et al. (2006), corrected

Notes. 2 See Table 7 for detail8.See Sect. 3.1.

in improving model fits beyond the field of massive B-typestar
e.g. in low-mass subdwarf B-stars (Przybilla et al. 2006io)B-
type extreme helium stars (Przybilla et al. 2005, 2006c).

T, log
Fig. 3. Schematic diagram of our analysis method. See Sect. 4.1 for

details.
3.1. Models and programs

(Kuruez 16636) which assumes plane-parallel gemetmenet /€. C: N: O, Mg and i encompastiestive temperatures
from 15000 to 35000K in steps of 1000K, surface gravities

ical homogeneity, as well as hydrostatic, radiative andadlocI SNt .
. S . . X ogg from 3.0 to 4.5 (cgs units) in steps of 0.1 dex, microturbu-
thermodynamic equilibrium (LTE). Line blanketing was iisatl Iegc?es from 0 to 12 k(mgé in ste)ps of 2pkmsl and metal abun-

here by means of opacity distribution functions (ODFs, Karu dances within 1 dex centered on the B-star abundance values o

1993a). _Solar abundan_ces of Grevesse & Sauval (1998) WE’FBOS in steps of 0.1dex. Hydrogen and helium abundances
adopted in all computations. The model atmospheres wece hg e set to the values derived by PNBO8. The lower limit of the

g);zdrr:gdtgfsngzgﬁgﬁeiaelgtgg;ggs'W'\ilt?]nr'é‘;rfml?/\glsi%%gé?gonsurface gravity for each value of temperaforeroturbulence
p is constrained by the convergence ofi&s9. All grids have

and Sreack (Giddings 1981; Butler & Giddings 1985, both UPheen successfully tested by reproducing results from PNBO08

gglteed ltj)i)I/il:t<riuBr::tlaerta-[ig?\scSvueels(ic:ﬂ/delgtl/\\l/ﬁr:agnggnarllgﬁat For Ne and Fe (the computationally most demanding species)
q N L, employing microgrids — varying abundance only — were computed per star

an accelerated lambda iteration scheme of Rybicki & Humm : .
(1991). This allowed even complex ions to be treated in a rgérc;]epﬁile?jtzl:}agsparameters were determined with the layger

alistic way. Synthetic spectra were calculated withri&ce,
using refined line-broadening theories. Continuous ojegcit
due to hydrogen and helium were considered in non-LTE and
line blocking was accounted for in LTE via Kurucz' ODFs.
Microturbulence was considered in a consistent way threugBur analysis method is based on the simultaneous reproducti
out all computation steps: in the selection of appropriad#-© of all spectroscopic indicators (Sect. 4.2) via an itemtine-
for realising line blanketing and line blocking in the atmhberic fitting procedure aiming to derive atmospheric parametads a
structure and non-LTE level populations determinatiom, fom  chemical abundances self-consistently. In contrast toncom
the formal solution. strategies in stellar spectroscopy, this analysis tecientgkes
Non-LTE level populations and the synthetic spectra oflall efull advantage of the information encoded in tlre profiles
ements were computed using our most recent model atonts lisé different wavelength ranges simultaneously. Integrated quan-
in Table 3. Updates of some of the published models were ctities like equivalent widths W are not measured in this ap-
ried out introducing improved oscillator strengths andisiminal  proach. The stellar parameters primarily derived hereteret-
data. These models were previously tested in NP08 and PNBB8tive temperatur& s, surface gravity log, microturbulence
for early B-type stars covering a wide parameter range. Aprcg, (radial-tangential) macroturbulengeprojected rotational ve-
lem with the line-formation calculations for kewas identified locity v sin i and elemental abundancgX) = log(X/H) + 12.
in the course of the present work. Several high-lying enérgy
els were previously erroneously treated in LTE in the foremal
lution with Surrace, despite correct non-LTE level population
were provided by Brar. Higher iron abundances for the hotterrhe basic analysis methodology was introduced and appdied t
objects (e.g. by 0.16 dex ferSco and<0.05 dex for the majority a strategically chosen star sample covering a broad pagamet
of stars) result after implementing the corrected Fe moteha range in Nieva (2007), NPO7 and NP08. A major complication in
removing a slight artificial trend with temperature founé\y¥  that work was that both the model atom for carbon and the stel-
ously. lar parameters had to be constrained simultaneously. Timgs,
global problem needed to be solved — to select among the avail
able atomic data the one combination that facilitated reypce
tion of the observed lines throughout the entire sample lgqua
For the present work a set of grids of synthetic spectra was cowell — and many individual problems — the determination ef at
puted with ArLas9, Derai. and Sirrace following the same pro- mospheric models that described the sample stars bestilhe o
cedure as in our previous papers. Large independent gridsaafy to realise this was via the computation of numerous small

Spectral analysis

S4.1. Semi-automation of the analysis procedure

3.2. Grids of synthetic spectra
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grids per star for dferent sets of stellar parameters and atomitable 4. Spectroscopic indicators for fdiy and logg determination.
data, and interactive work to decide how to improve based OB HD T H HeiHen CuCm Civ O1 On NeiNen SimSiv FenFem
the quality of match between the models and observationt Ove 108K
100 interactive iterations were needed to find a self-co&18iS 11 35512 33.4e
solution, i.e. selection of the best atomic data and det&ami g 149438 32.0
tion of stellar parameters and carbon abundances for Si® stag g3922 31.2
covering a broad temperature range. The benefit from this-timyg 34816 30.4e
consuming approach was twofold: first, a highly robust modegb 36852 30.00
atom was provided for further applications, and secondiot® 13 36960 29.0
experience was gained in the identification of sources of sys 36591 27.0e
tematic error that helps to minimise such uncertainties@nkw 1,4 505021 27
thereafter. This lead, e.g. to updates of model atoms feretle- 5 51068 263
ments, see PNBO8 and Table 3. Allin all, a solid basis forl§igh ¢ 35099 235
accurate (reduction of systematic uncertainty to the @E@0S- 15 516916 23.00
sible extent) and precise (low statistical uncertaint@®glyses , 74575 22 .ge
was thus laid. 7 886 22.0e
Once the global problem of the model atom construction ang 59,45 22 e
testing is solved, one is faced with the much easier taslotiit 15 16580 212
stellar parameters and elemental abundances need to be cgni»s950 208
strained. The basic analysis methodology is outlined in 8ig 15 35708 207
The individual steps could be realised in form of smallgode ;7 3360 207
putations like outlined before, but this is too fhieient for inves- 55 160762 17.5
tigating larger star samples. We have therefore replacedah |5 599008 156
culation of dedicated small grids of synthetic spectra (gosa
ing the boxes ‘Model Atmosphere’, ‘Model Atom’ and ‘Non-Notes. The boxes denote ionization equilibria.
LTE Spectrum Synthesis’ in Fig. 3) by a pre-computed compre-
hensive grid of models (in total of the ordet00 000 synthetic
spectra), as described in Sect. 3.2. The second new ingtdédie abundances, and also to quantify their statistical uniceiea.
the present work was the adaptation of a powerful fittingineut The novel approach provides results meeting the same yualit
for the semi-automatic comparison of observed and thealetistandard as our previous work (for test purposes and censist
spectra (the box ‘Quantitative Analysis’ in Fig. 3)ea§ pro- checks we therefore included the previously analysed tbjec
vides the means to interpolate between model grid pointsgor the present sample, stars 1-6 in the tables). Its advaniages
to three parameters simultaneously and allows to applyuinsthigher degree of objectivity than ‘by eye’ fits and a far highe
mental, rotational and (radial-tangential) macrobroaugfunc- efficiency, hence allowing larger star samples to be analysed.
tions to the resulting theoretical profiles. The programsube
downhill simplex algorithm (Nelder & Mead 1965) to minimis
2 in order to find a good fit to the observed spectrum.

Interactive work in some decisive steps on the analysis wilpecial emphasis was given to use multiple indicators irord
Seas paid df as much more accurate results could be obtainad. minimise the chance of the stellar atmospheric parameter
Crucial was the selection of the appropriate spectrosciopic and chemical abundance determination being biased byuadsid
dicators (Sect. 4.2) for the parameter determination whely systematic errors. The following spectroscopic indicatoere
vary from star to star upon availability of specific spectiraés utilised in the quantitative analysis:

(depending on stellar temperature, spectrum quality a8t o T all available H and He lines, and multipledependent
served wavelength coverage). All spectral lines unsuited fionization equilibria; confirmation via spectral energgtdbu-
analysis because of e.g. blends, loiMSuncorrectable normal- tions (SEDs);

isation problems, incomplete correction of cosmics, OO  jo¢: wings of all available hydrogen lines and multiple ioni-
shortcomings in the modelling needed to be excluded. Also,gsion equilibria; confirmation via ibarcos distances;

verification and, possibly, correction of the automatic toon . . . .
uum placement lead to a gain in precision. Every element W?ié several elements with spectral lines offdient strength

analysed independently (passing through the loop proeddur l(?nforcmg .nol cotr:ela;?og bet\{vecjesf(X) 3ndtt25 sftrength of the

Fig. 3) and some interactive iterations for fine-tuning thegm- mes_ (gquwa ent ta( _) e|ng_|n ependent o),

eter determination were needed in order to find a unique sofu¥ Sini andZ: metal line profiles;

tion that reproduces all indicators simultaneously. Thisili  ® &(X): a comprehensive set of metal lines.

tated also to derive realistic uncertainties for the stedrame- The parameter determination started with the analysiseof th

ters, as the formal errors determined ysSvia bootstrapping) hydrogen and helium lines. When a good simultaneous fit to

were unrealistically low. Instead, the standard deviai@mund most H and He lines was achievedl= and logg were then

the average parameter values were adopted, as derivedtfeomtypically constrained to better thars% and 0.1-0.2 dex, respec-

various independent spectral indicators. Likewise, ulaggies tively, for this high-quality set of stellar spectra — th@pedure

of elemental abundances were determined from the linéx-I commenced to consider lines of other elements. lonizatiomne

scatter found from the analysis of the individual features. libria, i.e. the requirement that lines fromfldirent ions of an
Finally, it was thus possible to derive a simultaneous, selement have to indicate the same chemical abundance, facil

consistent solution for atmospheric parameters and clemitated a fine-tuning of the previously derived parametete T

selection of ionization equilibria to be analysed deperrdsagr-

8 Spectrum Plotting and Analysing Suitea§ (Hirsch 2009). ily on T, Table 4 summarises the spectroscopic indicators em-

€4.2. Stellar parameter and abundance determination
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ployed for theTes and logg determination of each sample starTable5. Stellar parameters of the program stars

sorted by temperature. Elements that show lines of three ioTF— HD T, logg £ vsini ¢ E(B-V) Vo M Tspoc Ohip
ization stages simultaneously in the spectrum are mosaidu 10°K (cgs) kms®™ mag magMe pc  pc
as they can in principle constrain bofly and logg at once.
Examples are @/my/v or Sin/m/iv® in early B-type stars. When
lines from only two ionization stages of an element are preise
the spectra, then more indicators are required for the psteam
determination. Usually in the literature, a few hydrogees are
analysed and one ionization equilibrium is establishedtt@n
other hand, we try to establish typically 4-5 independeniza-
tion equilibria in addition to fitting all available hydrogéines,
which is unprecedented. Finally, the resulting model fluxese
compared with the observed SEDs. While such a high accura
in the Teg-determination as with our spectroscopic approach can

1 36591 27.0 4.12 3 12 ... 0.06 5.16 12.3 408
+ 0.3 0.05 1 1... 0.00 0.01 0.3 26

2 61068 26.3 4.15 3 14 20 0.07 5.49 11.6 434
+ 03 005 1 21 0.01 0.03 0.3 28

3 63922 31.2 3.95 8 29 37 0.09 3.82 18.9 389
+ 03 005 1 4 8 0.01 0.02 05 25

4 74575 229 3.60 5 11 20 0.05 3.54 11.7 301 270
+ 0.3 0.05 1 2 1 0.00 0.01 1.2 24 10

122980 20.8 4.22 3 18 ... 0.01 4.32 7.5 150 156
+ 0.3 0.05 1 1... 0.010.02 02 10 5

not be achieved by SED fitting alone, it provides a valuabte co © 149438+ 3(’)230 04(-)3;0 15 14 l4 00(.)?302(.)723 :(L)57.8 133 11;15

sistency check, which can also facilitate the detectiontbée = e . . .

wise unrecognised cooler companions. 7 886+ 262.40 03,0955 12 29 28 00'0010 02'0843 09'32 1280 1%0
Microturbulence was for a long time aml-hocfit parameter o L1 .

that was employed to remove correlations of abundancedjth 8 29248+02§so 036?35 16 226 %__)5 006210363,0 093.5 %%5 2g7

and often a dterent¢ was adopted for dierent elements. Only - . DL 0 :

recently, a physical explanation for the phenomenon of ohicr 9 35299+ 20335 04(-)250 10 18 00(.)%205(.)624 09.32 3;;4 %39

bulence in hot stars was suggested, likely being a consegue o ‘ : :

of subsurface convection (Cantiello et al. 2009), simitathe 1o 35708+ %927 0%%5 12 %5 ;:7 0%(1)60.4(529 0.72.6 %gz 132

case of solar-type stars. Microturbulence needs to be @nstl
simultaneously along witfier and logg, such that its determina-
tion was a crucial part of our iteration procedure. The radeo

11 36512 334 430 4 20 10 0.02 4.54 18.0 366
+ 0.2 0.05 1 2 5 0.01 0.03 0.7 24

12 36822 30.0 4.05 8 28 18 0.11 4.06 16.2 338 333

this is that an inappropriately chosen microturbulence reag + 03 010 1 > 5 001004 11 46 28
to substantial shifts iTe; from the ionization equilibria analy- S o '
sis, see Fig. 5 in Nieva & Przybilla (2010b), which may remairt> 3696O+ %930 046%0 14 %8 %O 0%(1)204(5;4 3%4 3322
unnoticed in the usual approach of using a minimum set of in- T P '
dicators for the parameter determination. Consequerigral T4 205021+02Z50 03(')%5 14 %8 30 000‘83036%3 é%B fg L 12310
elements were analysed for deriving the microturbulerdaigy. S ' o '
Our primary indicators were the Si, O and C lines, but the re-> 209008i %)?2.8 0_3(');514 %5 %0 0%240%27 0_52'8 23572
sults were checked for consistency with the lines from tiheiot 16 216916 230 395 0 12 0.08 533 9.8 405
elements as well. o _ _ +02 0051 1.. 001003 03 26

The detailed analysis of line profiles shows that rotatlonfil7 3360 20.75 3.80 2 20 12 002 361 89 191 182
broadening alone is often not fligient to explain the ob- + 02 005 1 2 5 001003 03 12 5
served line shapes in hot stars. Agreement can be achie\i%d 16582 21.25 3.80 2 15 10 000 4.07 9.3 241 199
when introducing a radial-tangential anisotropic maatoy + 04 005 1 2 5 0.01 003 03 16 6
lence _(Gray 2005, p. 433f.) as additional br(_)aden_lng age®, 19 a4516 304 430 4 30 20 000 4.29 14.4 264 261
e.g. Fig. 11 of Przybilla et al. (2006a). Consideration otroa + 03 005 1 2 7 002 005 04 18 16
turbulence is therefore essential for meaningful lineiging 20 160762 17.5 3.80 1 6 0.00 3.80 6.7 157 139
x2-minimisation. A physical explanation of macroturbulemte + 02 005 1 1. 000001 02 10 3
hot stars was also only recently suggested, likely beindlaco
tive effect of (non-radial) pulsations (Aerts et al. 2009). Notes. @ T and logg are expected to vary over a pulsation cycle in

Usually in stellar analyses, once the stellar parameters ére variable stars (cf. Table 1), see Sect. 5.1 for furthesudision.

fixed one commences with the abundance determination; treat
ing this as an essentially independent step. In our appribech
abundance and stellar parameter determination are tigétly
lated because of the use of ionization equilibria. In consege,
only few species (those not appearing as ionization egialib
in Table 4) are left to finalise the analysis. Anotheffelience
to typical literature studies is the large number of spédtras
evaluated by us per species, and the consistency achiewad fr
the diferent ionization stages of the various elements. All t
various improvements in observations, modelling and aisly
methodology facilitated analyses at much higher precisioth 5 1. Steljar parameters
accuracy to be achieved than possible in standard works. The
quality of the analyses could be retained over a large parafable 5 summarises the stellar parameters derived from the
eter space, spanning nearly 20 000 KTig: and ranging from quantitative spectral analysis. This includes the atmespipa-
rameters ffective temperatur&qs, surface gravity log, micro-

® Note that we analyse Si/v lines only because the model atom emiurbulencet, projected rotational velocity sini and macrotur-
ployed here underestimates silicon abundances derivet$ia lines, bulent velocity/. Additional quantities include the computed
see Simon-Diaz (2010) for a discussion. colour excesE(B - V) of the sample stars, their de-reddened

close to the zero-age main sequence (ZAMS) to the giant.stage
Consequently, an excellent match of the computed and the ob-
served spectra is achieved globally and in the details jeeertd

of Sect. 5 for a discussion.

. Results
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Fig.5. The sample stars in th€&g—logg plane. br-uncertainties are Fig. 6. Results of the distance determination. Upper panel: coisgrar

shown. Numbering according to Table 1. Overlaid are evotutiacks of spectroscopic and ibbarcos distances. &-uncertainties are shown.

for non-rotating stars of metallicit =0.02 from Meynet & Maeder Numbering according to Table 1. The 1:1 relation is indiddty the

(2003, full lines) and Schaller et al. (1992, dotted liné&ge Sect. 5.1 dashed line. Lower panel: percenffdirence of the two distance indica-

for a discussion. tors. Open circles mark the data if corrected for Lutz-Kebias. See
Sect. 5.1 for a discussion.

apparent magnitudé,, evolutionary masseldle,, spectroscopic
distanceslspecand Heparcos distanceslyp. ionization equilibria are thus further verifigd The photometric
Effective temperatures are constrained to 1-2% and surfaga was converted into fluxes using zeropoints of Bessell et
gravities to less than 15% ai'luncertainties). Itis unIiker that (1998) for Johnson photometry and of Heber et al. (2002) for
these values are subject to larger residual system3t@sthey the 2MASS photometry. All observed fluxes were de-reddened
are constrained by the simultaneous match of niadgpendent ysing an interstellar reddening law according to Cardé¢lkle
indicators. Even changes of the underlying physical motieés (1989), adopting colour excesseg8 — V) as indicated in Fig. 4
a use of hydrostatic non-LTE model atmospheres (Nieva 20Qf)d a ratio of total-to-selective extinctidy = Ay/E(B-V) =
or hydrodynamic non-LTE model atmospheres (NS11), hagel. Note that theE(B - V) values used in Fig. 4 may fér
been shown to have only smalfects (i.e. agreement of stellarsjightly (on average by-0.02 mag, which is within the mutual
parameters and elemental abundances is obtained withfthe gdhcertainties) from those in Table 5, which were calculétech
ferent models, within the stated statisticat-incertainties and the diference between the observed and the computess®
without systematic trends). Overall, this is a major im@ment  model colour. As IUE spectrophotometry was not availabre fo
over other literature studies, where the uncertaintiesscaount || the sample stars, we decided to use the homogeneously de-
to ~5-10% for efective temperature ane5% for surface grav- rived E(B - V) data in Table 5 to determing,.
ity. In consequence, all quantities depending on tempezatod Evolutionary masses of the sample stars were determined by
gravity (e.g. reddening, evolutionary masses, spectmsabs- comparison of the objects’ positions in affiegtive temperature
tances) also show reduced uncertainties. A slight degeyefa T; vs. surface gravity log diagram with stellar evolution mod-
line profile variations to simultaneous changew/aini and{ els from Meynet & Maeder (2003), see Fig. 5. Tracks for non-
prevents one to achieve very tight constraints on thesetiiean rotating stars with ‘solar’ metallicity = 0.02 were adopted. As
individually. ) o ) several stars are less massive than the lower mass limiiof th
A noteworthy result is the finding thamevalue of micro- grid, additional tracks from Schaller et al. (1992) wereted,
turbulent velocity is derived from theftierent chemical species,which however show a smallfiset with respect to the more
after several iterations in all variables of the spectréhfitpro- modern data, see theMy;, models. For consistency, we applied
cedure. This was often not the case in previous studiedy likeorrespondingfisets to the lower-mass objects in order to derive
being a consequence of adopting ill-chosen atmospherapar homogeneouM,, values in Table 5. Note that some systematic
eters or of shortcomings in the modelling, e.g. the assumptipffsets will result due to dierence between the mod&I£ 0.02)
of LTE or the use of limited sets of atomic data for non-LTEnd our derived metallicitieZ(= 0.014). One consequence will
line-formation calculations. . be a shift of the zero-age main sequence towards higher-gravi
A comparison of the resulting model fluxes with the obties, such that the high-gravity objects 6, 11 and 19 will dal
served spectral energy distributions (where availabl&wsh the ZAMS. We neglect this in the following, as théeets on the
good agreement, see Fig. 4 (available online only). Our vajrther discussion are small.
ues for éfective temperature derived via multiple independent opce these parameters are constrained, it is possible to de-
termine spectroscopic distanakgecof the sample stars using a
formula by Ramspeck et al. (2001)

10 This is strictly valid only for the time of observation, seecg 2.2.
The variable stars are expected to show (correlated) ckafdes and
logg, (de Ridder et al. 2002; Catanzaro & Leone 2008), which mag
exceed the given uncertainties in Table 5. Average atmoipbaram- Gspec= 7.11x 10* y/Mey H, 1004Ve-1099) [pc], (1)
eters as derived from the analysis of time-series obsenatinay be
more appropriate in this context, however our approachvessothe 1! The opposite approach, using the SEDs as an indepefdgnt
time-invariant quantities like elemental abundancesctviig the main indicator is of limited value because of a much lower sevigjtiof the
topic of the present work. method.

10
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Table 6. Metal abundances for the sample stars.

7 HD C N 0 Ne Mg Si Fe
1 36591 8.330.08(30) 7.750.09(61) 8.750.11(53) 8.020.08(21) 7.580.10(6) 7.5&0.04(5) 7.480.11(32)
2 61068 8.220.07(23) 8.080.12(61} 8.76:0.09(49) 8.020.11(17) 7.560.03(3) 7.530.06(5) 7.5%0.11(28)
3 63922 8.330.07(19) 7.720.08(23) 8.720.10(39) 8.020.07(8) 7.6@0.01(2) 7.430.12  7.51+0.08( 9)
4 74575 8.3%0.10(19) 7.920.10(56F 8.79:0.08(45) 8.080.08(12) 7.5:0.10(6)  7.520.12  7.51+0.09(27)
5 122980 8.320.09(22) 7.760.08(47) 8.720.06(52) 8.020.07(14) 7.580.05(4) 7.250.04(4}  7.44:0.11(27)
6 149438 8.380.12(32) 8.160.12(73} 8.77:0.08(49) 8.140.07(18) 7.620.03(3) 7.520.06(2) 7.540.09 (21)
7 886 8.3%0.08(17) 7.7&0.07(40) 8.730.11(52) 8.130.08(13) 7.6:0.05(4) 7.380.03(5) 7.5%0.07(30)
8 29248 8.230.13(15) 7.930.09(41} 8.78:0.09(47) 8.020.07(12) 7.550.08(3) 7.540.06(5) 7.520.08 (25)
9 35299 8.350.09(16) 7.820.08(40) 8.840.09(52) 8.020.10(14) 7.530.06(4) 7.5&0.05(5) 7.530.10(28)
10 35708 8.30.09(15) 8.220.07(38} 8.82:0.11(45) 8.060.09(12) 7.680.02(4) 7.5:0.03(5) 7.580.06 (24)
11 36512 8.380.14(19) 7.720.11(22) 8.750.09(39) 8.1%0.07 (11) 7.50 (1) 7.540.07(2)  7.530.03( 3)
12 36822 8.280.14(22) 7.920.10(31} 8.68:0.10(39) 8.080.09 (14) 7.54 (1) 7.560.07(2)  7.520.04( 9)
13 36960 8.3850.09(20) 7.720.11(36) 8.620.08(41) 8.130.11(13) 7.62(1) 7.560.07(2)  7.480.09 (13)
14 205021 8.240.06(10) 8.130.11(33} 8.64:0.13(44) 8.1%0.11(10) 7.53 (1) 7.500.09(2) 7.550.10(20)
15 209008 8.330.09(10) 7.8@0.11(18) 8.880.11(21) 8.020.11(14) 7.5:0.07(4) 7.420.04(4) 7.530.08 (26)
16 216916 8.320.07(17) 7.780.10(40) 8.780.08(47) 8.180.11(14) 7.540.06(5) 7.5%0.05(5) 7.5@0.08 (21)
17 3360 8.3:0.08(14) 8.230.07(37} 8.80:0.08(38) 8.130.08(12) 7.580.04(3) 7.6@0.07(5) 7.550.07 (19)
18 16582 8.230.09(16) 8.230.08(39} 8.79:0.07 (44) 8.050.09(12) 7.540.05(4) 7.5@0.05(5) 7.5&0.10(27)
19 34816 8.380.05(10) 7.8:0.15(29) 8.740.09(35) 8.180.05( 8) 7.60 (1) 7.540.06(5) 7.540.07( 8)
20 160762 8.490.07(13) 7.820.12(39) 8.880.09(29) 8.080.07(13) 7.560.06(4) 7.5%0.05(4) 7.5%0.08(22)

Notes. Uncertainties represent the line-to-line scatter. The lwemof lines analysed per elemgtar is given in bracket$? Excluded from the
discussion in Table 9 and Fig. 12. See Sect. 5.2 for detfiikdopted from PNBOS.

where Mg, is expressed in units d¥l, the Eddington flux at
the efective wavelength of th¥ filter H, in ergcnt?s Hz™!  the helium abundances. Helium is the second most abundant el
(derived here from the Aas9 models),Vy in mag and logy in  ment and therefore cannot be treated as a trace elemengehan
cgs units. The formula uses a flux calibration of Vega accorih its abundance modify the mean molecular weight of the at-
ing to Heber et al. (1984). The most crucial input quantity imospheric plasma and thus cateat the atmospheric structure
the distance determination is the surface gravity. Thimepg noticeably. However, the comparison of the observed with th

a possibility to independently verify our lggdetermination via computed spectra showed that the sample stars are indeled wel
comparison of the spectroscopic witlebArcos distances as de- described by a (protosolasfHe)=10.99:0.05 (except for ob-
rived from parallaxeg from the new reduction of theibbarcos  ject 4, with a — still compatible (He)= 10.94+0.05).

catalogue (van Leeuwen 2007), see Fig. 6. Lutz-Kelker cerre  The metal abundances show a small scatter around the av-
tions (Lutz & Kelker 1973; Smith 2003) have not been adoptetage sample abundances, which is visualised later, in1Rig.

to refine the hbparcos parallaxes, as they should not be appliegthe only peculiarities are enhanced nitrogen abundancssin

to measurements afidividual stars (van Leeuwen 2007, p. 87)eral sample stars, which can be understood in the framework o
Their pOtentlal |mpa_.Ct IS.neve_rthe.leSS rather small foment mixing of CN_Cyded material into the a’[mospheric |ayer8e(s
sample stars, as visualised in Fig. 6. Overall, good agraeme g. pPrzybilla et al. 2010). The silicon abundance in objeist

of the spectroscopic andukiarcos distances is found within aiso conspicuously low, which may be an indicator for the on-
the uncertainties, except for the objects 9, 18 and 20, whi&t of chemical dferentiation in the otherwise normal star. We
however, are still within the 3 limits. An apparent systematic decided to discard these peculiarities from further ariglys

trend Olf mcreasm(i; tff]ile:r_en(éedbspec— drip with .|nc|reahsmg d||s- The most relevant sources of systematic uncertaintiesein th
E)abnggt(z;\’?; 5%?2 grdelg. ié tﬁce:orrenersesrgziiorﬁllri]r?e\i/\; en or;%/_ o'aﬁemigal abundanceg thqt arise from the spectral quelling
ibIJe wi:[h sio e an dgﬁset z’er.o. 9 tioanp anaIyS|s_ and ob_servatlons in our approach have aIreadmer}

P : cussed in a series of papers. We refer to the work summarised
in Table 3 for estimates offiects and systematics due to un-
certainties in the atomic input data. Systematics due técbas
model atmosphere input physics were investigated in pdatic
Metal abundances of the sample stars are summarised inflabley NP07 and NS11, while systematics due to details of arglysi
where also the standard deviation from the line-to-lingteca Strategies were discussed by Nieva (2007) and Nieva & Pltaybi
and the number of analysed lines are indicated. The valges &010a,b).
averages over all lines of a given species, giving each tirike Since our observational material leaves little room forasbs
different ions equal weight. A precision of the results of bettgational bias we concentrate here only in quantifying the sy
than 25% is indicated typically. The individual line abundas tematic défects on chemical abundances as introduced by un-
are listed in Table 7 (available online only), where furttetails certainties in the stellar parameters. We exemplify tects
on the line formation calculations are also given: centravev of independent fective temperature, surface gravity and mi-
lengthsa of the spectral lines, excitation energy of the lowecroturbulence variations on oxygen and silicon abundaftbes
level y, oscillator strengths logf and the accuracy and sourcanost sensitive among the elements in this parameter range) f
of the oscillator strengths. the star #7 (HD 886y Peg) in Table 8. Two cases are investi-

We deviated from the above procedure for the derivation of

5.2. Chemical abundances
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gated, for our and also for typical values in the literatiNete any significant systematics from our analysis. We thus cempl
that this case represents our largest relative uncertainfyy, ment the probably most comprehensive benchmark test fler ste
one of the largest in¢/¢, and typical uncertainty in log, such lar atmosphere modelling of OB stars to date by Marcolind.et a
that the example constrains theaximumsystematic ffects ex- (2009, at about the upp@kg-boundary of the present work).
pected for our sample stars. As correlations exist betw@en p  The locations of numerous spectral lines that are considere
rameters — e.g. a highdig implies a higher log in analyses in our line-formation computations are indicated in the epp
— the true systematic uncertainties are hard to quantifyein dparts of the individual panels in Figs. 8a—11e in order tdifate
tail. Based on the given example and previous experience weevaluation of their presenfadsence for a given set of stellar
estimate systematic uncertainties of the elemental amoesdan parameter. These include many more features (also from ad-
our sample stars, accounting for all factors, to be abo&@ek ditional chemical species) than those analysed quanttgtin
at maximum, with the majority being accurate to within bettehe present work (the latter are marked in the lower partaef t
than about 0.10 dex. In comparison the systematics duellarstepanels). We thereby show that even complex blend featues i
parameter variations for typical uncertainties from theréiture e.g. around He14120 A or around @/Cm 14650 A can be re-
are much higher (Table 8), amounting to a fact@rin individ- produced well.
ual cases. Usually, uncertaintiesTigy are the most critical, but There are still some residual minor shortcomings. As can be
note the high sensitivity of the (rather strong) siliconetinto seen from the comparison of observation with theory the con-
microturbulence variations. ) tinuum normalisation could be improved globally. Howewvee,
A test for residual systematics can be made by searchiRg e corrected for this by adjusting the continuum localhew
for trends among the elemental abundances as a functior ofg{5\ysing individual wavelength regions, such that thisiidoe
mospheric parameters. Figure 7 (available online onlyjleies  rather a cosmetic improvement. Our compromise to fit the five
metal abundances from the present work and from nine adgisplayed Balmer lines, Hto He, results in a slight mismatch
tional Orion OB1 stars of NS11 (analysed in the same manng{)some of the Balmer lineiingsbecause of the imperfect nor-
as a function ofTer and logg. All data points cluster tightly majisation, but the féect is well within the uncertainties of the
around the average sample values and the respeatva&Tdr |oqq-determination. Theoresof the Balmer lines for the hot
margins (see Table 9), except for the few cases discussket earstar  Sco (and just visible in HR 1861) are not matched well
mostly for nitrogen. No significant trends either with; orlogg  pecause non-LTEfects on the atmospheric structure are likely
are found. _ _to affect the outer photosphere, i.e. the core-formation region
Finally, we want to briefly comment on several potentigly the strongest lines, gradually with increasing tempeea
sources of systematic uncertainties due to non-stand@u in\oreover, Hr is expected to be influenced by the weak stellar
physics in the context of model atmospheres. Potential Wegjhd, which is unaccounted for by our hydrostatic modelling

stellar winds present have a negligibldeet on the photo- The ynavailability of realistic broadening data is an iséue
spheric line spectrum, as théects of the velocity field on the ¢4 4 jines e.g. for HE13926 A,

atmospheric stratification become noticeable only outside

line-formation region. Wind variability by larger amourttsan Table 3 and some elemefits1s are still not incorporated in our

- 8 i - in- .
the mass loss-rates &l 10 M, typical _for B-type main non-LTE spectral synthesis. On the other hand, we havedediu
sequence stars has nfiexts on the metal line spectrum in su-

pergiants (e.g. Schiller_& Przybilla 2008). Systematieets on _Al I]ftloinectl aSII. I/(TQIQGSZi g ?)E:Aiﬂggsétztﬁ??gg%)wgggé ;}\(g‘w 3 of
e aburdance analss e 0 e presence of madnet )l uming soar abundances of Aspund st . (2000 Hovever
magnetic field,3 Cep (Henrichs et al. 2000).Cas (Neiner et We do not consider these_ elements for the analysis as several
al. 2003) andr Sco (Donati et al 2006) o d,ate none of thesshortcommgs have been identified in the model atoms. In con-

: ; ; : ) ’ §equence, not all of the computed lines of these two elements
shows observational evidence for abundance spots or &kert

chemical stratification '&ivg a gooql match to the observed spectra. A thoro_ugh verifi-
' cation and improvement of the model atoms for aluminium and

sulphur is beyond the scope of the present paper, as is the inc

5.3. Global spectrum synthesis sion of the missing lines from other chemical species. Wé wil

. . o ) report on our &orts for achieving completion of the non-LTE
Stellar parameters in Table 5 in combination with averag%ﬁectrum synthesis in forthcoming papers.

chemical abundances in Table 6 were used to compute global
synthetic spectra to visualize the quality of the analysace-

dure. Overall, excellent agreement is found for all starsrov ;
the entire observed spectral regions. Examples for fous stg' Present-day cosmic abundances

with spectral types B3Il (#15 HD 209008, 18 Peg), B2 IV (#7rhe high degree of chemical homogeneity of the sample stars
HD 886,y Peg), B1V (#1, HD 36591, HR 1861) and BO.2V (#§Table 6) encourages us to identify the average abundances
HD 149438 Sco) are shown in Figs. 8a—11e (available onlinelith the long-soughtosmic abundance standaf@AS) for the

It is worth to notice that it is relatively simple to achieveyresent-day chemical composition of the cosmic matter én th
reasonable fits of models to lower resolution spectra and dablar neighbourhood. As statistical significance doesenér
at lower 3N over limited wavelength regions, i.e. whenever theych a claim, we seek to compensate for the seven stars that
observational details tend to be washed out. High-resl#nd were removed from our initial sample in order to avoid obser-

high-SN observations spanning a large wavelength range afgional biases. We therefore adopt abundance data fori9 add
much more challenging to be reproduced with synthetic spec-

tra based on physical models at once. This is feasible oteif 12 yore  comprehensive line identifications for early B-type
models match the global physics (i.e. the atmospherictstre)c stars are provided e.g. by Kilian et al. (1991) for the optica
and details of individual features (i.e. the lines) equaWgll. blue spectral region, or by Gummersbach & Kaufer, online via
We consider our success as a strong support for the absencetep: //www.1lsw.uni-heidelberg.de/cgi-bin/websynspec.cgi

Several (high-excitation) spectral lines of the elemeramf
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Fig. 12. Abundance distributions for the astrophysically mostvaie chemical species as derived from early B-type stafsarstlar neighbour-
hood. Red histograms: present work, establishing the apamindance standard. Black histograms: literature datstoBpheric and protosolar
abundances from AGSSO09 are also indicated, the bars regiresthe range spanned by théo-uncertainties. See Sect. 6 for details.

tional early B-type stars from the Ori OB1 associatofiNS11), This finding of homogeneity is in analogy to PNB08, but
which were derived using the same models and analysis teoh-a statistically much more significant basis and correfded
niques as applied here. The stars meet the same obserVatenalight systematics in the iron abundances (see Sect. 3hE). T
lection criteria (-iv in Sect. 2.1) as our core sample. The specteame degree of chemical homogeneity is recovered as for the
were obtained with s on the 2.5m Nordic Optical Telescopegas-phasef the difuse ISM out to distances of 1.5kpc from
(La Palma), covering the wavelength range of 3700—7300 A thie Sun (Sofia & Meyer 2001), see also Table 9, thouglewint
R=46 000 and5/N > 250 (Simbn-Diaz 2010). absolute abundance values for many elements are founddeecau
Distribution functions for the individual elemental abunof depletion onto dust grains (see Sect. 7.3).
dances in the star sample are displayed in Fig. 12 (red his- However, the finding is at odds with practically all previous
tograms). The data are normalised by the number of samplerk on early B-type stars in the solar neighbourhood. We con
members, with the maximum value set to 1. The bin width gentrate on literature data from homogeneously analysed sa
chosen as the standard deviation of the individual distisbs. ples of more than 10 stars for the comparison with the present
Note that only 20 stars are considered in the histograms forwork, as a comprehensive review of all available data is bedyo
— the atmospheres of nine stars are mixed with CN-procesélé scope of this paper. Therefore, abundances from the stud
material — and 28 for Si — one star is Si peculiar — as we ags of Kilian (1992, 1994), Gies & Lambert (1992) — exclud-
interested in theoristine abundances for constraining the CASng bright giants and supergiants —, Cunha & Lambert (1994),
(see Table 6 for an identification of the data removed from ttigaflon et al. (1999, 2001a,b, 2003), Cunha et al. (2006), More
discussion here). & Butler (2008) and Lyubimkov et al. (2004, 2005) are adopted
Very tight distributions are found, described by a standaggsentially applying the same distance cut as in our saralge-s
deviation of typically~10%. Mean abundances together with théion. These abundances were derived from high-resolutieo-s
standard deviations (of the sample) are given in Table 9¢hvhitra using comparable non-LTE techniques as utilised héve: e
summarises also data on present-day abundances in the gbeir hybrid non-LTE or full non-LTE modelling under consid-
neighbourhood from other object classes, and the Sun. iepul eration of metal line blanketing. The only exception areniro
mass fractions for hydrogeiX), helium (Y) and the metalsZ) abundances, which were determined in LTE in these studies.
are indicated in Table 10. In addition to the metals inveséig The combined distribution functiotfsfor the individual elemen-
here — which cover the most abundant ones in the cosmos —, dat@bundances from the literature are also displayed in¥lg
for all other metals up to zinc was considered for constrgini (black histograms). Much broader distributions are intdida
Z, using solar meteoritic values of Asplund et al. (2009) eptc With typical standard deviations of about 0.2dex. This ia@ f
for chlorine and argon, where abundances from the Orionlaebtor ~5 larger than in the present wordtespite our sample is a
were adopted (Esteban et al. 2004). Any deviations of this auepresentative sub-set of the previously investigateds stee
iliary data from the ‘true’ cosmic values will be absorbedthy Sect. 2.1.
error margins o¥ due to their small contribution. It is extremely dificult to trace the discrepancies in stellar
parameters and elemental abundances of individual stams fr
13 Four other stars are in common with the present work: HD 35299
HD 36512, HD 36591 and HD 36960. The stellar parameters ama-ab 4 Note that many stars were subject to two or more of these awep
dances of NS11 as derived fronefspectra agree very well with the dent investigations. No attempt is made to single out thases: each
present data, providing another independent consistédragkc analysis is considered with equal weight in the histograms.
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Table 9. Chemical composition of €fierent object classes in the solar neighbourhood.

Cosmic Standard Orion nebula Young ISM Sun
Elem. B stars — this wofk Gas Dust F&G star§ Gas Dust GS98 AGSS09 CLSFB10
He 10.920.01 e 10.9880.00F e e e . 10.920.01
C 8.33:0.04 21420 8.3%0.0F ~0 8.55:0.10 7.960.0F 123+23 8.52:0.06 8.430.05 8.5@:0.06
N 7.79:0.04 626 7.73:0.09 ... 1.720.03 07 7.92:0.06 7.830.05 7.860.12
O 8.76:0.05 57566 8.6%:0.0F 12873 8.65:0.15 8.53.0.01 186+£67 8.83:0.06 8.620.05 8.760.07
Ne 8.09:0.05 12314 8.05%:0.0F 8.080.06 7.930.10
Mg 7.56+0.05 36.34.2 6.50° 33.1+4.2: 7.630.17 6.120.02 34.8:4.2 7.580.05 7.6@0.04
Si 7.50:0.05 31.6:3.6 6.56:0.25 28.44.3 7.60.14 6.3530.03 29.4:3.6 7.55%0.05 7.5130.03 ..
Fe 7.52:0.03 33.1:2.3 6.0:0.F 32.1+25 7.450.12 5.4%0.04 32.9:2.3 7.5@:0.05 7.5@0.04 7.520.06

Notes. @ Including nine stars from Orion (NS11), in units of log(H) + 12/atoms per 10H nuclei — computed from average star abundances
(mean values over all individual lingser elementequal weight per line), the uncertainty is the standardatien; ® Esteban et al. (2004);

© Simé6n-Diaz & Stasifska (2011¥ difference between the cosmic standard and Orion nebula gas-pbandances, in units of atoms per
10° H nuclei; @ Sofia & Meyer (2001){" value determined from strong-line transitions (Sofia eR@lL1), which is compatible with data from
the analysis of the [@] 158um emission (Dwek et al. 1997). Weak-line studies af]@2325 A indicate a higher gas-phase abunda{e =
8.11+0.07 (Sofia 2004), which corresponds ta:28 ppm of carbon locked up in dust, Meyer et al. (1997), corrected accordingly to Jensen et
al. (2007);" Cartledge et al. (2004¥} Cartledge et al. (2006). The uncertainty in the ISM gas-plamindances is the standard error of the mean;
() difference between the cosmic standard and ISM gas-phase abaadn units of atoms per 461 nuclei; ® photospheric values of Grevesse
& Sauval (1998, GS98), Asplund et al. (2009, AGSS09) anfiaDeet al. (2010, CLSFG10).

Table 10. Mass fractions for hydrogen, helium and metals. ations.Technically, the fact that a larger number of B-stars is
Cosmic Standard Sun — photospheric values considered for the determination of the CAS — in contrasti® o
B stars — this work GS98 AGSS09 CLSFBio  Star defining the solar standard —, means that the unceiitsint
e 0710 0.735 07381 07301 of the CAS-values can be expressed via the respective sthnda
Y 0.276 0.248 0.2485 0.2526 error of the mean, which amounts to 0.01 dex for all metald-stu
Z 0.014:0.002 0.017 0.0134 0.0153 ied here However, we prefer to assign the standard deviation of

the sample asonservativeerror margins for the CAS.

In our quest to reduce systematic errors to a minimum we

thueal\i/a”gfutiéngszg?\?;t?onnsél%ﬁéﬁgﬁﬁ:ﬂiﬁ;g&fg&fhecannot ignore possible bias introduced by other factons she-
quality LS T giEs lar atmospheres alone. When considering an extended region
lar parameter determination, the choice of analysed lities, (J('f

input atomic data, the computer codes and assumptions ase e the solar neighbourhood (in our definition)fects from

: ' ; alactic chemical evolution may also come into play. Thespre
the modellmg,_am_ong many other detal_ls thﬂeﬂ_from stuc!y to ence of Galactic abundance gradients implies a decreasetaf m
study. A combination of several factors is most likely rasgible

) . X ; .~ _abundances with increasing Galactocentric radius. Tdywiis,
for t_he gﬂscrep_anmes. We do not aim at resolving thes_eeahlscrwe checked for correlations of the stellar abundances igh t
ancies in detail case by case as little can be learned in tefm

the objective of the present work. Moreover, the overaltye %patlal positions of the stars. An example for oxygen is shiow

can actually be understood rather well from some basic densFig' 13. No correlations are found, neither with Galactaden
erations y distance nor with distance from the Galactic plane. We caiel

L . . .. _.that signatures of Galactic chemical evolution are ingigant
oo Soundance deteminaln uSng a metnod it i scles o 5007, providing 1o is 10 the CAS o th eve
persion than the true one. Broad distributions like thosevee ot precision achieved with our analysis methodology.
from the literature dataan result from underlying tight distri- In summary, it emerges from our previous discussion that the
butions. Actually, the finding of such broad distributios®k- drastic reduction of many systematic uncertainties in oafya
pectedgiven that the statisticalbtuncertainties in the literature sis procedure is the key for understanding the derived sl
data alone can amount to 0.2 to 0.3 dex and systematic ungesrsion in the elemental abundances of the sample starthéor
tainties result in shifts of the derived abundance distiims of first time the true abundance distributions of the youndastel
the individual studies relative to each other (see Fig. 2B88 population in our Galactic vicinity are approximated, whap-
for a visualisation). A full spread of the literature dat@o® dex pear intrinsically tight. At the same time, the overall niatf
and a shift in mean abundances is therefore hardly surgrisin a large number of independent observational constraimt$ren
Finally, Fig. 12 allows also a comparison of the abundanseccessful passing of numerous tests for remaining biagss p
distributions for the B-stars with the solar standard to lzalen confidence in the accuracy of the results. This allows anrateu
Photospheric abundances of Asplund et al. (2009) are ctasseand precise cosmic abundance standard to be establishex-We
arepresentative for the type of data that is typically addjt all  pect that the true abundance distributions for our B-stanpda
kinds of astrophysical literature, and protosolar valuesifthe will be in fact tighter than derived here because they argestib
same source as a representative for the bulk compositidreof to analysis with a methodology of finite precision. Therefor
Sun (correcting for &0.04 dex depletion of the photosphere dueur study gives only a upper limit on the true degree of chem-
to diffusion). Interestingly, similarities are found for some-eldcal homogeneity of the present-day cosmic matter in tharsol
ments and dferences for others, which will be discussed furthereighbourhoodGiven the current state of input physics for the
in Sect. 7.5. Note that theotuncertainties of the solar abun-models, it will be highly costly to improve the analysis imtery
dances are about the same as the B-star sample standard dewa-degree where much tighter constraints can be achieved.
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Fig. 13. Spatial distribution of oxygen abundances in the sampls sta@ssuming initial CAS abundances (red star) and solar aised#) of
in analogy to Fig. 1. Open circles represent objects from NJhe Asplund etal. (2009) are indicated by the long-dashed attédines,

symbol size encodes the abundance according to the figuredeg respectively. Statistical uncertainties of 0.2 dex in eglelment — which
are typical for previous literature data — result in an ebams more than

twice as large than those from the present data.

7. Implications
] ] ) S al. 2010), regardless of the mass, initial velocity or otmedel
In the following we want to investigate what implicationgthse getails.

has on various astrophysical fields. We concentrate on thaét nine objects from NS11) facilitates the predicted trendeaés
of our sample data and the resulting CAS values for the evoltbyered for a statistically significant sample for the fiiste,
tion of massive stars, for ISM science and for Galactic cleami see Fig. 14. Most of our objects cluster around the pristiA8 C
evolution. Finally, we briefly comment on the origin of therSuyajyes, i.e. they are unmixed, while aboy8 of the stars show a
and its relation to its present Galactic neighbourhood. mixing signature of varying magnitude, following the preteid
nuclear path with d(fC)/d(N/O)=4.6 (for initial CAS abun-
dances) tightly. Stellar evolution models based e.g. orstiter
values by AGSS09 would predict afiirent nuclear path (with
The initial chemical composition has a profound influencénen slope~3.0) despite a rather similar bulk metallicity.
structure and evolution of stars because of ffs@ on opacities The large scatter found by previous non-LTE analyses of
and mean molecular weight. We have addressed fiieeteof a early B-type stars in the solar neighbourhood (many objges
metallicity reduced from the so far canonical valiie= 0.02 to  in common with our sample) and additionally in three Gatacti
Zcas=0.014 in the discussion of Fig. 5. The shift of the ZAMSlusters is also likely a consequence of the lower accurady a
towards higher gravities will also be accompanied by a sffift precision achieved in these studies, as argued in Sect. §t Mo
the evolution tracks towards higheffective temperatures. But, data points are in fact consistent with the predictions bseaf
would there be a significantfect if the CAS or modern solar the larger error bars, but they are of limited use for tesstegar
abundances at about the safhésee Table 10) were used? Inevolution modelstringently
terms of the position of the tracks in the Hertzsprung-Riisse Further consequences of the use dffedient individual abun-
diagram — probably not; however, in terms of observableensac dances will be modified yields. As these are key input for
for rotational mixing, certainly yes. Galactic chemical evolution models, they have to be detethi
Energy production in massive stars is governed by tf@ realistically as possible.
CNO cycles throughout most of their lifetime and the nuclear
processed material may reach their surface layers throoigh
tational mixing already during their main sequence phasg (e
Maeder & Meynet 2000; Heger & Langer 2000), opening up ferom studies of interstellar absorption lines of the cold s
very powerful diagnostic to test models of stellar evolatibhe known for a long time that the local ISM out to 1.5kpc from
changes of the CNO surface abundances reflect the actionshef Sun is chemically homogeneous, to the 10%-level (Sofia &
the dominating CN-cycle initially, following a well-defidenu- Meyer 2001). This can be understood as a natural consequence
clear path. This can be analytically approximated by agfitai of turbulent mixing acting on all scales, which is due to tugé
line in the diagnostic fC—N/O-diagram (see Fig. 14), with adensity variations of the gas, generated by a complex ictiera
slope defined solely by the initial CNO abundances (Przyktl of many factors like momentum injection by stellar winds and

7.1. Stellar evolution: the initial chemical composition

¥.2. chemical homogeneity: early B-type stars vs. ISM
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AT C e e i 7.3. Dust composition of the local ISM
2o 7 An important open question in our understanding of the ISM is
~ dust depletion ] the chemical composition of the dust particles. The amofint o
e ror 7 metals incorporated into dust cannot be derived directiynfr
N i 1 observations. Only an indirect determination is feasibiem
3 08 7 the comparison of the ISM gas-phase abundances and a suitabl
S r ] reference that is uréected by depletion onto dust grains. There
- 0.6 7 is an ongoing debate which kind of objects provide the refege
IS A ] suited best for the comparison: young B-type stars, younG+&
E 04r g type stars, or the Sun (Sofia & Meyer 2001).
s i | We argue here that the CAS values as established from the
=02 : E analysis of early B-type stars provide the long-soughtesfee,

oof . . . f N unprecedented in precision and accuracy. Most notableats th

892 84 8.6 88 90 the same degree of chemical homogeneity is found for both,

log O/H + 12 the CAS reference and the gas-phase abundances offfbeedi
ISM (see Table 9). The abundance distributions are verytaimi
see Fig. 15 for the example of oxygen (the gas-phase abuadanc
distribution is based on 37 filuse sightlines of Cartledge et al.
2004). From this it follows immediately that the dust-phase
chemically also rather homogeneous, what can be expected if
mixing processes are highlyfeient within the ISM (Sect. 7.2).

We derive a similar chemical composition for the dust grains
as PNBO08, but at much higher statistical significance and wit

oo 3 : : two exceptions (see Table 9). The Fe abundance is higheodue t
supernova shocks, magnetic fields and self-gravity. Thieate the identification and removal of residual systematics élittne-

investigations of metal abundance fluctuations in the ISMeha . X
until recently been based on order of magnitude arguments gﬂrmatlon computations for that element (Sect. 3.1). Fobea,

volving characteristic spatial scales and timescales #&pious a recent_lr_wesUgatlon b_y Sofia et al. (2011) raises douligtab
turbulent mixing processes, see e.g. Roy & Kunth (1995), affiff Precision of weak-line analyses based on thi 22325A
Scalo & Elmegreen (2004) for a review. More recently, sojphis transition (see Sofia (2004) for a discussion), possibbteel to
cated 3D (magneto-)hydrodynamic simulations of the losa | & systematically underestimated oscillator strength.wieefore
at high resolution (e.g. de Avillez & Breitschwerdt 2007 psu adopt a mean abundance from five sightlines of the strorg-lin

port the view of an Sicient mixing of metals at wide ranges ofanalysis of Sofia et al. (2011), which is compatible with data
scales, driven by turbulence. from the [Cu] 1158um line by Dwek et al. (1997).

Overall, the results indicate a silica&ide-rich and rela-
i%ly carbon-poor composition for the local ISM gas phdge.
articular, the CAS provides flicient oxygen to sustain the val-
es required by magnesium, silicon and iron to be locked up
y vast majority in silicates (plus a small fraction in metat
es) in the difuse ISM. Using a reasonable dust composition
(Draine 2003) this amounts to about 140-150ppm of oxygen
for the given abundances of the refractory elements in tisg du

good agreement with the observed value (Table 9), withesom
pendent/e_rlflcatlon of the res_ults from investigations of the ISV\&?EQL?Q?L\%%?EB% %ﬁkﬂ%g?&%@%@ﬁg;% gsrgi}r? ?f;((:a gﬁggg%u
gas is achieved for the first time. Despite a higher abundance of carbon is found in the dust-in ab

The huge advantage of studying early-type stars is that t§6lute terms relative to PNBO08, this falls still somewhatrsh
entire metal content can be determined using quantitative spefithe demands of most dust models, see e.g. the discussions b
troscopy, with no material hidden in an observationallyco®s- Snow & Witt (1995) and Zubko et al. (2004).
sible reservoir like the dust-phase in the ISM. This openthep  Finally, we want to comment on the cosmic abundance stan-
possibility to determine the chemical composition of thetdn  qard in the context of gas- and dust-phase abundances in the
an indirect way, see the next sub-section. Orion nebula. Further information for the general pictuas c

Moreover, our results put constraints on the injection arfie gained under the — not unlikely — assumption that the Orion
mixing timescales of metals in the local Galactic ISM, arer¢éh  giant molecular cloud formed out of material typical for tié
fore on the hydrodynamics of the ISM. It appears that fresh nfuse ISM, with subsequent chemical processing taking place
cleosynthesis products from supernovae and AGB (superdpvi the cloud core.
or infall of pristine material onto the Galactic disk are ikaly A comparison of the CAS with gas-phase abundances
to lead to a noticeable (at the level of the present abundadgce (Esteban et al. 2004; Simbén-Diaz & Stasinhska 2011) iegthat
termination precision) local enrichment or depletion inighh the Hu region is devoid of carbonaceous dutom observa-
metallicity environment like the solar neighbourhood ower tions of the photodissociation region in the Orion nebulss it
timescale of several 1§r. Or, in other words, the interactionknown that polycyclic aromatic hydrocarbons (PAHs) diszap
of hydrodynamic mixing on the one hand and viscosity arak the gas becomesionized (e.g. Tielens 2008). Our resydtg i
molecular difusion on the other is highlyficient, such that the that photoevaporatiorfi@cts all carbon-bearing dust particles in
medium is homogenised quickly. a similar manner, indicating théttle carbon was incorporated

Fig. 15. Comparison of the stellar O abundance distribution as edriv
in the present work (red histogram) with gas-phase aburdaalong
different sightlines of the ffuse ISM (thin blue histogram, Cartledge
et al. 2004), in analogy to Fig. 12. Mean abundances areatetic

The young stars in the solar neighbourhood are expecteq
follow the chemical characteristics of the matter from viticey
were formed. Indeed, the present study shows that, indep\encﬁ
of the location of the sample stars in the solar neighboutho
(see Fig. 13) — whether they reside in OB associations ordn
field —, and also independent of their mas$ to 20 M,) and
hence their life-time+{5x10’ to 5x10P yr, respectively), all stars
show practically the same chemical composition. The fluctu
tions around the mean arel0%, and probably less. Thisde-
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Fig. 16. Observational constraints on the chemical evolution ob@#&t CNO abundances: abundance ratios Ig@f@nd log (MO) vs. O abun-
dance Left panelsblack triangles: early B-stars from the literature exteddfrom Fig. 12. Data for low-mass stars are displayed asgmabols
(green in the online edition) — squares: Gustafsson et@91solar-type dwarfs); crosses: Fabbian et al. (2008r4gbe dwarfs and subgiants);
diamonds: Spite et al. (2005, unmixed cool giants); plusssitsraelian et al. (2004, unevolved solar-type stardar@dundance ratios of Asplund
et al. (2009) are also indicated)( Right panelsblack dots: unmixed objects from the present work, blackes: unmixed stars from NS11. Data
from the literature like in the left panels. The CAS is alsdigated (red star). Error bars (statistical-lincertainties) typical for individual stars
in the present study are shown.

initially in graphite (the most stable form of carbon under indamped Ly (DLAS) systems allow the cosmic enrichment his-
terstellar conditions), in line with the findings of Amari & tory to be traced and the specific production sites of indiald
(1990) from laboratory studies of meteorites. Also, amorgh elements to be constrained. The CAS provides valuable input
carbon dust grairl8 are either &iciently destroyed inside the for the comparison of models with observations, as it marks t
ionized region, or they were a minority species initiallyweall.  present-day endpoint of galactochemical evolutiarparticular
On the other hand, there is only weak evidence for the destrdior a typical spiral galaxy like the Milky Way. We put CAS val-
tion of silicate grains from the numbers in Table 9 — the abunes into the context of the evolution of the five most impadrtan
dances of oxygen and of the refractory elements in the Oriochemical species, the light elements CNO, magnesium as a typ
nebula dust-phase are compatible with the ISM dust datarwitlical tracer of thex-process in core-collapse supernovae and iron
the (large) error bars. Unfortunately, a more direct vatfan as tracer of iron-peak nucleosynthesis in supernovae eflgp
of the carbon-poorness of dust within theilegion via e.g. the  Observational constraints on the interlinked evolution of
extinction properties is complicated, as most of the extimc CNO are displayed in Fig. 16. Abundances from early B-type
towards Orion occurs in the neutral medium surrounding the Hstars are compared to data from solar-type stars in the Galac
gas (Baldwin et al. 1991). thin and thick disk, and in the halo. Typical statistical aec
The combined evidence from abundances in the ISM asiks for abundances in solar-type stars a@e05-0.10dex for
in the Orion Hu region indicates thadlust models considering LTE analyses, similar to the present work. Note, howeve, th
silicates, PAHSs, organic refractory material and possiatyor- systematic uncertainties due to non-LTE and 3Rets (and ad-
phous carbon, but not graphite, should be investigated madéiionally due to the presence of magnetic field and stelkkar a
closely Models in analogy to the COMP-NC-type or COMP+ivity /chromospheres) can be substantial for solar-type stairs, bu
AC-type models of Zubko et al. (2004) look highly promisingire not understood comprehensively at préSefithe compar-
for future studies in view of abundance demands and the abi#en of literature data for the B-stars in the left panels and
ity to match other observational constraints like extictand data in the right panels shows once more which improvements
emission properties of the dust. We are confident that tfre tign the precision and accuracy of the analyses were achieved.

observational constraints provided by the CAS will faaiit a In terms of the investigation of the cosmic chemical evolu-
better understanding of the nature of dust and grain strei¢tu tjon the current focus of studies in the literature lies anéfrly
be developed. phases at low metallicity. The interpretation of the datmes

from the comparison with Galactic chemical evolution (GCE)
models, which have to match the present-day composition as
a boundary condition. It is therefore important for the enti
Nucleosynthesis in successive generations of stars hahedr modelling which reference values are used, solar or CAS-abun
the cosmic matter with heavy elements ever since the fidances. In particulartheftiérences in the © ratio are apprecia-
Population 11l stars were born. Studies of various objeis |

(Galactic and extragalactic) stars and kegions, or the ISM in 16 Approximate corrections for suchffects may e.g. reproduce the
upturn in the @O ratio at low O as indicated by the (non-LTE) data of
15 Amorphous carbon is considered the predominant grain materFabbian et al. (2009) also in the data of Spite et al. (2006)véver, we
produced by C-type asymptotic giant branch stars, the nmairce of prefer to display uncorrected values, as these are likehgmaalistic in
carbonaceous dust (e.g. Wallerstein & Knapp 1998). view of more recent investigations (M. Spite, priv. comm.).

7.4. Galactochemical evolution: present-day abundances
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Fig. 17. Evolution of Galactier-process vs. iron-group elements: log (#4g) as a function of Fe abundance. Literature data on sgerdtars are
displayed as grey symbols (green online) — squares: Fulmii®98, 2004); triangles: Edvardsson et al. (1993). Aleolymbols as in Fig. 16.

ble, also with respect to the majority of nearby solar-tyfaess 4.56 Gyr old solar matter and the present-day material isLits
amounting to almost 50%. Taken at face value thifedénce in- roundings. In other words, the question is whether the midise
dicates that the © enrichment of the ISM in the present-dayve see in the nearby new-born stars, as represented inyartic
solar neighbourhood occurred slower than at the Sun’s ghceby the early B-type stars, and in the local ISM has chemically
birth (see Sect. 7.5). No such conclusions could be drawm frevolved from the matter that was around at the birth of the Sun
the available literature data on early B-type stars so far. The existence of such a relationship is a strong assumpaion f
Note that the Sun may be viewed as an extreme but stiflost previous and current GCE modelfihg
compatible case in terms of the distribution of the starsnfro  Unfortunately, the birth-place of the Sun is unknown and
the present sample in the log O-log3Cdiagram, but the ab- tracing its orbit back is a highly complex task. Passages nea
solute values for the carbon abundand@edisignificantly. The other stars or molecular clouds, which are a stochasticgsmc
solar and CAS data on/® are rather compatible on the otheand dynamical interactions with spiral arms prevent a girai
hand. A systematic investigation of nitrogen abundancbgin- forward integration of the Sun’s orbit in the Galactic pdtah
metallicity solar-type stars would be desirable for furthem- backward in time from being successful. Improvements in our
parisons. detailed understanding of the relevant processieting the
The occurrence af-enhancementin the old stars of the halmotions of stars will certainly result from the Gaia missian
and of the thick disk, Fig. 17, is well understood in terms dhe future. But for the moment, we can rely only on a statibtic
the diferent evolution timescales of supernovae of type la aagproach, using the theoretical framework of Galactic dyna
Il. The CAS MgFe-ratio is compatible with the data from thecs and kinematics (e.g. Wielen et al. 1996; Sellwood & Binne
Sun and from nearby solar-type stars, though it is somewl2§02) that predict that old stars like the Sun are able to aégr
low. Metal-poor objects among the solar-type stars ardyeasi  up to several kiloparsecs radially through the Galactik diger
plained by their large lifetimes. However, metal-rich stare their lifetime. Itis therefore possible that the Sun wastaway
absent among the young stars from the present sample, wifign the present solar circle. Chemical abundances caridaov
they are common among the solar-type stars. Finding a reasatuable additional constraints.
for this is not straightforward in terms of standard GCE @het  The radial migration of stars within the Galaxy has been in-
licity is supposed to increase in time), but see the disonssi corporated in Galactic chemical evolution calculations tfee
Sect. 7.5 related to radial migration. Again, data on eartyfie  first time by Schonrich & Binney (2009). This kind of models
stars from the literature were inconclusive in these terms.  constitutes a more realistic theoretical frame that coeldi¥ed
Overall, it is astonishing how fierent and at the same timeto refine the previous estimations (e.g. Wielen et al. 1996) o
how similar the young and old star populations in the solélne solar place of origin. It is important, though, to beamimd
neighbourhood are. It is for the first time that this is elatted, that details in the model input like e.g. the adoption dfegient
as the lack of high precision and accuracy in many previaugs st yields or abundance gradients along the Galactic disk mag ha
ies of early B-type stars prevented any meaningful conahssi a non-negligible ect in such estimations (R. Schonrich, priv.
to be drawn. comm.). The required systematic studies are beyond theescop
In addition, reference abundances are not only of interestaf the present paper, but we can provide some qualitativie-eva
terms of the temporal evolution of elemental abundances, t&iion, which is illustrated by Table 11.
also for the spatial distribution, in particular for thegrpretation In order to make a meaningful comparison of metal abun-
of Galactic abundance gradients. The current sample issgst udances in terms of Galactic chemical evolution, CAS valwesin
ful for deriving abundance gradients per se because of tladl snto be compared to the bulk composition of the Sun (i.e. proto-
baseline spread in terms of Galactocentric radius (abdupd) solar value¥), corrected for the flects of GCE The required
However, the CAS provides a highly robust anchor point fer thabundance enrichments due to GCE affidlilt to be quanti-
oretical models at the solar circle, implying agreemenhlite
solar standard for some elements, but also systematic sifift ** Technically, this is realised in GCE models by a division loé t
various degrees for other elements. Galactic disk into concentric annuli that evolve indepembefrom
each other. The question in our context is, whether the Sunbwen
at a similar Galactocentric radius as it is observed today.
7.5. The Sun: an immigrant to its current neighbourhood 18 Over the lifetime of the Sun, the combineffeets of thermal dif-
) ) fusion, gravitational settling and radiative accelenmati@ve lead to a
In a strict sense, comparisons of the CAS and the solar clamigyild-up of helium and metal abundances below the conveciane,
composition discussed in the previous sections are mefainguch that the photospheric abundances are not represerfiatithe
in terms of GCE only when there is a causal relationship of thalk composition of the Sun.
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Table 11. Chemical tagging of the Sun’s place of birth.

Element Protosun Protosun, GCE corregéted CAS de(El)/dRy CAS+de(El)/dR,
AGSS09 CLSFB10 AGSS09 CLSFB10 dex kbc Ry=6kpc Ry=5kpc
C 8.470.05 8.54:0.06 8.530.05 8.6@0.06 8.330.04 -0.103:0.01® 8.54:t0.05 8.640.05
N 7.87+0.05 7.9Q-:0.12 7.950.05 8.0%0.12 7.720.04 -0.085:0.020 7.96:0.05 8.0%0.05
o] 8.73:0.05 8.8@0.07 8.740.05 8.840.07 8.7&0.05 -0.035'¢ 8.83:0.05 8.8%0.05
Mg 7.64+0.04 e 7.680.04 e 7.560.05 -0.03¢9 7.64:0.05 7.680.05
Si 7.55:0.04 . 7.630.04 . 7.5@0.05 -0.045 7.59:0.05 7.640.05
Fe 7.540.04 7.56-0.06 7.680.04 7.76:0.06 7.52:0.03 -0.052 7.62:0.03 7.68&0.03

Notes. @ applying values from Table 5 of AGSS09, based on GCE modeGhaippini et al. (2003)%) Esteban et al. (2005%) Carigi et al.
(2005);@ Cescutti et al. (2007), based on Cepheid observations ofiéwrsky et al. (2004, and references thereffija slightly steeper — though
compatible — gradient, by0.044+0.010 dex kpct, is given by Carigi et al. (2005).

fied, as they depend on many model details like e.g. the adoptietails of the Sun’s migration to its current location clos¢he
star-formation history and yields. Crucial is that enrighmis Galactic co-rotation radius, which is so favourable for étvés-
expected to occur, not depletion. In view of the previousulis tence of life on Earth (Leitch & Vasisht 1998).
sion in this section and in Sect. 7.4, it is therefore in féa t
similarities of the solar values and the present-day CASchvh
are astonishing, and less théfdrences. 8. Summary

Let us elaborate the argument in more detail: assume that .
the protosolar nebula would not have collapsed to the Ruotosf ith the present work we have established a new t_)enchmark
(with elemental abundances according to columns 2 and 3'8f analyses of early B-type stars, demonstrating thattjmalty
Table 11). Instead, the gas would have been enriched in mdflg entire observed spectra can be repro_duced reliablyast w
content over the past 4.56 Gyrs as predicted by GCE models $9PWn that by th? combined use of sc_)phlstlca}ted models aad of
the present solar vicinity, leading to the formation of then@t thorough analysis methodology on high-quality speatrsolute
the present day, with abundances according to columns 4 Sgflar parameters ant_j eIementaI.abunda_nces for _eard!ystgps
5. The Sun would appear significantly more metal rich than itan _be determined with a precision rlv_allng thatdyferential
surroundings, represented by the CAS (column 6). studies of solar-type stars. The successiultaneousnatch of

A different birth place of the Sun than around the solar circigany |ndep.endt_ant.obs.ervatlongl [nd|cators like the Baliner
could resolve this apparent contradiction. Higher abundaal- wings, multiple ionization equilibria, SEDs and the agream

ues have been characteristic for the inner disk of the Millgyw © SPECtroscopic andibkarcos distances indicates that high ac-
for a long time over Galactic history. This does not only aipl curacy was achieved at the same time, facilitated by themini

individual metal abundances, the argument is further mesta sation of systematic errors wherever they could be idedtifie

by the presence of a highef@ratio in the Sun than in the CAS Overall, our _analysis methodology provides both th‘? accu-
(independent of the reference of solar abundances). Thes inﬁicy and precision to use early B-type stars as versatills t0o
disk shows a higher fO ratio, which is supported both by an'©" astr(_)physws, bes@es our |mmed|ate objective herméo
observationally derived negative radialigradient (Esteban et conclusions from earlier applications get even strengitien

al. 2005) and some GCE models (e.g. Carigi et al. 2005).  '€trospect by the present work: e.g. on chemical tagging-in o
\;gper to determine population membership of hypervelocaysst

In order to further constrain the origin of the Sun, we ha . R ! -
to correct the CAS data for thefects of Galactic abundance(PrzyPilla et al. 2008a; Tillich et al. 2009), the investiga of

gradient&? (column 7 in Table 11), which were derived from subtle abundance signatures to constrain supernova isyaleo

carefully analysed sample of iHregions (Esteban et al. 2005;'€SiS from binary supernova runaways (Przybilla et al.&200

Carigi et al. 2005) and the modelling of the Cepheid data 8f92ngd €t al. 2010), or on coupling quantitative spectopgc
Andrievsky et al. (2004, and references therein) by Ceisetitt with asteroseismic analysis of pulsating OB stars Obsmd
al. (2007). From our own experience, we consider these wofkgRoT (Briquetetal. 2011). And, the methodolog§ers a high
as sources of reliable data on this topic, see Przybillagpand Potential for future applications, that may facilitate manore
Firnstein (2010) for a discussion. The results from the igrate facets of a_str_ophysws_, to _be studied at high conf_ldence.
corrected CAS values at Galactocentric rajjiof 6 and 5kpc "€ principal application of our novel analysis methodglog
are shown in columns 8 and 9 of Table 11. here was on a larger sample of nearby apparently slowlyingta
The comparison of the GCE-corrected protosolar abufidry B-type stars that were cleaned from peculiar objddis
dances with the gradient-corrected CAS values suggestththa conﬂrmed_that the_ young stellar component of the solar n_e|gh
birthplace of the Sun was located @Rabetween 5 to 6 kpc (de- bourhood is chemically homogeneous to better than 10%.,-in ac
pending on the solar standard reference, which introduges §ordance to studies of the local ISM abundances ~ the materia
other uncertainty to the previous considerations). We lcoiec out of which the stars fo_rmed. This in turn allowed us to e_stab
that the Sun — and probably many other nearby older and mefiil? @ Present-day cosmic abundance standard (CAS), wiigh h
rich stars — are immigrants to the present solar neighbaathot'€ @dvantage of redundancy when compared to the solar stan-
supporting views that stellar radial migration is esséfdiaun- da_rd, as it is based on an entire sample of stars mstegd of one
derstanding Galactic evolution (Schonrich & Binney 20089) object alone. So far, information for the most abundant ébaim

would be highly interesting though fiicult to investigate the SPecies have been provided, with log 7.50. ,
First implications of the existence of a present-day cosmic

19 Data are for the present-day, but GCE models suggest théathe abundance standard were outlined here. The CAS reprebents t
tening of Galactic abundance gradients over the lifetiménefSun are recommended initial chemical composition for stellar stuwe
insignificant for our considerations (Marcon-Uchida e24l10). and evolution calculations, in particular for short-livedssive
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stars. Observationally, nitrogen enrichment in abgBtdf the Asplund, M., Grevesse, N., Sauval, A. J., & Scott, P. 2009A&R, 47, 481

sample objects indicates mixing of the surface layers wih C
processed material from the stellar core, with the abureleac
tios for the light elements carbon, nitrogen and oxygemfoihg
tightly the predicted nuclear path of the CNO cycles.

(AGSS09)
Baldwin, J. A, Ferland, G. J., Martin, P. G., et al. 1991, AR%4, 580
Baranne, A., Queloz, D., Mayor, M., et al. 1996, A&AS, 119337
Basu, S.,& Antia, H. M. 2008, Phys. Rep., 457, 217
Bates, D., & Damgaard, A. 1949, Phil. Trans. R. Soc. Londen, &, 242, 101

The CAS provides the to date most authoritative referenBecker, S. R. 1998, ASP Conf. Ser., 131, 137

for constraining the chemical composition of the ISM dus

phase. A silicate-rich and relatively carbon-poor natur¢he
local ISM dust is inferred, challenging many contemporargtd

Becker, S. R., & Butler, K. 1988, A&A, 201, 232

Becker, S. R., & Butler, K. 1989, A&A, 209, 244
Becker, S. R., & Butler, K. 1990, A&A, 235, 326
Bessell, M. S., Castelli, F., & Plez, B. 1998, A&A, 337, 321

models. In combination with the finding that carbonaceoust dwBriquet, M., Aerts, C., Baglin, et al. 2011, A&A, 527, A112

is practically absent inside the OrionnHregion this implies
that the dust in the ISM is in its majority composed of silest

PAHSs, organic refractory material and possibly amorphaus c

bon, with only little carbon incorporated in graphite.

Butler, K., & Giddings, J. R. 1985, in Newsletter of Analysif Astronomical
Spectra, No. 9 (Univ. London)

Butler, K., Mendoza, C., & Zeippen, C. J. 1993, J. Phys. B,4269

Cdfau, E., Ludwig, H.-G., Stéen, M., Freytag, B., & Bonifacio, P. 2010,
Sol. Phys., 268, 255 (CLSFB10)

The CAS provides tight reference points for anchoring mo@&antiello, M., Langer, N., Brott, I. et al. 2009, A&A, 499,27
els of the chemical evolution of the Milky Way, constraininggarde”'v J. A., Clayton, G. C., & Mathis, J. S. 1989, ApJ, 3285

arigi, L., Peimbert, M., Esteban, C., & Garcia-Rojas,0D%®, ApJ, 623, 213

the present-day endpoint of Galactic nucleosynthesissiStar = ieqge, s.1.B., Lauroesch, J.T., Meyer, D.M., Sofia. 2004, ApJ, 613, 1037
neighbourhood in the course of the cosmic matter cycle. \&e dtartledge, S. 1. B., Lauroesch, J.T., Meyer, D.M., Sofia, 2006, ApJ, 641, 327

cussed in particular the examples of the light elements Gi¥O,
the MgFe ratio as a tracer for theFe ratio. While the CAS in-
dicates a surprisingly good agreement with most inferefioes
the solar abundances, a strikingfdrence is found for the /O

Catanzaro, G. & Leone, F. 2008, MNRAS, 389, 1414

Cescutti, G., Matteucci, F., Frangois, P., & Chiappini2007, A&A, 462, 943
Chiappini, C., Romano, D., & Matteucci, F. 2003, MNRAS, 388,

Cunha, K., & Lambert, D. L. 1994, ApJ, 426, 170

Cunha, K., Hubeny, I. & Lanz, T. 2006, ApJ, 647, 143

ratio, amounting to almost 50% between cosmic and solar vakfion, S., Cunha, K., & Becker, S. R. 1999, ApJ, 522, 950

ues. Intriguingly, early B-type stars with super-solar atlet-

ity are absent in the solar neighbourhood, while severathyea

solar-type stars show super-solar metallicities. Thistzaimter-

Daflon, S., Cunha, K., Becker, S. R., & Smith, V. V. 2001a, A&R, 309
Daflon, S., Cunha, K., Butler, K., & Smith, V. V. 2001b, ApJ, %625
Daflon, S., Cunha, K., Smith, V. V. & Butler, K. 2003, A&A, 39925

de Avillez, M. A. & Breitschwerdt, D. 2007, ApJ, 665, 35

preted as a consequence of radial migration of stars wittén tye Ridder, J., Dupret, M.-A., Neuforge, C. & Aerts, C. 2002 385, 572

Galactic disk.
Finally, the comparison of the CAS with the solar standard
view of Galactic chemical evolution (GCE) shows that theénhyg

Desmet, M., Briquet, M., Thoul, A., et al. 2009, MNRAS, 39860
fpenati, J.-F., Howarth, I. D., Jardine, M. M., et al. 2006, RAS, 370, 629
Draine, B. T. 2003, ARA&A, 41, 241

Duycati, J. R. 2002, VizieR Online Data Catalog, 2237

successful use of the Sun as proxy for cosmic abundanceggon, p. L., Brown, P. J. F., Lennon, D. J., & Lynas-GrayFA1986, MNRAS,

somewhat coincidental. Radial migration outward from ithb

222,713

place in the inner disk at5-6 kpc Galactocentic distance (wheréwek, E., Arendt, R. G., Fixsen, D. J., etal. 1997, ApJ, 4&5 5

higher metallicity values were reached earlier in cosmstdny)

over its lifetime to its current neighbourhood has comptatsa

Edvardsson, B., Andersen, J., Gustafsson, B., et al. 1993, 275, 101
Esteban, C., Peimbert, M., Garcia-Rojas, J. et al. 2004RMS8| 355, 229
Esteban, C., Garcia-Rojas, J., Peimbert, M., et al. 2003, 818, L95

for the expected metal enrichment in the course of GCE. A teHapbian, D., Nissen, P. E., Asplund, M., Pettini, M., & Akeim C. 2009, A&A,

taling signature is left only in the /O ratio. The present work

500, 1143

provides the so far most stringent evidence in terms of cbaimi Firnstein, M. 2010, Ph.D. Thesis, University of Erlangearémberg

signature that the Sun — like many other solar-type starsn is

immigrant to its current Galactic neighbourhood.
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Fig. 8a. Comparison between global synthetic and observed spedtnuthe B3 Ill-type star #15 18 Peg T = 15 800 K) in the spectral range
A43900-4500 A. See Sect. 5.3 for details.
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Table 7. Spectral line analysis of the program stars

log X/H + 12 (NLTE)

T 2 3 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Cn 391898 1633 -0.533 B WFD 821
Cn 392069 16.33-0.232 B WFD  8.30 8.30 8.40 8.34 8.21 8.23 8.31 8.15 8.26 8.19
Cn 4267.00 18.05 0563 € WFD 834 8.25 8.46 8.33 8.20 8.45 8.32 8.09 8.31 8.22
Cn 4267.26 18.05 0.716 € WFD
Cn 4267.26 18.05-0.584 G- WFD
Cn 5132.94 2070 -0.211 B WFD 841 8.27 8.34 8.35 8.30 8.29 8.40 8.38 8.41 8.29
Cn 5133.28 20.70 -0.178 B WFD
Cn 5137.26 20.70 -0.911 B WFD  8.46 8.39 8.44 8.50
Cn 5139.17 20.70 -0.707 B WFD  8.46 8.39 8.34 8.34 8.38 8.45 8.47 8.46 8.44
Cn 514350 20.70 -0.212 B WFD  8.39 8.33 8.44 8.36 8.34 8.33
Cn 514516 2071 0.189 B WFD  8.40 8.29 8.36 8.32 8.29 8.27 838 318 837 8.25
Cn 5151.09 20.71-0.179 B WFD  8.36 8.32 8.34 8.36 8.29 8.33 8.42 8.40 8.44 8.34
Cn 5648.07 20.70 -0.424 B WFD  8.44 8.39 8.34 8.34 8.27 8.44 8.48 8.39 8.38
Cn 5662.47 20.71-0.249 B WFD  8.38 8.34 8.37 8.34 8.34 8.27 8.38 8.37 8.41 8.38
Cn 6151.27 20.84 -0.15 Gr NO2 8.60 8.34 8.29
Cn 615153 20.84 0.02 € NO2
Cn 646195 2095 042 € NO2 8.34 8.60 8.29 8.39
Cn 6578.05 14.45-0.087 G- NO2 8.20 8.20 8.24 8.40 8.27 8.02 8.43 8.14 8.18 8.33
Cn 6582.88 14.45-0.388 G- NO2 8.20 8.20 8.29 8.40 8.28 7.94 8.47 8.23 8.30 8.42
Cn 6779.94 2070 0.025 B WFD 8.9 8.12 8.21 8.24 8.24 8.17 8.26 8.12
Cn 678059 20.70 -0.377 B WFD  8.19
Cn 6783.90 2071 0304 B WFD 824 8.19 8.22 8.24 8.24 825 182 825 8.24
Cn 6787.21 20.70 -0.377 B WFD 824 8.19 8.34 8.29 8.36 8.31 8.34 8.25
Cn 6791.47 20.70 -0.270 B WFD 824 8.19 8.26 8.29 8.32 8.28 8.31 8.35
Cn 6800.69 20.71-0.343 B WFD 827 8.34 8.24
Cm 4056.06 40.20 0.267 B WFD  8.36 8.27 8.28 8.44
Cm 415251 40.06 -0.112 G- WFD 837 8.37
Cm 4162.88 40.06 0.218 € WFD 8.29 8.33
Cm 4186.90 40.01 0918 B WFD 832 8.24 8.34 8.49 8.57
Cm 4515.81 39.40 -0.279 B WFD  8.40 8.21
Cm 4516.79 39.40 -0.058 B WFD 837 8.23
Cm 4647.42 2953 0.070 B WFD  8.29 8.26 8.44 8.26 8.30 8.31 8.49 8.32
Cm 4650.25 29.53 -0.151 B+ WFD 833 8.28 8.34 8.34 8.41 8.44 8.44
Cm 4651.47 2953 -0.629 B+ WFD  8.39 8.28 8.44 8.37
Cm 4663.64 38.22-0530 B WFD 837 8.27 8.17
Cm 4665.86 38.23 0.044 B WFD  8.38 8.24 8.16
Cm 5253.58 38.22-0.707 B WFD 8.29
Cm 5272.52 38.23 -0.486 B WFD 8.28 8.32
Cm 5695.92 3210 0.017 B WFD 834 8.22
Cm 6731.04 38.22-0.293 B  WFD 8.37
Cm 674439 3823 -0.022 B WFD 8.33
Cm 8500.32 30.65-0.484 B WFD 8.40 8.21
Cwv 5801.31 3755 -0.19 A  WFD 8.45 8.34
Cwv 5811.97 37.55 -049 A  WFD 8.45 8.34
Nn 3855.10 21.15-0.682 G- MAR  7.85 8.14 8.02 7.76 8.22
Nn 3955.85 21.15-0.813 B WFD  7.85 8.15 7.83 8.00 7.74 8.25 7.79 7.88 8.19
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Table 7. continued.

log X/H + 12 (NLTE)

i 2 3 7 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Nu 399500 1850 0.163 B FFT 7.64 7.81 7.79 7.75 7.66 8.15 762 737. 7.75 8.14
Nn 403508 23.12 0599 B  BB89  7.69 7.87 7.77 7.80 7.73 8.12 766 907 773 8.15
Nn 4041.31 23.14 0748 B MAR  7.69 7.86 7.82 7.85 7.79 8.14 7.76 937. 7.90 8.30
Nn 404353 23.13 0440 C  MAR 7.71 7.91 7.81 791 707. 824
Nn 4082.27 23.13-0.122 G- MAR 7.79 7.70 7.75 7.89 7.98 7.95 8.13 7.97 8.25
Nn 416051 23.24 -0.910 X KB 7.91 8.24
Nn 4171.60 23.20-0.087 B MAR  7.59 7.91 7.65 7.79 7.88 7.99 7.62 7.75 7.68 8.07
Nn 4173.56 23.24 -0570 X KB 7.70 8.10 8.24
Nn 4176.16 23.20 0.316 B MAR  7.56 7.82 7.66 7.84 7.94 777 179 7.89 8.22
Nn 4179.67 23.25-0.090 X KB 7.84 8.07 7.91 7.76 8.25 7.84 8.00 7.76 8.12
Nn 4227.74 21.60-0.060 B  WFD  7.77 8.02 7.80 7.98 7.73 8.25 7.73 7.94 7.76 8.21
Nn 423691 2324 0.383 X KB 7.60 7.81 7.62 7.77 7.62 8.00 760 177 765 8.14
Nn 4237.05 23.24 0553 X KB
Nn 4241.24 23.24 -0.337 X KB 7.73 7.92 7.73 8.02 7.77 8.08
Nun 4241.76 23.24 0210 X KB 7.62 7.80 7.81 7.69 8.06 7.72 773 776 814
Nn 4241.79 2325 0.713 X KB
Nn 424250 23.25-0.337 X KB 7.63 7.78 7.79 7.63 8.00
Nn 4427.23 2342 -0079 D MAR  7.72 8.00 7.92 8.11
Nn 4427.96 23.42 -0.170 X KB 7.88 8.13 7.98 8.11
Nn 4431.81 2342 -0.170 X KB 7.57 7.80 8.03
Nun 4432.74 2342 0580 X KB 7.63 7.86 7.81 7.75 7.93 7.72 7.90 7.77 8.14
Nn 4433.48 23.43 -0.040 X KB 7.76 8.01 7.97 8.24
Nn 4442.02 2342 0.310 X KB 7.81 7.94 7.84  .298
Nu 4447.03 2041 0221 B FFT 7.61 7.76 7.76 7.69 8.07 767 078 7.73 8.17
Nn 4507.56 20.67 -0.817 B WFD  7.86 8.10 8.00 7.68 8.35 7.80 7.99 7.81 8.28
Nn 4530.41 2347 0.604 € MAR  7.61 7.86 7.66 7.77 7.74 7.92 7.69 7.88 7.85 8.31
Nn 4601.48 18.47 -0.452 B+ FFT 7.72 8.02 7.95 7.74 8.09 7.73 7.95 7.88
Nn 4607.15 18.46 -0.522 B+ FFT 7.79 8.10 7.84 7.99 7.75 8.26 7.82 7.99 7.88 8.32
Nun 4608.09 23.47 -0.640 X KB 7.84 8.05 8.27
Nn 4621.39 18.47 -0.538 B+ FFT 7.62 8.01 7.87 7.74 8.04 7.70 7.91 7.75 8.30
Nn 4630.54 1848 0.080 B FFT 7.64 7.86 7.76 7.66 8.11 7.70 7.81 7.79 8.18
Nn 4643.08 18.48 -0.371 B+ FFT 7.74 8.03 7.93 7.70 8.18 7.79 7.97 7.85 8.22
Nn 4674.91 1850 -1.463 G- WFD  7.70 8.05 7.81 7.75 8.24
Nun 4694.64 2357 0.100 X KB 7.84 8.12 7.87 8.05 7.77 8.22 786 279 7.92 8.29
Nn 4779.72 20.65-0593 B  FFT 7.79 8.12 8.03 7.86 8.34 7.84 8.05 7.91
Nn 4781.19 20.65-1.333 B  FFT 8.00 7.94 8.17 7.84 8.06 7.91
Nn 4788.14 20.65-0.366 B  FFT 7.78 8.06 7.83 8.02 7.82 8.30 7.79 8.00 7.87 8.27
Nn 4793.65 20.65-1.032 B+ FFT 7.91 8.18 7.99 7.81 8.28 7.79 7.98 7.87 8.29
Nn 4803.29 20.67 -0.115 B+ FFT 7.73 8.01 7.95 7.80 8.18 7.83 8.03 7.88 8.26
Nun 4810.30 20.67-1.011 C MAR  7.80 8.34
Nn 4987.38 20.94 -0584 B  FFT 7.76 8.08 8.00 7.84 8.03
Nun 4991.24 25.49 -0.180 G- WFD 8.17 8.35
Nn 4994.36 2550 -0.164 G- WFD  7.73 7.95 7.79 7.90 7.80 8.27 7.79 7.94 7.87 8.20
Nn 4994.37 20.94 -0.098 B  FFT
Nn 5001.13 20.65 0.257 B FFT 7.84 8.00 7.69 8.01 7.81 8.13 782 96 7. 7.94 8.26
Nun 5001.47 20.65 0435 B  FFT 7.77 8.01
Nn 5002.70 18.46 -1.022 B+ WFD  7.87 8.18 8.03 7.82 8.27 7.82 7.97 7.92 8.27
Nun 5005.15 20.67 0.587 B  FFT 7.59 7.79 7.68 7.80 7.93 7.99 774 857. 787 8.21
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Table 7. continued.

log X/H + 12 (NLTE)

i 2 3 7 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Nu 5007.33 2094 0.145 B FFT 7.67 7.89 7.80 7.87 7.74 8.23 773 91 7. 785 8.18
Nn 5010.62 18.47 -0.607 B+ WFD  7.83 8.15 7.82 7.95 7.71 8.11 7.75 7.96 7.88 8.19
Nn 5011.31 25.50 -0.180 G- WFD  7.78 8.25
Nn 5012.04 2551 0.136 € WFD  7.83 8.13 8.24
Nn 5025.66 20.67 -0.557 B  FFT 7.75 8.05 7.97 7.86 8.11 7.85 7.97 . 8.36
Nn 504510 18.48 -0.407 B+ WFD  7.83 8.08 7.87 7.96 7.68 8.24 7.74 7.94 7.80 8.13
Nn 5454.22 21.15-0.783 B  FFT 8.09
Nn 5478.09 21.15-0.928 B  FFT 8.10 8.04 8.31
Nn 5480.05 21.16-0.711 B  FFT 7.84 8.10 8.05 8.30
Nn 549565 21.16-0.220 B  FFT 7.90 8.11 8.00 8.32
Nn 5530.24 2550 0.113 € WFD 8.07 8.34
Nn 553535 2551 0.398 € WFD  7.76 8.01 7.81 8.00 8.22
Nn 5535.38 25.49 -0.204 G- WFD
Nn 5551.92 2551 -0.189 G- WFD 8.09
Nun 5666.63 18.47 -0.104 B+ MAR  7.69 7.96 7.89 7.62 7.98 7.70 7.96 7.77 8.24
Nn 5676.02 18.46 -0.356 B+ MAR  7.81 8.13 7.90 8.03 7.68 8.28 7.69 8.00 7.79 8.18
Nun 5679.56 1848 0.221 8 MAR  7.71 7.95 7.66 7.93 7.65 8.07 7.75 7.97 7.85 8.26
Nn 5686.21 18.47 -0.586 B+ FFT 8.02 7.70 8.02 7.71 7.99 7.75 8.24
Nn 5710.77 18.48 -0.466 B MAR  7.79 8.06 7.97 8.22
Nn 5747.30 1850 -1.092 B  FFT 7.74 7.95 7.98 7.78 8.13
Nun 5767.45 1850 -1.447 B  FFT 8.03 8.30
Nn 6167.75 23.14 0.025 € WFD  7.73 7.99 7.95 8.26
Nn 6170.16 23.12-0.311 G- WFD 8.23
Nn 6173.31 23.13-0.126 G- WFD  7.77 8.05 8.00 8.20
Nn 6242.41 23.47 -0053 B WFD  7.83 8.16 8.07
Nn 6379.62 18.47 -1.188 G- FFT 7.85 8.24
Nn 6482.05 1850 -0.311 B  FFT 7.88 8.15
Nin 6610.56 21.60 0.440 B  FFT 7.65 7.80 7.88 7.84 7.78 8.07 780 90 7. 7.67 8.31
O1 6155.96 10.74 -1.363 B+ WFD 8.80 8.77 8.89 8.82 8.83 8.91
O1 6155.97 10.74 -1.011 B+ WFD
O1 6155.99 10.74 -1.120 B+ WFD
O1 6156.74 10.74 -1.488 B+ WFD 8.80 8.80 8.81 8.88 8.80
O1 6156.76 10.74 -0.899 B+ WFD
O1 6156.78 10.74 -0.694 B+ WFD
O1 6158.15 10.74 -1.841 B+ WFD 8.80 8.80 8.80 8.83 8.86 8.80 8.90
O1 6158.17 10.74 -0.996 B+ WFD
O1 6158.19 10.74 -0.409 B+ WFD
O1 777194 915 0354 A  FFT 8.80 8.78 8.82 8.79 8.89 865 .748  8.74
O1 777417 915 0207 A  FFT 8.85 8.87 8.85 8.79 8.94 878 .888  8.96
O1 777539 9.15 -0.015 A  FFT 8.80 8.89 8.80 8.85 8.94 8.99 9.02
O1 844625 952 -0468 B  FFT 8.70 8.70 8.90 8.66 8.90 8.74
O1 844636 952 0231 B  FFT
O1 8446.76 952 0009 B  FFT
On 3907.45 25.65-0.879 B+ FFT 8.80 8.75 8.80 8.75 8.72 8.70 8.83 8.92 8.94
On 3911.96 25.66 -0.014 B+ FFT 8.70 8.70 8.73 8.75 8.66 8.72 8.82 8.87 8.74
On 3912.12 25.66 -0.907 B+ FFT
On 3945.04 23.42-0.711 B+ FFT 8.75 8.80 8.83 8.78 8.74 8.83 8.77 8.83 8.77
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Table 7. continued.

log X/H + 12 (NLTE)

i 2 3 7 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Ou 395436 2342 -0.402 Br FFT 8.70 8.75 8.87 8.77 8.77
On 4069.62 2563 0.144 B FFT 8.80 8.68 8.95 8.71 8.85 8.87 8.91 8.86
On 4069.88 2564 0.352 B FFT
On 4072.72 2565 0528 B FFT 8.80 8.80 8.95 8.75 8.85 8.81 8.75 8.91 8.88
On 4075.86 25.67 0.693 B FFT 8.70 8.78 8.90 8.80 8.80 8.91 8.89 8.90 9.01
On 4078.84 2564 -0.287 B+ FFT 8.80 8.80 8.80 8.87 8.75 8.80 8.75 8.72 8.89 8.83
On 4085.11 25.65-0.191 B+ FFT 8.80 8.80 8.78 8.88 8.76 8.78
On 4129.32 2584 -0.943 B+ FFT 8.78 8.80 8.70 8.75 8.75 8.66 8.72 8.75
On 4132.80 25.83 -0.067 B+ FFT 8.71 8.70 8.77 8.75 8.70 8.75 8.67 8.75 8.83 8.85
On 415330 2584 0.070 B FFT 8.77 8.81 8.90 8.75 8.88 9.00 8.88
On 4156.53 25.85-0.706 B+ FFT 8.77 8.76 8.84 8.70 8.76 8.85 8.83 8.89
On 418545 2836 0.604 D WFD  8.60 8.60 8.68 8.65 8.60 8.72 856 618 871 8.60
On 419251 2851 -0470 D WFD  8.65 8.70 8.68 8.70 8.75 8.72 8.72 8.78 8.82
On 4196.70 2851 -0.726 D WFD  8.70 8.70 8.72 8.68
On 4317.14 22.97 -0.368 B+ FFT 8.85 8.90 8.90 8.83 8.78 8.85 8.83 8.94 9.02
On 4319.63 22.98 -0.372 B+ FFT 8.90 8.90 8.90 8.90 8.70 8.82 8.70 8.80 8.88 8.75
On 432576 22.97 -1.095 B FFT 8.84 8.86 8.89 8.94 8.99
On 4327.46 2851 0.056 D  WFD 8.75 8.65 8.58 8.76 748. 8586
On 432859 28.83-0.202 D  WFD 8.65 8.60 8.78 8.75 8.86
On 4331.86 2851-0.136 D  WFD 8.65 8.74 8.67 8.72
On 4336.86 22.98 -0.748 B+ FFT 8.57
On 434556 22.98 -0.342 B+ FFT 8.90 8.90 8.80 8.80 9.02
On 4347.22 2566 -0.896 B+ FFT 8.70 8.80 8.70 8.78 8.80 8.74 8.85 8.91 8.98
On 4347.41 2566 0.001 B FFT
On 4349.43 23.00 0.073 B FFT 8.90 8.95 8.68 8.80 8.84 8.86 8.97 8.77
On 4351.26 2566 0.202 B FFT 8.70 8.78 8.70 8.80 8.72 8.80 8.74 8.80 8.86 8.70
On 4351.46 2566 -1.013 B FFT
On 4366.89 23.00-0.333 B+ FFT 8.80 8.85 8.90 8.93 8.65 8.73 8.68 8.77 8.91 8.74
On 4369.28 26.23 -0.383 B+ FFT 8.60 8.60 8.80 8.60 8.70 8.65 8.64 8.62 8.67
On 441490 23.44 0207 B  FFT 8.70 8.80 8.80 8.92 8.60 8.90 866 718. 884 8.71
On 4416.97 23.42-0.043 B FFT 8.75 8.75 8.80 8.92 8.66 8.95 8.72 8.77 8.92 8.89
On 4443.01 28.36-0.047 D WFD  8.60 8.65 8.70 8.73 8.67 8.70 8.63 8.73 8.76 8.71
On 4448.19 2836 0.083 D WFD 860 8.70 8.80 8.75 8.70 8.70 861 838 875 8.86
On 445238 23.44 -0.767 B FFT 8.77 8.80 8.80 8.80 8.67 8.86 8.71 8.77 8.84 8.55
On 4590.97 2566 0.331 B FFT 8.70 8.80 8.75 8.85 8.70 8.80 8.67 8.75 8.89 8.75
On 4595.96 25.66-1.022 B FFT 8.70 8.75 8.75 8.85 8.69 8.80 8.72 8.80 8.87 8.79
On 4596.18 2566 0.180 B FFT
On 4638.86 22.97 -0.324 B+ FFT 8.95 8.95 8.80 8.90
On 4641.81 22.98 0.066 B FFT 8.95 8.69
On 4649.13 23.00 0.324 B FFT 8.90 8.70 8.90
On 4650.84 22.97 -0.349 B+ FFT 8.95 8.66 8.90
On 4661.63 22.98 -0.269 B+ FFT 8.95 8.95 8.70 8.93 8.80 8.95 9.00 8.78
On 4673.73 22.98-1.101 B  FFT 8.80 8.83 8.88 8.78
On 4676.24 23.00 -0.410 B+ FFT 8.88 8.95 8.93 8.72 8.84
On 4690.89 28.82-0.610 D WFD  8.68 8.73 8.68 8.78 8.73
On 4696.35 23.00 -1.377 B FFT 8.80 8.80 8.80 8.75 8.84 8.76 8.85 8.89 8.85
On 4699.01 2851 0418 D WFD  8.60 8.55 8.65 8.70 8.63 8.80 857 668 877 8.66
On 4699.22 2623 0.238 B FFT
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Table 7. continued.

log X/H + 12 (NLTE)

i 2 3 7 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Oun 4701.18 2883 0088 C WFD 860 8.65 8.65 8.75 8.76 8.67 867 678 868 8.02
On 4703.16 2851 0.262 D  WFD N 8.60 8.71 8.67 8.65 864 718 874
On 470535 2625 0.533 B FFT 8.80 8.70 8.80 8.78 8.65 8.80 8.59 8.66 8.80 8.68
On 4710.01 26.23 -0.090 B+ FFT 8.70 8.70 8.95 8.75 8.70
On 4890.86 26.30 -0.470 B+ FFT 8.80 8.80 8.80 8.80 8.75 8.71 8.88 8.85 8.89
On 4906.83 26.30 -0.157 B+ FFT 8.75 8.80 8.80 8.83 8.71 8.70 8.66 8.81 8.86 8.90
On 4941.07 2655 0.018 B FFT 8.57 8.65 8.65 8.70 8.70 8.70 8.58 8.71 8.65 8.65
On 4943.01 2656 0.307 B FFT 8.55 8.65 8.65 8.70 8.69 8.75 8.62 8.66 8.76 8.70
On 5206.65 26.56 -0.159 B+ FFT 8.65 8.65 8.70 8.71 8.70 8.65 8.68 8.74 8.79 8.82
On 6721.39 23.44 -0.625 B+ FFT 8.80 8.87 8.72 8.70 8.77 8.78 8.97 8.86 8.88
Ner 6030.00 16.67 -1.026 B  FFT 8.18
Ner 6074.34 16.67 -0.473 B+ FFT 8.06 8.10 8.06 8.08 8.14 8.10 8.11
Ner 6096.16 16.67 -0.272 B+ FFT 8.10 8.07 8.13 8.12 8.07 8.05 8.10 8.04
Ner 6143.06 16.62 -0.070 B+ FFT 8.11 8.14 8.03 7.98 8.08 8.04 7.96 7.94 7.98
Ner 6163.59 16.72 -0.598 B+ FFT 8.20 8.10 8.06 8.13 8.07 8.02 8.10 8.05
Ner 6217.28 16.62 -0.943 B  FFT 8.09 8.12 8.23 8.06 7.92 8.01
Ner 6266.50 16.72 -0.331 B+ FFT 8.26 8.25 8.10 8.10 8.09 8.09 8.12 8.15
Ner 6304.79 16.67 -0.873 B  FFT 8.10 8.31 8.27
Ner 6334.43 16.62 -0.277 B+ FFT 8.17 8.02 7.97 8.10 8.03 7.99 7.95
Ner 6382.99 16.67 -0.205 B+ FFT 8.16 8.17 7.95 8.11 8.14 8.17 8.10 8.16
Ner 6402.25 16.62 0.365 B FFT 8.07 8.04 7.94 7.93 8.15 8.00 7.98 7.94 7.92
Ner 6506.53 16.67 -0.002 B+ FFT 8.01 8.04 8.07 8.00 8.05 8.08
Ner 6717.04 16.84 -0.346 B+ FFT 8.24 8.10 8.11 8.19 8.20 8.18
Ner 7032.41 16.62 -0.222 B+ FFT 8.00 7.92 8.05 8.07 8.13 8.10 8.01 8.11
Nen 4150.69 34.64 -0.019 B  BO8 8.10 . 8.08
Nem 4219.75 34.61 0.674 B  BO8 8.04 7.95 8.05 8.04 8.14 L
Nem 4220.89 34.62 -0.179 B  BOS 8.11 8.17 8.17
Nem 4221.09 34.62 -0.774 B  B08
Nenm 4231.53 34.62 -0.087 B  B0S 8.15
Nem 4231.64 34.62 -0.262 B  B08
Nem 4233.85 34.62 0.362 B  BOS 7.85 7.84 7.91 7.93
Nem 4239.92 34.63 -0.856 B  B08 8.10 8.19 8.08 8.13
Nenm 4240.10 34.63 -0.089 B  B0S
Nem 4250.65 34.63 0.107 B B08 8.00 7.95 8.14
Nem 4391.99 34.74 0908 B  BOS 8.06 8.00 8.13 8.08 8.16
Nem 441259 34.74 0.046 B  BO8 8.10 8.10 8.10 8.22
Nem 4413.10 34.83 -0.395 B  BOS 8.07 8.13 8.12
Nem 4413.13 34.86 -0.775 B  B08
Nem 4413.22 34.86 0522 B  BOS
Nem 4421.39 34.84 0.158 B  B08 8.02 8.13
Nen 4498.93 34.81 -0.174 B  BO8 8.10 8.20
Nem 4499.12 34.81 -0.094 B  B08
Nem 4522.72 3493 0.154 B  BOS 8.10 8.18
Nem 4534.52 34.81-0.323 B  B08 8.06
Nem 4534.64 34.81 0542 B  BOS
Nem 4569.06 34.93 0.123 B  B08 8.15 8.23
Nen 4580.42 34.96 -0.328 B  BO08S 8.20
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Table 7. continued.

log X/H + 12 (NLTE)

i 2 3 7 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Nen 4616.09 34.88 -0.117 B B08S 8.16 8.06 8.14
Mgu4384.64 10.00 -0.792 B+ FW 7.60 7.55 7.50 7.50 7.61 7.57 7.52 7.55 7.67
Mgun4390.51 10.00 -1.703 D  FW 7.60 7.60 7.57 7.52 7.64 7.58 7.63 7.44 7.62
Mgm4390.57 10.00 -0.530 B+ FW
Mgu4433.99 10.00 -0.900 G- FW 7.62 7.54 7.65 7.53 7.67
Mgu4481.13 886 0730 B FW 7.55 7.57 7.59 7.52 7.42 7.62 7.66 7.48 7.59 7.65
Mgu4481.15 8.86 -0.570 B+ FW
Mgu4481.33 886 0575 B FW
Mgu5401.54 11.63 -0.083 C  CA 7.44
Mgu 654597 11.63 0408 C CA 7.40 7.52 7.38
Mgn7877.05 10.00 0.390 € WSM  7.71 7.61 7.66
Sim 4552.62 19.02 0.284 € BB90  7.47 7.54 7.27 7.36 7.49 7.54 7.51
Sim 4567.84 19.02 0.060 € BB90  7.47 7.59 7.19 7.36 7.51 7.52 7.48
Sim 4574.76 19.02 -0.417 G- BB90  7.57 7.57 7.27 7.42 7.55 7.57 7.51
Sim 5739.73 19.72-0.102 B BB90  7.49 7.50 7.29 7.56 7.41 7.65 7.52 7.48
Siv 4116.10 24.05-0.105 B BB90  7.52 7.44 7.48 7.35 7.51 7.64 7.56
Fen 4233.17 258 -200 C FMW ... 7.55
Fen 4583.83 2581 -202 D FMW ... 7.60
Fen 5018.44 2389 -122 C FMW ... 7.49
Fen 5169.03 2.89 -0.87 C FMW ... 7.35 7.30 7.46 7.46 7.38 7.43
Fen 5316.61 3.15 -185 C FMW ... 7.49
Fem 3947.00 14.18 -1.860 X KB 7.51 7.55 7.62 758  7.512
Fem 4005.04 11.58 -1.755 X KB 7.67 7.36 7.55
Fem 4039.16 11.58 -2.349 X KB 7.50 7.56 7.50 7.41 7.53 7.53 7.55 7.66
Fem 4053.11 20.61 0.261 X KB 7.39 7.41 7.60 7.41 7.36 7.51 751 675 7.49
Fem 4081.01 20.63 0.372 X KB 7.39 7.44 7.44 7.34 7.69 7.54 7.45 7.45 7.54
Fem 4122.03 20.60 0.406 X KB 7.44 7.52 7.53
Fem 4122.78 20.60 0.360 X KB 7.37 7.49 7.63 7.63
Fem 4137.76 20.61 0.630 X KB 7.32 7.44 7.26 7.55 7.45 7.41 437 754
Fem 4139.35 20.61 0.520 X KB 7.36 7.47 7.45 7.54 57.4 ...
Fem 4164.73 20.63 0.923 X KB 7.42 7.41 7.55 7.24 7.55 7.47 7.58 7.51 7.57
Fem 4166.84 20.63 0.409 X KB 7.31 7.41 7.38 7.55 7.49 756 497  7.65
Fem 4238.62 20.88 0.127 X KB 7.46 7.38 7.45 7.35
Fem 4248.77 20.89 -0.095 X KB 7.43 7.40 7.46
Fem 4296.85 22.86 0.879 X KB 7.41 7.44 7.46 7.42 7.52 7.44 749 175 751 7.59
Fem 4296.85 22.86 0.418 X KB
Fem 4304.75 22.86 0.377 X KB 7.44 7.41 7.45 7.54 7.43 7.46 7.57 7.41 7.61
Fem 4304.75 22.86 -0.699 X KB
Fem 4304.77 2286 1.027 X KB
Fem 4310.36 22.87 1.156 X KB 7.45 7.42 7.36 7.42 7.54 7.48 7.48 7.53 7.65
Fem 4310.36 22.87 0.189 X KB
Fem 4372.04 2291 0585 X KB 7.47 7.43 7.49 7.50 7.56 7.54 eee ... 159
Fem 4372.10 2291 0.029 X KB
Fem 4372.13 2291 0.727 X KB
Fem 4372.31 2291 0.865 X KB
Fem 4372.31 2291 0.193 X KB
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Table 7. continued.

log X/H + 12 (NLTE)

i 2 3 7 5 6 7 8 9 10
lon 1(8)  x(eV) loggf Acc. Src. HD36591 HD61068 HD63922 HD74575 HD122980 HD1494BiD886 HD29248 HD35299 HD35708
Fem 437250 2291 0.200 X KB
Fem 4372.54 2291 0.993 X KB
Fem 4372.78 2291 0.040 X KB 7.46 7.50 7.54 7.58 7.58 7.58 7.63
Fem 4372.82 2291 1112 X KB
Fem 4419.60 8.24 -2.218 X KB 7.40 7.37 7.47 7.52 7.50 7.41 7.52
Fem 4431.02 825 -2572 X KB 7.48 7.48 7.38 7.50 7.47 7.57 7.51
Fem 5063.42 8.65 -2.950 X KB 7.44 7.54 7.50 7.52 7.66 7.49 7.54 7.44 7.50
Fem 5073.90 8.65 -2.557 X KB 7.42 7.46 7.39 7.52 7.50 7.54 7.42 7.58
Fem 5086.70  8.66 —-2.500 X KB 7.41 7.44 7.45 7.53 7.52 7.53 7.57
Fem 5127.39 8.66 -2.218 X KB 7.33 7.35 7.32 7.40 7.44 7.47 7.55
Fem 5127.63 8.66 -2.564 X KB
Fem 5156.11 8.64 —2.018 X KB 7.32 7.38 7.61 7.32 7.60 7.49 7.36 7.60 7.54
Fem 5193.91 8.66 -2.852 X KB 7.63 7.68 7.59 7.64 . 7.66
Fem 5235.66 18.27 -0.107 X KB 7.61 7.65 7.53 7.40 7.65
Fem 5243.31 18.27 0.405 X KB 7.65 7.65 7.58 7.46 ... 1768
Fem 5272.37 18.26 -0.421 X KB 7.63 7.61 7.52 7.54 7.66 7.68
Fem 5276.48 18.26 —-0.001 X KB 7.64 7.65 7.58 7.39 7.69 7.56 7.64
Fem 5282.30 18.27 0.108 X KB 7.64 7.66 7.55 7.64 7.35 7.63 7.61 ... 167
Fem 5284.83 2231 0.472 X KB 7.66 7.66 7.65 7.61 37.6
Fem 5298.11 22.31 0.367 X KB 7.61 7.63 7.53 7.61 676 ...
Fem 5299.93 18.26 -0.166 X KB 7.61 7.64 7.54 7.59 7.61 7.64 7.61
Fem 5306.76 18.26 -0.341 X KB 7.61 7.69 7.56 7.68
Fem 5833.94 1851 0.616 X KB 7.67 7.43 7.39 7.67 7.66
Fem 5999.54 18.82 0.355 X KB 7.43 7.47 7.58 7.50 7.58
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Table 7. continued.

log X/H + 12 (NLTE)

1 2 13 14 15 16 7 18 19 20
lon 1(A)  x(eVv) loggf Acc. Src. HD36512 HD36822 HD36960 HD205021 HD209008 HDABEOHD3360 HD16582 HD34816 HD160762
Cu 391898 16.33 0533 B WFD 8.19
Cn 3920.69 16.33-0.232 B WFD  8.44 8.37 8.25 8.33 8.30 8.27
Cun 4267.00 18.05 0563 € WFD 857 8.37 8.40 8.27 8.19 8.33 8.22 8.04 8.43 8.24
Cun 4267.26 18.05 0.716 € WFD
Cun 4267.26 18.05-0.584 G- WFD
Cun 5132.94 20.70-0211 B WFD  8.46 8.21 8.34 8.20 8.37 8.29 8.32 8.20 8.36 8.40
Cn 513328 20.70-0.178 B WFD
Cun 5139.17 20.70 -0.707 B WFD 8.38 8.36 8.26 8.46
Cun 514516 2071 0.189 B  WFD  8.37 8.22 8.25 8.22 8.34 8.33 832 198. 833 8.47
Cn 5151.09 20.71-0.179 B  WFD 8.39 8.30 8.34 8.39 8.35 8.32 8.25 8.36 8.45
Cun 5648.07 20.70 -0.424 B WFD 8.23 8.38 8.20 8.40 8.35 8.25 8.35
Cun 5662.47 20.71-0.249 B WFD 8.23 8.36 8.22 8.41 8.41 8.33 8.18 8.44
Cun 6578.05 14.45-0.087 G- NO2 8.25 8.39 8.40 8.19 8.39
Cn 6582.88 14.45-0.388 G- NO2 8.12 8.37 8.39 8.48 8.23 8.51
Cun 6779.94 2070 0.025 B  WFD 8.16 8.21 8.11 8.46
Cun 6783.90 2071 0.304 B  WFD 8.44 8.23 8.27 8.11 8.39
Cun 6787.21 20.70-0.377 B WFD 8.32 8.22 8.21 8.23 8.33
Cun 6791.47 20.70 -0.270 B WFD 8.18 8.24 8.23 8.14 8.36
Cm 4056.06 40.20 0267 B WFD 845 8.13 8.37 98.3
Cm 415251 40.06 -0.112 G- WFD  8.46 8.48
Cm 415650 40.06 0.059 € WFD 851 8.50
Cm 4156.74 40.06 -0.842 G- WFD
Cm 4162.88 40.06 0218 € WFD  8.39 8.20 8.36 8.13 8.39
Cm 4186.90 40.01 0.918 B  WFD 8.20 8.33 8.22 8.35 ... 378
Cm 4647.42 2953 0.070 B WFD 853 8.46 8.21 8.32 8.40 8.37 8.39
Cm 4650.25 29.53 -0.151 B+ WFD 8.34 8.28
Cm 4651.47 29.53 -0.629 B+ WFD 8.38 8.34
Cm 4659.06 38.22-0.654 B  WFD 8.24 8.55 8.48
Cm 4663.64 38.22-0530 B WFD 821 8.26
Cm 4665.86 3823 0.044 B WFD  8.14 8.16 8.24 28.3
Cm 5249.11 40.20-0.316 B WFD 841 8.25
Cm 525358 38.22-0.707 B WFD  8.38 8.35 8.34
Cm 5272.52 38.23-0486 B WFD 831 8.20 8.50
Cm 5695.92 3210 0017 B WFD 832
Cm 8500.32 30.65-0.484 B  WFD 825 8.30 8.35
Civ 5801.31 3755 -019 A WFD  8.15 8.50
Cwv 5811.97 3755 -049 A WFD 823 8.39
Nu 3955.85 21.15-0.813 B WFD 7.92 7.70 8.30 7.91
Nn 399500 1850 0.163 B  FFT 7.80 7.94 7.69 7.93 7.72 7.72
Nun 403508 2312 0599 B  BB89  7.81 7.99 7.90 8.06 7.87 7.72 815 .138  7.95 8.12
Nu 4041.31 23.14 0748 B MAR  7.89 8.09 7.84 8.18 7.90 7.73 821 218 7.90 7.96
Nu 404353 2313 0440 C MAR  7.85 7.92 7.74 7.99 7.83 822 082 7.69 7.84
Nu 4082.27 23.13-0.122 G MAR 7.65 7.94 8.47 8.01
Nun 4171.60 23.20 -0.087 B MAR 7.66 7.63 8.06 8.08 7.66
Nu 4176.16 2320 0316 B MAR 7.99 7.74 7.88 7.86 8.26 8.24 7.74 8.00
Nu 4179.67 23.25-0.090 X KB 8.04 7.81 7.70 8.17 7.73 7.93
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Table 7. continued.

log X/H + 12 (NLTE)

1 2 13 14 15 16 7 18 19 20
lon 1(A)  x(eVv) loggf Acc. Src. HD36512 HD36822 HD36960 HD205021 HD209008 HDABEOHD3360 HD16582 HD34816 HD160762
Nu 4227.74 21.60 -0.060 B WFD g 7.08 7.68 8.12 7.94 7.65 8.23 8.19 7.72 7.94
Nu 4236.91 2324 0383 X KB 7.60 7.72 7.55 7.88 7.74 7.69 8.09 680 752 7.74
Nu 4237.05 2324 0553 X KB
Nu 4241.76 2324 0210 X KB 7.70 7.83 7.56 7.95 7.59 7.65 811 281 7.63 7.77
Nu 424179 2325 0713 X KB
Nu 4432.74 2342 0580 X KB 7.66 7.83 7.51 7.98 7.73 8.10 8.11 7.85
Nu 4442.02 2342 0310 X KB 7.92 7.78 8.15 7.86 8.25 8.26 .. 7.93
Nu 4447.03 2041 0221 B  FFT 7.92 7.97 7.72 7.97 7.85 7.69 812 07 8. 7.84 7.79
Nu 4507.56 20.67 -0.817 B WFD 7.69 8.23 8.20 7.89
Nu 453041 2347 0.604 € MAR ... 7.86 7.58 8.06 7.65 8.12 8.20 7.65 7.82
Nu 4601.48 18.47 —0.452 B+ FFT 7.74 8.03 7.75 8.19 7.88 7.75 8.25 8.27 8.08 7.80
Nu 4607.15 18.46 —0.522 B+ FFT 7.89 8.02 7.84 8.28 7.74 7.86 8.30 8.32 7.85 7.87
Nu 4621.39 18.47 -0.538 B+ FFT 7.98 7.77 8.03 7.66 8.20 8.21 7.88 7.82
Nu 4630.54 1848 0.080 B FFT 7.98 8.11 7.70 7.71 8.18 8.21 7.96 7.75
Nu 4643.08 18.48 -0.371 B+ FFT 7.64 7.83 7.83 8.25 8.27 7.83
Nu 4694.64 2357 0.100 X KB 7.93 7.89 8.08 7.95 8.37 8.30 .797 7.92
Nu 4779.72 20.65-0.593 B  FFT 7.95 8.31 8.21 8.04 8.04
Nu 4781.19 20.65-1.333 B  FFT 7.91 7.95 8.26 8.21 8.05 8.10
Nu 4788.14 20.65-0.366 B  FFT 7.92 8.10 7.84 8.22 7.79 8.23 8.23 8.04
Nu 4793.65 20.65-1.032 B+ FFT 7.84 8.22 8.24 8.22 8.03
Nu 4803.29 20.67 -0.115 B+ FFT 7.83 8.34 7.81 8.34 8.26 8.07 7.92
Nu 4994.36 2550 -0.164 G- WFD  7.81 7.95 7.71 8.10 7.73 8.26 8.26 7.59 8.02
Nu 499437 20.94 -0.098 B  FFT
Nn 5001.13 20.65 0.257 B  FFT 7.71 7.84 7.66 8.02 7.91 7.88 831 318 774 7.95
Nu 5001.47 20.65 0435 B  FFT
Nn 5002.70 18.46 -1.022 B+ WFD ... 7.83 7.65 8.06 7.84 7.88 8.31 8.31 7.73 7.95
Nu 500515 20.67 0587 B  FFT 7.64 7.84 7.58 8.00 7.77 824 282 7.69 7.90
Nn 5007.33 20.94 0.145 B  FFT 7.95 7.90 7.75 8.08 7.68 825 782 7.92 7.99
Nu 5010.62 18.47 -0.607 B+ WFD  7.85 7.90 7.80 8.17 7.87 8.27 8.26 7.82 7.81
Nu 5025.66 20.67 -0.557 B FFT 7.69 8.14 7.77 8.24 8.32 7.59
Nu 504510 18.48 -0.407 B+ WFD  7.77 8.07 7.74 8.22 7.68 7.85 8.21 8.23 7.89 7.73
Nu 5666.63 18.47 -0.104 B+ MAR ... 7.68 7.52 8.12 7.67 7.72 8.27 8.28 7.57 7.77
Nu 5676.02 18.46 -0.356 B+ MAR  7.79 7.95 7.75 8.26 7.66 7.72 8.24 8.28 7.86 7.77
Nu 5679.56 1848 0221 B MAR  7.65 7.88 7.68 8.20 7.93 7.76 8.25 8.26 7.79 7.82
Nu 5686.21 18.47 —0.586 B+ FFT 7.82 7.62 8.25 7.76 8.33 8.30 7.74 7.83
Nu 661056 21.60 0.440 B  FFT 7.83 7.73 8.09 7.71 8.32 8.12 7.99
Or 6155.96 10.74 -1.363 B+ WFD 8.81 8.77 8.66 8.77 8.83
Or 6155.97 10.74-1.011 B+ WFD
Or 6155.99 10.74 -1.120 B+ WFD
O1 6156.74 10.74 -1.488 B+ WFD 8.77 8.80 8.80
Or 6156.76 10.74 -0.899 B+ WFD
O1 6156.78 10.74 -0.694 B+ WFD
Or 6158.15 10.74 -1.841 B+ WFD 8.81 8.83 8.86 8.79 8.83
Or 6158.17 10.74 -0.996 B+ WFD
Or 6158.19 10.74 -0.409 B+ WFD
Or 7771.94 915 0354 A  FFT 8.54 8.76
O1 777417 915 0207 A  FFT 8.75 8.86
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Table 7. continued.

log X/H + 12 (NLTE)

1 2 13 14 15 16 7 18 19 20
lon 1(A)  x(eVv) loggf Acc. Src. HD36512 HD36822 HD36960 HD205021 HD209008 HDABEOHD3360 HD16582 HD34816 HD160762
Or 777539 015 -0015 A  FFT 8.68 8.78
O1 844625 952 -0468 B  FFT 8.91
Or 844636 952 0231 B  FFT
O1 8446.76 952 0009 B  FFT
On 3907.45 25.65-0.879 B+ FFT 8.69 8.82 8.68 8.68 8.67
On 3911.96 25.66 —-0.014 B+ FFT 8.66 8.64 8.63 8.48 8.93 8.77
On 3912.12 25.66 -0.907 B+ FFT
On 3945.04 23.42 -0.711 B+ FFT 8.74 8.64 8.61 8.57 8.80
On 4069.62 2563 0.144 B FFT 8.71 8.60 8.71 8.69 8.81 8.84 8.86 8.83 8.73 8.69
On 4069.88 2564 0.352 B FFT
Oun 4072.72 2565 0528 B FFT 8.70 8.70 8.77 8.61 8.88 8.89 8.90 8.86 8.64 8.87
On 4075.86 2567 0.693 B FFT 8.68 8.68 8.77 8.64 8.94 8.81 8.89 8.89 8.67 8.95
On 4078.84 2564 -0.287 B+ FFT 8.81 8.70 8.77 8.70 8.89 8.78 8.88 8.74 8.76
On 4129.32 2584 -0.943 B+ FFT 8.86 8.81 8.79 8.71 8.80 8.77 8.94
On 4132.80 25.83 -0.067 B+ FFT 8.69 8.62 8.63 8.57 8.71 8.80 8.78 8.74 8.78
On 415330 2584 0.070 B FFT 8.71 8.75 8.65
On 415653 25.85-0.706 B+ FFT 8.96 8.77 8.83 8.82 8.80 8.97
On 418545 28.36 0.604 D WFD 861 8.58 8.53 8.42 8.75 8.62 8.73 738. 857 8.80
On 419251 28.51-0470 D WFD  8.79 8.71 8.70 8.71 8.87 8.70 8.71
On 4196.70 28.51-0.726 D  WFD 8.80
On 4317.14 22.97 -0.368 B+ FFT 8.74 8.72 8.73 8.66 8.86 8.89 8.89 8.85 8.74 8.96
On 4319.63 22.98 -0.372 B+ FFT 8.75 8.74 8.74 8.71 8.69 8.85 8.73 8.79 8.72 8.80
On 432576 22.97 -1.095 B  FFT 8.83 . 8.85 8.85 8.97
On 4327.46 2851 0.056 D  WFD 8.65 8.52 8.85 8.68
On 432859 28.83-0202 D  WFD 8.65 8.52 8.87 8.69
On 4331.86 28.51-0.136 D  WFD 8.75 8.80
On 4336.86 22.98 -0.748 B+ FFT 8.76 8.75 8.68 8.77 8.75 8.77
On 434556 22.98 -0.342 B+ FFT 8.71 8.78 8.70 8.85 8.93 8.85 8.88 8.74
On 4347.22 2566 -0.896 B+ FFT 8.78 8.63 8.65 8.52 8.83 8.82
On 4347.41 2566 0.001 B FFT
On 4349.43 23.00 0.073 B FFT 8.82 8.80 8.77 8.86 8.86 8.85 8.87 8.77 8.77
On 435126 2566 0.202 B FFT 8.75 8.60 8.65 8.49 8.78 8.89 8.80 8.79 8.72
On 4351.46 2566 -1.013 B  FFT
On 4366.89 23.00-0.333 B+ FFT 8.79 8.73 8.77 8.79 8.73 8.80 8.85 8.80 8.67 8.73
On 4369.28 26.23 -0.383 B+ FFT 8.75 8.62 8.57 8.48 8.88 8.61 8.63 8.68 8.63 8.90
On 4414.90 23.44 0207 B FFT 8.90 8.63 8.67 8.55 8.63 8.80 8.69 74 8. 8.68 8.67
On 4416.97 23.42 -0.043 B  FFT 8.92 8.70 8.69 8.62 8.95 8.79 8.84 8.82 8.75 8.82
On 444301 28.36-0.047 D WFD  8.69 8.59 8.63 8.55 8.67 8.88 8.74 8.63
On 444819 2836 0083 D WFD 887 8.74 8.73 8.60 8.73 879 287 877 8.98
On 445238 23.44 -0.767 B FFT 8.88 8.74 8.72 8.63 8.84 8.71 8.85 8.71 8.76 8.78
On 4590.97 2566 0.331 B FFT 8.75 8.61 8.61 8.59 8.91 8.82 8.71 8.81 8.65 8.76
On 4595.96 25.66 -1.022 B  FFT 8.76 8.63 8.62 8.55 8.81 8.80 8.79 8.66 8.81
On 4596.18 2566 0.180 B8 FFT
On 4661.63 22.98 -0.269 B+ FFT 8.85 8.85 8.85 8.87 8.73 8.96 8.86 8.89 8.82 8.77
On 4696.35 23.00-1.377 B  FFT 8.95 8.88 8.73 8.79 8.84 8.88 8.90 8.79
On 4699.01 2851 0418 D WFD 873 8.58 8.59 8.51 8.88 8.69 8.65 708. 8.64 8.73
On 4699.22 2623 0.238 B FFT
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Table 7. continued.

log X/H + 12 (NLTE)

1 2 13 14 15 16 7 18 19 20
lon 1(A)  x(eVv) loggf Acc. Src. HD36512 HD36822 HD36960 HD205021 HD209008 HDABEOHD3360 HD16582 HD34816 HD160762
On 470118 28.83 0088 C _ WFD 8.54 8.75 857 ..
On 4703.16 2851 0262 D WFD  8.63 8.55 8.55 8.47 8.81 871 ... 8.74
On 470535 2625 0533 B FFT 8.82 8.60 8.64 8.53 8.78 8.73 8.72 8.69 8.62 8.71
On 4890.86 26.30 -0.470 B+ FFT 8.70 8.70 8.73 8.70 8.78 8.82 8.78 8.68
On 4906.83 26.30 -0.157 B+ FFT 8.70 8.73 8.74 8.71 8.82 8.80 8.92 8.86 8.89
On 4941.07 2655 0.018 B FFT 8.56 8.57 8.56 8.48 8.63 8.60 8.75 8.62 8.69
On 494301 2656 0.307 B FFT 8.73 8.56 8.57 8.50 8.61 8.70 8.64 8.57 8.81
On 5206.65 26.56 -0.159 B+ FFT 8.61 8.55 8.55 8.56 8.71 8.88 8.76 8.68
On 6721.39 23.44 -0.625 B+ FFT 8.77 8.68 8.75 8.75 8.87 8.88 8.90 8.73
Ner 6030.00 16.67 -1.026 B  FFT 8.20 8.30 8.24 8.26 8.09
Ner 6074.34 16.67 —-0.473 B+ FFT 8.28 8.00 8.09 8.12 8.09 8.03
Ner 6096.16 16.67 —-0.272 B+ FFT 7.93 8.06 8.11 8.08 8.11
Ner 6143.06 16.62 -0.070 B+ FFT 8.12 8.08 8.07 7.88 8.02 8.01 7.96 8.26 7.98
Ner 6163.59 16.72 -0.598 B+ FFT 8.01 8.28 8.12 8.08 8.08
Ner 6217.28 16.62 -0.943 B  FFT 7.99 8.09 8.07 8.08 8.04
Ner 6266.50 16.72 -0.331 B+ FFT 8.16 8.04 8.29 8.11 8.06 8.03
Ner 6304.79 16.67 -0.873 B  FFT 8.17 8.02 8.13
Ner 6334.43 16.62 -0.277 B+ FFT 7.99 8.10 8.09 8.01 7.99
Ner 6382.99 16.67 —-0.205 B+ FFT 8.36 8.06 7.95 8.15 7.98 8.09
Ner 6402.25 16.62 0.365 B FFT 8.07 7.96 7.83 8.01 7.97 7.89 8.18 7.90
Ner 6506.53 16.67 —-0.002 B+ FFT 8.08 7.97 8.14 8.07 8.05 8.03
Ner 6717.04 16.84 —0.346 B+ FFT 8.18 8.00 8.21 8.08 8.13
Ner 7032.41 16.62 -0.222 B+ FFT 8.13 8.19 8.04 7.97 8.06
Nen 4150.69 34.64 —-0.019 B  BOS 8.13 8.19
Nen 4220.89 34.62 -0.179 B  BOS 7.99 7.95 8.02 8.06
Nen 4221.09 34.62 -0.774 B BOS
Nen 4231.53 34.62 -0.087 B  BOS 8.16 8.29 8.16
Nen 4231.64 34.62 -0.262 B  BOS
Nen 4233.85 3462 0.362 B  BOS 8.01 8.04 8.14 18.1
Nen 4239.92 34.63 -0.856 B  BOS 8.22
Nen 4240.10 34.63 -0.089 B  BOS
Nen 4250.65 34.63 0.107 B  BOS 8.13 8.10 8.07
Nen 4391.99 3474 0.908 B  BOS 8.16 8.04 8.13 8.08 17 8.

Nen 4412.59 34.74 0.046 B  BOS

Nen 4413.10 34.83 -0.395 B  BOS 8.12 7.93 8.25 8.24 8.23

Nen 4413.13 34.86 -0.775 B  BOS

Nen 4413.22 3486 0522 B  BOS

Nen 4421.39 34.84 0.158 B  BOS 8.03 7.95 8.25 18.2

Nen 4498.93 34.81 -0.174 B  BOS 8.19 8.03 8.31 8.27

Nen 4499.12 34.81 -0.094 B  BOS

Nen 4522.72 3493 0.154 B  BOS 8.14 8.06 8.10 28.1

Nen 4534.52 34.81 -0.323 B BOS 8.07 7.91 8.08

Nen 4534.64 3481 0542 B  BOS

Nen 4569.06 34.93 0.123 B  BOS 8.14 o
Mgu4384.64 10.00 -0.792 B+ FW 7.56 7.53 7.58 7.52 7.57
Mgu4390.51 10.00 -1.703 D  FW 7.54 7.46 7.51 7.52 7.54
Mgu4390.57 10.00 -0.530 B+ FW
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Table 7. continued.

log X/H + 12 (NLTE)

1 2 13 14 15 16 7 18 19 20
lon 1(A)  x(eVv) loggf Acc. Src. HD36512 HD36822 HD36960 HD205021 HD209008 HDABEOHD3360 HD16582 HD34816 HD160762
Mgu4433.99 10.00 -0.900 G- FW 753 7.59 7.62 . 7.50
Mgu4481.13 8.86 0.730 B FW 7.50 7.54 7.62 7.53 7.41 7.60 7.59 7.52 7.60 7.64
Mgu4481.15 8.86 -0.570 B+ FW
Mgu4481.33 8.86 0575 B FW
Mgn7877.05 10.00 0.390 € WSM . 7.52
Sim 4552.62 19.02 0.284 € BB90 7.54 7.46 7.49 7.65 7.48 7.51 7.55
Sim 4567.84 19.02 0.060 € BB90 7.57 7.37 7.47 7.53 7.43 7.58 7.45
Sim 4574.76 19.02 -0.417 G- BB90 ... 7.56 7.40 7.49 7.55 7.50 7.61 7.50
Sim 5739.73 19.72-0.102 B BB90  7.49 7.57 7.52 7.51 7.45 7.51 7.59 7.52 7.47 7.55
Siiv 4116.10 24.05-0.105 B BBY90  7.59 7.56 7.61 7.35 . 7.60 7.69 7.58 7.51
Fen 4178.86 258 -248 C  FMW 7.57
Fen 4233.17 258 -200 C  FMW 7.55
Fen 4303.17 2.70 -249 C  FMW 7.56
Fen 4351.76 2.70 -210 C  FMW 7.46
Fen 4508.28 2.86 -231 D KB
Fen 451534 2.84 -248 D FMW 7.47
Fen 4520.22 2.81 -260 D FMW 7.55
Fen 4522.63 2.84 -211 C KB 7.47
Fen 4549.47 2.82 -175 C  FMW 7.47
Fen 4555.75 2.83 -232 D KB 7.54
Fen 4576.34 2.84 -3.04 D FMW
Fen 4582.83 2.84 -310 C FMW 7.61
Fen 4583.83 2.81 -2.02 D FMW 7.62
Fen 4629.33 281 -237 D FMW 7.51
Fen 4923.92 2.89 -132 C FMW 7.59
Fen 5018.44 2.89 -122 C  FMW 7.38 7.57
Fen 5169.03 2.89 -0.87 C  FMW 7.45 7.42 7.36
Fen 5197.57 323 -223 C KB 7.61
Fen 5234.62 322 -215 C KB
Fen 5316.61 3.15 -1.85 C  FMW 7.65 7.40
Fem 3947.00 14.18 -1.860 X KB 7.58
Fem 4005.04 11.58 -1.755 X KB 7.37 7.50
Fem 4039.16 11.58 -2.349 X KB 7.47 7.66 7.51
Fem 4053.11 20.61 0.261 X KB 7.54 7.52 7.61 7.70 760 . ..
Fem 4081.01 20.63 0.372 X KB 7.47 7.44 7.55 7.52
Fem 4122.03 20.60 0.406 X KB
Fem 4122.78 20.60 0.360 X KB 7.48
Fem 4137.76 2061 0.630 X KB 7.37 7.54 7.43 7.54 7.50 7.52
Fem 4139.35 20.61 0520 X KB 7.45
Fem 4164.73 20.63 0.923 X KB 7.49 7.45 7.45 7.39 761 527.  7.66
Fem 4166.84 20.63 0.409 X KB 7.53 7.43 7.44 7.59 7.56 754 557 7.62
Fem 4238.62 20.88 0.127 X KB 7.44 7.59 7.42 567
Fem 4296.85 22.86 0.879 X KB 7.55 7.47 7.55 7.56 7.50 7.54 7.54 7.60 7.56
Fem 4296.85 22.86 0.418 X KB
Fem 4304.75 22.86 0.377 X KB 7.58 7.57 7.64 7.56 7.47
Fem 4304.75 22.86 -0.699 X KB
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Table 7. continued.

log X/H + 12 (NLTE)
1 2 13 14 15 16 7 18 19 20
lon 1(A)  x(eVv) loggf Acc. Src. HD36512 HD36822 HD36960 HD205021 HD209008 HDABEOHD3360 HD16582 HD34816 HD160762
Fem 4304.77 22.86 1.027 X KB

Fem 4310.36 22.87 1.156 X KB e . 7.44 7.53 7.45 7.57 7.58 763 .. . 7.57
Fem 4310.36 22.87 0.189 X KB

Fem 4352.57  8.25 -2.870 X KB e . . . 7.44 . . e . 7.41
Fem 4372.04 2291 0.585 KB 7.55 e e e e . 7.61 7.58 7.60

Fem 4372.10 2291 0.029
Fem 4372.13 2291 0.727

X
X

X z

Fem 4372.31 2291 0.865 X KB o
Fem 4372.31 2291 0.193 X KB >
Fem 4372.50 2291 0.200 X KB 5]
Fem 4372.54 2291 0.993 X KB S
Fem 4372.78 2291 0.040 X KB 7.59 7.55 7.50 7.49 7.58 7.61 Ro
Fem 4372.82 2291 1112 X KB <
Fem 4419.60 8.24 -2.218 X KB 7.54 7.39 7.40 7.43 7.40 7.51 7.45 7.41 7.39 2
Fem 4431.02 825 -2572 X KB 7.53 7.50 7.59 7.48 7.44 7.54 3
Fem 5063.42 8.65 -2.950 X KB 7.41 7.51 7.68 7.43 =
Fem 5073.90 8.65 -2.557 X KB 7.36 7.50 7.59 7.42 7.66 7.61 7.46 a
Fem 5086.70 8.66 —-2.590 X KB 7.47 7.61 7.41 7.62 =
Fem 5127.39 8.66 -2.218 X KB 7.53 7.38 7.42 7.48 7.47 7.40 7.45 @
Fem 5127.63 8.66 -2.564 X KB 2
Fem 5156.11 8.64 —2.018 X KB 7.54 7.40 7.42 7.59 7.51 7.46 7.47 7.40 o
Fem 5193.91 8.66 -2.852 X KB 7.60 7.67 7.55 7.61 7.45 <
Fem 5235.66 18.27 -0.107 X KB 7.66 7.60 7.48 8
Fem 5243.31 1827 0.405 X KB 7.62 67.5 3
Fem 5272.37 18.26 -0.421 X KB 7.60 7.70 &
Fem 5276.48 18.26 —0.001 X KB 7.71 7.67 &
Fem 5282.30 18.27 0.108 X KB 7.55 7.62 S
Fem 5284.83 2231 0472 X KB 7.67 §
Fem 5298.11 22.31 0.367 X KB 7.60 7.65 7.64 7.69 B
Fem 5299.93 18.26 -0.166 X KB 7.62 7.69 7.58 3
Fem 5306.76 18.26 -0.341 X KB 7.60 =1
Fem 5833.94 1851 0.616 X KB 2
Fem 5999.54 18.82 0.355 X KB 7.56 7.51 e
Fem 6036.55 22.54 0.790 X KB 3
Fem 6048.71 2254 0.659 X KB 5
©

Notes. accuracy indicators — uncertainties within: AA: 1%; A: 3%;%; C: 25%; D: 50%; E: larger than 50%; X: unknown w
sources ofyf-values — B08: K. Butler (priv. comm.), from Breit-Pauli Ratnix calculations as outlined in Morel & Butler (2008); B&8Becker & Butler (1989); BB90: Becker & Butler (19@);
BMZ: Butler et al. (1993); CA: Coulomb approximation, Ba&®amgaard (1949); FFT: Froese Fischer & Tachiev (2004); IFFiioese Fischer et al. (2006); FMW: Fuhr et al. (1988); F\WhiF

& Wiese (1998); KB: Kurucz & Bell (1995); MAR: Mar et al. (20pOMELZ: Mendoza et al. (1995); MERLR: Matheron et al. (2004P2: Nahar (2002); N86: Nussbaumer (1986); WFD: Wiese
et al. (1996); WSM: Wiese et al. (1969)
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Table 8. Example of abundance changes caused by atmospheric param-
eter variations for HD 886.
this work: max. uncertainties literature: typical uncerties
A(A)  ATs Alogg AE ATz Alogg AE
+400K +0.05dex+1kms? [+1000K+0.10dex+4kms?

Orn
6156.0 +0.03 +0.00 +0.00 +0.08 +0.00 +0.01
6156.8 +0.04 +0.00 +0.01| +0.09 +0.00 +0.02
6158.2 +0.03 +0.00 +0.01 +0.08 +0.00 +0.02
7771.9 +0.03 +0.01 -0.04 +0.09 +0.04 -0.12
7774.2 +0.03 +0.01 -0.03 +0.09 +0.04 -0.13
7775.4 +0.03 +0.01 -0.04 +0.08 +0.04 -0.13
8446.6 +0.05 +0.00 -0.07 +0.14 +0.00 -0.12

Oum:
4072.7 -0.11 +0.03 -0.09 -0.25 +0.13 -0.29
4075.9 -0.12 +0.04 -0.11 -0.27 +0.15 -0.34
4078.8 -0.09 +0.03 -0.05 -0.21 +0.13 -0.14
4129.3 -0.05 +0.03 -0.01 -0.13 +0.09 -0.03
4132.8 -0.09 +0.04 -0.05 -0.22 +0.14 -0.14
4156.5 -0.07 +0.03 -0.03 -0.17 +0.12 -0.07
4185.5 -0.10 +0.03 -0.05 -0.24 +0.12 -0.16
4192.5 -0.07 +0.03 -0.02 -0.16 +0.10 -0.03
4317.1 -0.09 +0.04 -0.07 -0.23 +0.15 -0.23
4319.6 -0.07 +0.04 -0.08 -0.18 +0.14 -0.30
4325.8 -0.09 +0.04 -0.04 -0.21 +0.16 -0.10
4327.5 -0.10 +0.05 -0.02 -0.23 +0.20 -0.03
4328.6 —0.09 +0.05 -0.02 -0.23 +0.20 -0.02
4336.9 -0.13 +0.05 -0.04 -0.31 +0.23 -0.08
4345.6 -0.12 +0.05 -0.05 -0.29 +0.20 -0.13
4347.4 -0.13 +0.06 -0.05 -0.31 +0.25 -0.11
4349.4 -0.12 +0.06 -0.08 -0.28 +0.22 -0.26
4351.3 -0.11 +0.06 -0.05 -0.27 +0.21 -0.14
4366.9 -0.12 +0.04 -0.09 -0.29 +0.17 -0.30
4369.3 -0.10 +0.03 -0.04 -0.22 +0.13 -0.09
44149 -0.10 +0.04 -0.08 -0.24 +0.15 -0.26
4417.0 -0.09 +0.03 -0.06 -0.22 +0.12 -0.19
4443.0 -0.09 +0.03 -0.03 -0.21 +0.13 -0.07
4448.2 -0.09 +0.03 -0.04 -0.22 +0.12 -0.09
4452.4 -0.09 +0.03 -0.05 -0.21 +0.12 -0.14
4591.0 -0.11 +0.04 -0.07 -0.26 +0.15 -0.22
4596.2 -0.10 +0.04 -0.06 -0.25 +0.14 -0.17
4696.4 -0.07 +0.03 -0.03 -0.17 +0.12 -0.06
4699.1 -0.10 +0.04 -0.04 -0.25 +0.14 -0.11
4701.2 -0.09 +0.03 -0.03 -0.22 +0.12 -0.07
4703.2 -0.10 +0.03 -0.04 -0.23 +0.13 -0.09
4705.4 -0.11 +0.04 -0.06 -0.26 +0.14 -0.19
4890.9 -0.09 +0.04 -0.04 -0.22 +0.14 -0.08
4906.8 -0.10 +0.03 -0.04 -0.23 +0.14 -0.11
4941.1 -0.10 +0.03 -0.04 -0.23 +0.14 -0.10
4943.0 -0.11 +0.03 -0.05 -0.25 +0.14 -0.14
5206.7 -0.10 +0.04 -0.04 -0.24 +0.14 -0.09
6721.4 -0.11 +0.05 -0.04 -0.27 +0.17 -0.08

Si:
4552.6 -0.07 +0.03 -0.13 -0.18 +0.06 -0.45
4567.8 -0.08 +0.03 -0.12 -0.19 +0.06 -0.41
4574.8 -0.07 +0.04 -0.09 -0.17 +0.07 -0.32
5739.7 -0.09 +0.04 -0.09 -0.21 +0.08 -0.26
Siv:
4116.1 -0.18 +0.09 -0.08 -0.42 +0.17 -0.21

Notes. Values are indicated in dex, relative to our final resultd(@&).
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Fig. 7. Metal abundances as a function fiieetive temperature (left) and of surface gravity (righgople stars from the present work are indicated
by dots, data from NS11 by open circles. Error bars are statido-uncertainties. Average abundances from the combinedlsarape indicated
by the dashed line, the dotted lines delineate thestatter around the average value. See Sect. 5.2 for a slisous



