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ABSTRACT

Context. Nitrogen is a key element to test the impact of rotational mixing on evoluyomardels of massive stars. Recent studies
of the nitrogen surface abundance in B-type stars withinMh&FLAMES survey of massive stansve challenged part of the
corresponding predictions. To obtain a more complete picture of neastiv evolution, and to allow for further constraints, these
studies need to be extended to O-stars.

Aims. This is the second paper in a series aiming at the analysis of nitrogenaaingsdn O-type stars, to enable further constraints on
theearly evolutionof massive stars. In this paper, we investigate the058 emission line formation, provide nitrogen abundances
for a substantial O-star sample in the Large Magellanic Cloud, and cenopar(preliminary) findings with recent predictions from
stellar evolutionary models.

Methods. Stellar and wind parameters of our sample stars are determined by lifile fitbng of hydrogen, helium and nitrogen
lines, exploiting the corresponding ionization equilibria. Synthetic speatraaculated by means of the NLTE atmosplsrectrum
synthesis codesstwinbp, Using a new nitrogen model atom. We derive nitrogen abundanc@® f0r and 5 B-stars, by analyzing all
nitrogen lines (from dferent ionization stages) present in the available optical spectra.

Results. The dominating process responsible for emission a¥058 in O-stars is the strong depopulation of the lower level of the
transition, which increases as a function\vf Unlike the Nu triplet emission, resonance lines do not play a role for typical mass-loss
rates and below. We find (almost) no problem in fitting the nitrogen lines, iicpkar the ‘f’ features. Only for some objects, where
lines from Nmi/N 1v/N v are visible in parallel, we need to opt for a compromise solution.

For five objects in the early Bate O-star domain which have been previously analyzedfigrdint methods and model atmospheres,
we derive consistent nitrogen abundances. The bulk of our samglar®seems to be strongly nitrogen-enriched, and a clear correla-
tion of nitrogen and helium enrichment is found. By comparing the nitr@deemdances as a functionwsin i (Hunter-plot’) with
tailored evolutionary calculations, we identify a considerable numbkigbily enriched objects at low rotation.

Conclusions. Our findings seem to support the basic outcome of previous B-star stwifén the VLT-FLAMES survey. Due to the
low initial abundance, the detection of strong Nitrogen enrichment in thedfulk-stars indicates thatfcient mixing takes place
already during the very early phases of stellar evolution of LMC O-samstighter constraints, however, upcoming results from the
VLT-FLAMES Tarantula surveyeed to be waited for, comprising a much larger number of O-stars ilidteranalyzed based on
similar methods as presented here.
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1. Introduction analyses that provide evidence for a characteristic emectt

. of helium and nitrogen in many early-type stars (reviewed by
One of the main products of the VLT-FLAMES survey of masg g 'Herrero 2003, Herrero & Lennon 2004 and Morel 2009).

sive stars (hereafter FLAMES I) was the determination of lightgeyeral recent studies based on the nitrogen diagnosties pe
element abundances from statistically significant samples ¢ormed within the FLAMES | survey have severely challenged
Galactic, Large and Small Magellanic Cloud (LMC, SMC) Byne predicted gects though. In this context, nitrogen is a key el-
stars, covering a broad range of rotational velocities. ement to test the predictions of rotational mixing, sinehibuld

_The inclusion of rotational mixing into massive star evobecome strongly enriched at the stellar surface of rapidly r
lution (e.g., Heger & Langer 2000; Meynet & Maeder 200Qating stars already in fairly early evolutionary phasehjlst
Brott et al. 2011a) brought better agreement with speodisc for slow rotation almost no enhancement should occur before
the red supergiant phase. Actually, a significant numbeotf b

* Based on observations collected at the European Southem-enriched fast rotators and highly enriched slow rosakave
Observatory Very Large Telescope, under programmes 68.0;03Been found within the population of LMC core-hydrogen burn-
171.D-0237 (FLAMES) and 67.D-0238, 70.D-0164, 074.D-010fhg objects (Hunter et al. 2008a, 2009; Brott et al. 2071b).

(UVES). _ _ _ These results imply that standard rotational mixing mighhbt

** Appendix A, B and C are only available in electronic form at

httpy/www.edpsciences.org
1 see Evans et al. 2006 for an introductory publication and Evang as well as slowly rotating, highly enriched supergiants, discussed

et al. 2008 for a brief summary on the outcome of this project by Vink et al. (2010)
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dominant, angr that other enrichment processes might be de@# our results, and Sect. 7 summarizes our findings and conclu
sive as well (Brott et al. 2011b). sions.
To further constrain these findings and to provide a general
picture of massive star evolution, these studies need tocbe e
time-range where this enrichment takes place can be nadrowe
down, and one might be able to constrain the mixing scenagdl. The code

even better than it is possible from B-stars alone. In this re ) )
spect, the LMC is an ideal testbed, since the nitrogen heselfOr this work, we use a recently updated version (v10.1) ef th

abundance is low and even a strong enrichment is easier to nfd1osphergine formation coderastwino (see Santolaya-Rey
surgconfirm than, e.g., in the Milky way. etal. 1997 and Puls et al. 2005 for previous versions). Tdtec
Interestingly, most previous abundance studies of massf{aS Peen specifically designed for the optical and IR spectro

stars are strongly biased towards intermediate and eareyBy SCOPIC analysis of hot stars of spectral types early A to @ &
stars. Indeed, when inspecting the available literatuetatic counts for NLTE conditions, spherical symmetry and mass:lo

abundances, in particular of nitrogen, are scarcely foon®f The current version incorporates a variety of updates anrd im

stars. The situation for LMC objects is even worse, and data frovements compared with previous versions, which arélprie
only a few supergiants (Pauldrach et al. 1994; Crowther.et Smmarized in the following. _

2002; Evans et al. 2004) and giants (Walborn et al. 2004) are At first note thatrastwino differentiates between so-called
available. One of the reasons for this lack of informatiothist ‘€xplicit’ and ‘background’ elements, where the former drese

the determination of nitrogen abundances is a non-trigiskt Used as diagnostic tools (in the present context: H, He and N)
due to the complexity of NyN v line formation related to the @nd are treated with high precision, by detailed atomic risode
impact of various processes that are absent or negligiolecder @nd by means of comoving frame transport for the line transi-
spectral types where Nis the dominant ion. tions. The background elements (i.e., the rest) are uséyl fon

To provide more insight into this matter, we started a sthe line-blockingblanketing calculaﬂons,_and_have been trea_\te_d
ries of publications dealing with nitrogen spectroscopydin SO far by means of the Sobolev approximation. Though this is
type stars. In the first paper of this series (Rivero Gonzelet. eéasonable in the wind regime, the Sobolev approximatien be
2011, hereafter Paper 1), we concentrated on the formation@mes doubtful in regions where the velocity field is strgngl
the optical Nt emission lines at14634— 4640— 4642, which curved, wh|ch. is the case in the transition zone betweerpphot
are fundamental for the definition of thefidirent morphologi- SPhere and wind. As we have convinced ourselves, the induced
cal ‘f-classes (Walborn 1971b). It turned out that the azinal €rrors are not important for the background radiation fibldt,
explanation in terms of dielectronic recombination (Mamg they can have a certain influence on the temperature steuctur
Hummer 1973) no longer or only partly applies when modePplying the Sobolev approximation in regions with a strong
atmosphere codes including line-blockibgnketing and winds Velocity field curvature results, on average, in too strmgip-
are used. The key role is now played by the stellar wind, whi¢fiated upper levels of line transitions (see, e.g., Sayéekey
induces a (relative) overpopulation of the upper level efttan- €t al. 1997). In turn, this leads to overestimated heatitesra
sition, via pumping from the ground state rather than by dfy_h|ch can result_m too high temperatures in th_e transiten r
electronic recombination as long as the wind-strength rigela 910N (and sometimes even below). To avoid this problem, the
enough to enable a significantly accelerating velocity fald NEWFASTWIND Version treats also the most important lines from
ready in the photospheric formation region. the background elements in the comoving frame.

The main goal of the present paper is to provide nitrogen A second modification refers to thghotosphericline ac-
abundances for a considerable number of O-stars in the LM&leration. So far, this quantity (being important for theop
For this purpose, we use the corresponding sample from Mokidospheric density stratification — higher line accelergtiower
et al. (2007a, hereafter Mok07), mostly based on obsenatiglensity) has been calculated from the Rosseland opacitiesh
within the FLAMES | survey. So far, this is the largest sangfle iS strictly justified only at large optical depths. In the neevr-
O-stars studied in the LMC by means of quantitative hydrog&#on, an additional iteration cycle to calculate the phokesic
and helium line spectroscopy, and allows us to determime-nitStructure is performed, now by using tflex-weightedmean
gen abundances for a significant number of objects. Howevi@m the current NLTE opacities.
its size is still not comparable with the amount of correspon By calculating a large grid of OB-star models, and compar-
ing B-stars, and does not allow us to extend the B-star mesuhg with solutions from the previousstwinp version, it turned
(that challenged rotational mixing) towards the O-star dimm out that both improvementstact mostly dwarf@iants in the
in a statistically sfficient way. Rather, it will yield a first im- effective temperature range 30 kK Ter < 35 kK. In par-
pression on potential problems. A statistically significanal- ticular the optical Ha lines become stronger, mostly due to
ysis will become possible within the VLT-FLAMES Tarantulahe somewhat lower (electron-) densities. Interestintig is
survey (Evans et al. 2011, ‘FLAMES II'), which provides anunjust the domain where previousstwino solutions showed the
precedented sample of ‘normal’ O-stars and emission-tims s largest deviations from other codes ($imDiaz & Stasihska

This paper is organized as follows. In Sect. 2, we descrig08). Comparing the new structures to results froemsry, ex-
the tools used to determine nitrogen abundances, both thecgilent agreement has been found. For dwgidsits with éfec-
mospheric code and the nitrogen model atom. In particular, ive temperatures outside the ‘problematic’ region, andafi
study the formation of the N.14058 emission line in parallel supergiants, the fierences to previous results from earlieyr-
with the Niva6380 absorption line. Sect. 3 presents the stellannp versions are small.
sample and the observations used within this study. Theeproc The last major improvement concerns the implementation
dure to determine stellar and wind parameters togetherniith of dielectronic recombination, both for the background &rel
trogen abundances is outlined in Sect. 4. In Sect. 5, we catnmexplicit elements, and was already described and sucdgssfu
in detail on the individual objects. Sect. 6 provides a distan tested in Paper I.



J.G. Rivero Gonzlez et al.: Surface nitrogen abundances for O-stars in the Largelldiaig Cloud

2.2. The nitrogen model atom putations by Ramsbhottom et al. (1994). Transitions witrdmst
) ] . tailed data and collisional ionizations are treated asin N

To perform our analysis, we implemented a new nitrogen model photojonization cross-sections have been taken from cal-

atom intorastwinp, consisting of the ionization stagesuNO  jjations by Tully et al. (1990), via TOPbas¢he OPACITY

Nv, which has already been used for the calculations performpq)ject on-line database (Cunto & Mendoza 1992). For edcite

in Paper I. The level structures of bothrNand Nv have been |oyels with no OPACITY Project data available (5@, 593G,

taken from thevm-basic atomic database (Pauldrach et al. 199455 1S, and 6¢’G, see Table A.2), resonance-free cross-sections
are used, provided in terms of the Seaton (1958) appro>amati

Nu has been adapted tastwio from a previous model ion, ywth parameters from them-basic database. Finally, the most

developed by Becker & Butler (1989). We had no intention tgPortant dielectronic recombination and reverse ioftzgpro-
esses are implicitly accounted for by means of exploithmy t

develop a ‘perfect’ Mi model, since most of our analyses OleaE)PACITY Project photo cross-sections. Only for the few lev-

with O-star spectra where iNbecomes invisible, and partic- X X . e
ularly because N. Przybilla and co-workers have already co‘?"s. with no such data available, we apply the ‘explicit’ neth

structed such a model (based on an earlier version, seeiﬂhzylﬁ‘s'ng the stabilizing wransitions on top of resonance-fikato

& Butler 2001) which will be incorporated into our code aftePrO_Sg’éz.eCCt'on (see, e.g., Paper I), with corresponding fram
release. However, a series of tests were performed to ettgire™™ Ic.

goodness of the model ion, see Sect 2.2.1.

For Nu, we consider 50 LS-coupled terms, up to princiNv. Our model of this lithium-like ion (one doublet spin sys-
pal qguantum numben = 4 and angular momentuin = 3, tem) consists of 27 levels, including LS-coupled and packed
where all fine-structure sub-levels have been packed. IBdtaiterms up ton = 7 andl = 6 (see Table A.3 for details and
information about the selected levels is provided in Tablé AFig. A.3 for a Grotrian diagram). All allowed electric dipota-
and Fig. A.1. We account for some hundred permitted electdéative transitions are accounted for, with a total numiderG2
dipole radiative transitions. For the bulk of the transiiposcil- radiative bound-bound transitions and oscillator stresdtom
lator strengths are taken from calculations performed lgkBe wwm-basic. Collisional excitations and ionizations are teat
& Butler (1989), but for some transitions related to strong Nas in Ni, whilst photo cross-sections (in terms of the Seaton
lines oscillator strengths have been taken from Ni&RRdiative 1958 approximation) have been taken fromshebasic atomic
intercombinations are neglected. Roughly one thousani@ cotlatabase.

_sional bound-bound transitions are considered, with spoed- o, complete nitrogen model atom (fromiNo Nv) comprises
ing rates using the van Regemorter (1962) approximatiohén t;7g | 5.coupled levels, with more than 1100 radiative andemor
radiatively permitted case and following the semi-empirex-  than 3800 collisional bound-bound transitions. To calieuthe
pression by Allen (1973) in the forbidden one. Radiative-i0nina| synthetic profiles, Voigt profiles are adopted, with tcah
ization cross sections have been derived by Becker & Butlghelengths according to NIST, radiative damping pararaete
(1989), and adapted to the representation suggested byrSegby, the Kurucz databageand collisional damping parameters

(1958). Collisional ionization cross-sections are calted Us- proadening by electron impact) computed according to @ewl
ing the Seaton (1962) formula in terms of the photoionizatioglgn)_ aby pact) P gto @y

cross-section at threshold.

. i o _2.2.1. Testing the Nu model ion
Nm has been already described in Paper I. In brief, it consists

of 41 packed terms up to = 6 and| = 4 (doublet and quartet TO test our somewhat simple iINmodel ion] we compared
system). synthetic line profiles with corresponding ones framusty

(Hubeny 1998) anderai/surrace (Giddings 1981; Butler &
Giddings 1985), the latter based on the newly developed N
Niv. Also this model ion consists of 50 LS-coupled termamodel by Przybilla et al. (see Sect. 2.2).
up to principal quantum number = 6 and angular momen- A summary of the various tests is provided in Table 1. We
tum | = 4, with all fine-structure sub-levels packed into onetarted by comparing with line profiles from the BSTAR2006
term. Table A.2 provides detailed information about the senodel grid (Lanz & Hubeny 2007). This grid has been calcdlate
lected levels. Two spin systems (singlet and triplet) agated using the model atmosphere cadesty (Hubeny 1988; Hubeny
simultaneously (Fig. A.2). All allowed electric dipole fad & Lanz 1995), a code that assumes plane-parallel geomstry, h
tive transitions between the 50 levels are considered, dis werostatic and radiative equilibrium, and calculates lin@nketed
as radiative intercombinations, with a total of 520 trdos#. NLTE model atmospheres and corresponding synthetic psofile
Corresponding oscillator strengths have been drawn frédinerei Due to its restrictions, only objects with negligible winzimn be
NIST when available or otherwise from thes-basic databask. analyzed.
Furthermore, we consider roughly one thousand bound-bound we used this grid of models as reference because it covers
collisional transitions between all levels, witffective collision the parameter range at whichiufN 1 are the dominant ioniza-
strengths among the 12 lowest LS-states from R-matrix cofijpn stages, and the iNlines are clearly visible in the synthetic
spectra. In addition, the BSTAR2006 grid has been used in nu-
3 httpy/www.nist.goyphyslaidataasd.cfm, firstly described in Merous studies aiming at the determination of stellar abnoes
Kelleher et al. (1999) and parameters in B-stars (e.g., Lanz et al. 2008).
4 see Pauldrach et al. (1994). In brief, the atomic structure sode .
pErsTRUCTURE (Eissner & Nussbaumer 1969; Eissner 1991) has been httpy/cdsweb.u-strasbg/fopbasgopbase.html
used to calculate all bound state energies in LS and intermediate col- www.pmp.uni-hannover.degi-biryssjtestkuruczsekur.html
pling as well as related atomic data, particularly oscillator strengths in? important, e.g., for our comparison with B-star nitrogen abundances
cluding those for stabilizing transitions. from alternative analyses, see Sect. 6.2
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Table 1.Nu test series (see text). Figures B.2 and B.4 show that the agreement between the
FW and Prz profiles is excellent, which leaves us with the con-
clusion that there might be problems in thaiMtomic data

Series  Atomic model ~ Photospheric  NLlige formation used in the BSTAR2006 grid. Important studies usingsry

stratification have been carried out during the past years (e.g., Duftoh et a
FW ~ seeSect. 2.2 rastwmp FASTWIND 2006; Trundle et al. 2007; Hunter et al. 2009), including the
Fw2 see Sect. 2.2 TLUSTY FASTWIND

determination of Nt abundances in LMC and SMC B-stars.
Actually, these studies utilized aftirent model atom, devel-
oped by Allende Prieto et al. (2003), which has been tested by
N. Przybilla at our request, with a positive outcome. Thhs, t
aforementioned analyses should be free from uncertairgies
Igted to a potentially indticient atomic model.

TL TLUSTY TLUSTY TLUSTY
Prz Przybillaetal. Krucz DETAIL/SURFACE

A grid of rastwinp models has been calculated, covering th
temperature range 20 kK Te¢ < 30 KK, using a typical step
size of 2.5 kK, and gravities representative for dwarfs aRd ® 3. pjagnostic nitrogen lines in the optical
ants. SincerLusty does not account for the presence of a wind,
we used negligible mass-loss ratés= 107°... 10719 Myyr-1. Table 2 presents a set of 51 nitrogen lines visible in the-opti
Becauseaastwinp allows for employing external photosphericcal (and adjacent) spectra of OB-stars, along with the iposit
structures, we created a second grid usingthary photo- of potential blends. Included are the connected levels {for
spheric structure, smoothly connected to the wind strecasr responding term designations, see Appendix A) and multiple
calculated bysastwinp, with the usuals velocity law. For con- numbers, to provide an impression of how much independent
sistency with therLusty grid, all models have been calculatedines are present.
with the ‘older’ solar nitrogen abundance, [N]7.92 (Grevesse Lines from Nu (visible in the spectra of B and late O-stars)
& Sauval 1998), where [N} log N/H + 12 with respect to par- have been selected after careful comparisons with proféés c
ticle numbers. Note that all tests have been performed Wweh tculated by N. Przybilla (priv. comm., see Sect. 2.2.1). Gnig
complete nitrogen model atom involving the ionsiltb Nv as of the suggested lines, NA3995, is completely isolated, and
described in Sect 2.2. remains uncontaminated even at high rotation rates. Mereov

It turned out that there are largefidirences between the syn.this is one of the strongestNlines located in the optical re-
thetic Nu line profiles calculated byLusty (TL) andrastwino  gion, making it a good choice for deriving nitrogen abundgmc
(FW), even though the hydrogéelium lines agree very well Other useful lines are 5667 and15679, where the former is
(except for the forbidden component of Hehich is stronger moderately strong and the latter has roughly the same sireng
in FW-models). The latter code predicts stronger profiles, as Nud3995.
which is also true for theastwinp results based on theusrty The subset comprising lines fromiNhas been discussed
photospheric structure (FW2, see Figs. B.2 to B.7). in Paper |. Prominent lines from N, N1v and Nv are among

For dwarfs, there are almost ndfgirences between the prothe most well-known features in O-stars, and can be used to
files from the FW and FW2 models. This is readily understootfer nitrogen abundances as well dkeetive temperatures for
since the photospheric stratification of electron tempeeal,, the earliest subtypes, from the reaction of thev/N v ioniza-

and electron density)., are essentially the same (see Fig. B.1ion equilibrium? In a similar line of reasoning, Walborn et al.
panel 1, 3, 5), i.e sasTwino andtuusty predict the same struc- (2002) used the W24058 emission line in combination with

tures. N m1114634-4640-4642 to split the degenerate O3 spectral type
On the other hand, models for giants at higiigr display (Walborn 1971a) into three fierent types 02, O3, and 03.5, re-
(mostly) weak diferences. E.g., e = 27.5 kK and logg = 3.0 lying on the Niv/N m emission line ratid. Thus, a detailed un-
there is a small disagreement of the electron densitiesotoph derstanding and modelling of M14058 (together with the
spheric regionstgess < 10°9), even though the temperatured!iPlet, see Paper I) is mandatory, to safely employ this gtuv
agree quite well (Fig. B.1, panel 6). In particular, thesty and diagnostics. o »
thus the FW2 structure shows a lower electron density at opti- N1v44058 and Nv.16380 connect the ‘neighbouring’ levels
cal depths where the photospheric lines are formed, beafus®f the singlet series £2s3l with I=s,p,d (levels #8, 9, and 12

a higher photospheric radiative line pressure in this model N Table A.2). Niva4058 (if present) is observed in emission in
Because of the lower electron density, the lower recombin%e majority of stars, and has been suggested to be formed _by
tion rates (aff¢r = 27.5 KK, Nm is the dominant ion) lead to P! otospheric NLTE processes (see below) rather than by-emis
somewhat weaker N profiles in the FW2 models compared too'on 1N an extended atmo.sphere, n analogy to the Npl_et
emission. Note that there is no detailed analysis of theftine

the FW ones, see Fig. B.7. Neverthelesfedences to the pro- ;
: ; ; . mation process. So far, only Taresch et al. (1997) and Healp et
files as predicted by TL itself are still large, and we coneltitht (2006) simulated the behavior of this line as a function ef ef

theApZO;?]s?nh deenp;:eitgéiuz:eh:ascrllmvf/zecoor:gIp)na(r)(fa;hifrlsfen:m. Wfl{%ctive temperature. Heap et al. found emissiqn for this hh
spectra calculated by N. Przybilla (priv. comm.) for two affo & ~ 40,000K forlogg = 4.0 and [N]= 7.92, using the plane-

grid models, denoted by Prz in the following. These speatea a—
based on the NLTfine formation codeerai/surrace, and the temperatures based on Hand Hex line-strengths becomesflicult or

N.H model lon _recently developed by Przybllla etal.. We co Sven impossible, due to vanishing Hend rather insensitive Helines
sider this atomic model as the superior one in the preset¢xon rom T, = 45 kK on.

because largeffort on improving and testing the atomic data hass thjg classification scheme has been criticized by Massey et al.
been spent, and corresponding synthetic spectra perfeetish (2004, 2005) who found that for stars with similafegtive tempera-
high resolutiophigh signal-to-noise observations from variougure and surface gravity the /N m emission line ratio can vary over
B-stars (Przybilla et al. 2008). the full range as defined for O2 and 03.5.

At the earliest O-types the standard technique for derivifertve
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Table 2. Diagnostic nitrogen lines in the optical (and adjacent) spectrum of earlpd@©atype stars, together with potential blends.

lon Transition Multiplet Line Wavelength(A) Blends Used
No  N29-N216 12 1 3994.99 - +
N211 - N219 15 2 4447.03 D14446.81, 4447.67, 4448.19,1014447.79 +
N28 - N215 5 3 4601.47 ®14602.13, 4603.23, i 14604.18 +
N28 - N215 5 4 4607.16 ©@14609.44, 4610.20, hi 14605.16, Ner 14606.70  +
N28 - N215 5 5 4621.39 @14621.27, N 14621.04, 4623.05, $i14621.72 +
N28 - N215 5 6 4630.54 @ 24630.77, Nt 14630.61, Siv 14631.24 +
N28 - N215 5 7 4643.09 ©@14641.81, 4643.89, i 14641.85 -
N212 - N218 19 8 5005.15 @ 15006.84 -
N214 - N221 24 9 5007.33 @ 15006.84 -
N28 - N214 4 10 5045.10 i 15046.53 -
N28 - N212 3 11 5666.63 £15662.47 -
N28 - N212 3 12 5676.01 i A15679.55 -
N28 - N212 3 13 5679.55 N 15676.01 -
N28 - N212 3 14 5710.77 $i15707.20 -
N215 - N220 28 15 5941.65 MNA5940.24, Nu 15943.44 -
Nm  N320-N333 17 1 4003.58 14007.46 +
N38 - N310 1 2 4097.33 ®14097.26, 4098.24, H14101.74 +
N313 - N322 6 3 4195.76 ©14192.52, 4196.26, Sit 14195.59, Her 24200.00  +
N313 - N322 6 4 4200.07 He4200.00 -
N321 - N334 18 5 4379.11 D14378.03, 4378.43, @ 14379.47, N1 14379.59 +
N312 - N316 3 6 4510.88 i 14510.92, Ner 14511.42 +
N312 - N316 3 7 4514.86 @ 14513.83, Near 14514.88, Gu 14515.81, 4516.77 +
N312 - N316 3 8 4518.14 Nie14518.14, Qu 14519.62 +
N310 - N311 2 9 4634.14 Bi 14631.24, Qv 14632 +
N310 - N311 2 10 4640.64 D14638.86, Sin 14638.28 +
N310 - N311 2 11 4641.85 D14641.81, 4643.39, N 14643.08 +
N322 - N330 21 12 5320.82 DA15322.53 -
N322 - N330 21 13 5327.18 - -
N319 - N325 14 14 6445.34 - -
N319 - N325 14 15 6450.79 € 1644990 -
N319 - N325 14 16 6454.08 D16457.05, Nt 16457.68 -
N319 - N325 14 17 6467.02 - -
Nrv  N47-N410 1 1 3478.71 - +
N47 - N410 1 2 3482.99 - +
N47 - N410 1 3 3484.96 - +
N49 - N412 3 4 4057.76 @ 14056.06, 4059.56 +
N48 - N49 2 5 6380.77 @ 16378.34, 6383.30, DIB31 6376.08,6379.32 +
N413 - N416 5 6 5200.41 © 1519822 -
N413 - N416 5 7 5204.28 iv 1520515 -
N413 - N416 5 8 5205.15 N 1520428, On 1520665 -
N410 - N411 4 9 7103.24 - +
N410 - N411 4 10 7109.35 - +
N410 - N411 4 11 7111.28 - +
N410 - N411 4 12 7122.98 - +
N410 - N411 4 13 7127.25 - +
N410 - N411 4 14 7129.18 - +
Nv N53 - N54 1 1 4603.73 Ni 14604.18, 4605.16, iV 14606.33 +
N53 - N54 1 2 4619.98 Sit 14619.66, N 14621.04, 4623.05 +
N518 - N525 9 3 4943.17 © 1494129 -
N519 - N526 10 4 4943.97 © 1494129 -
N520 - N527 10.01 5 4945.29 - -

Notes.Line numbers for Ni, N1v and Nv refer to important transitions as indicated in Figs. A.1, A.2 and A.3,aebfely, and for Nu to the
corresponding figure (B.1) in Paper |. Multiplet numbers far/Nmr are from Moore (1975), and for N/N v from Moore (1971). Lines used
within the present work are labeled by': Lower and upper levels of the transitions are denoted by a combinatimnand level number
according to Tables A.1, A.2 and A.3, e.g., ‘N29’ means level #8 of

parallel atmospheric coda.usty, supporting the idea that the Interestingly, NvA6380 appears clearly in absorption in O-
emission is of photospheric origin and that velocity fields astar spectra, and seems to play a similar role as tinealdsorp-
not required to explain the basiffect. Other arguments for thetion lines at114097- 4103 in the N emission line problem
photospheric origin of NvA4058 are the agreement with other(see Paper I). We note thatrii6380 can be significantly af-
absorption line profiles as a function efsin i, unshifted ra- fected by the presence of twofise Interstellar Bands (DIBs)
dial velocites, and lack of P Cygni profiles (N. Walborn, privat 11637608, 637932 (Herbig 1975; Krelowski et al. 1995), the
comm.). latter being stronger if reddening is important. Fortuhatine
stars analysed in this paper are subject to low reddenind), an
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these DIBs only minorly fiect some of the observedi\6380

lines (e.g. N11-038, Fig. C.8). 810> T T
As for the previous pair of W lines, Niva6380 and Nv
14058, also the W multiplets around 3480 A and 7103-7129 A sx10E .

are formed between levels of the same series (here within the
triplet system — levels #7, 10, and 11 in Table A.2), and seemt
mimic the behavior of these lines: at least in the earliestéd-
regime they are prominent features, where the former nettip
appears in absorption and the latter in emission. Both lime-c
plexes are widely used in WR-star analyses, and the emission
in the latter multiplet is a strong feature in most WR spectra. ,,;031
The lack of emission at this multiplet and also atvW4058 has
been used for classification purposes ifietent WR-star studies NIV SINGLET SYSTEM
(e.g., Negueruela & Clark 2005). Likewise, the multiplegand ol L e
3480 A has been used by Walborn et al. (2004) to infer Bgth 's ' ' p ' 'F ' G
and nitrogen abundances for a set of O2 stars.
The remaining Nv lines listed, NvA15200— 5204—- 5205, S ) ] ) ) )

belong also to the triplet system, and appear, if preserdbin Fig. 1. Simplified Grotrian diagram displaying the most important tran-
sorption (for O-stars). Unfortunately, most spectra usétin sitions involved in the Nv emission line problem. The horizontal line

. . . . marks the N ionization threshold. v 14058 is formed by the transi-
this study do not cover this spectral region. For the few fedis tion 3d'D — 3p*P°, while the absorption line at6380 originates from

where this range is available to us (see Sect. 3.2), thisiprellt ¢ yransition 3PP’ — 3s!S. An dficient drain of 3p is provided by the
is not visible. ‘two-electron’ transitions 3pP° — 2p? 1S, 1D. Cascade processes from

Finally, Nv lines at114603-4619 are produced by transitions bed’ "F’ and pumping from 28F” are the major routes to overpopulate
tween the fine-structure components ofSsand 37F° (levels "€ 30D state. See text.

#3 and 4 in Table A.3). These doublet lines are strong ahisorpt

features in the earliest O-stars, showing sometimes esttabl- 0.3F . . .
sorption in their blue wings or even pronounced P-Cygni pro- 3
files (e.g., N11-031, Fig. C.7), revealing that they can bméad o2k
in the wind. Thus, it is clear that mass-loss and wind-clurgpi £
will influence the formation of these lines. Besides, we &iso

N vA14943 - 4945 which become important, (almost) isolated
diagnostic lines in the spectra of very early, nitrogen 1@h = .
and WNL-stars. Unfortunately, the corresponding wavelengt = —0.0F=*
range has not been observed for the bulk of our sample stars £
(see Sect 3.2), whilst no features are visible in the fewyearl  -o.1E
type spectra (field stars) where this range is availablee Nt £
in order to use these lines, we would need to extend our N _
model ion, including high-lying levels, to allow for casdagl £
processes into the corresponding upper levels :at7 (which

3d'

4x10°

€

o
<
o

01fF

-0.3 3 I I I

are our present uppermost ones). 4.0x10* 45x10* 5.0x10* 5 ox10°
Teﬁ (K)
2.4. Understanding the N1v 1405816380/ine formation Fig. 2. Equivalent width (positive for absorption) of iN14058 (black)

. . . ) and NivA6380 (red) as a function afes. Solid and dotted curves refer
In the following, we discuss the most important mechanisras t g |ow M (model series ‘A) with logg=4.0 and 3.7, respectively, and

explain the presence of emission atviN4058, in particular the dashed curves to supergiant mass-loss rates (model series i), w
decisive role of mass-loss. Our analysis is based on the Imodegg=4.0.
grid as described in Sect. 4.2, and refers to LMC background
abundances plus a solar (Asplund et al. 2005) nitrogen abun-
dance, [N]= 7.781° chosen in order to obtain pronounced efto N, on the other hand, there are two strong ‘two-electron’
fects. transitions able to drain 3p, via 3p° — 2p? 'S, D.

All the important levels and the corresponding transitions
volved in t_he Nv_emission problem are summarize(_JI in F_ig. 1, 4 1. Basic considerations
A comparison with the analogous diagram fornNFig. 1 in
Paper I) shows a number of similarities but alsfiedences. In In agreement with the results from Heap et al. (2006), our
addition to what has already been outlined, the upper lé\tbleo  simulations (see Fig. 2) show thatrM4058 turns from weak
emission line (3d- 3p) is fed by only weak dielectronic recom-absorption (arounde; =~ 37 kK) into weak emission around
bination, with almost no influence on the population of 3d{co Teg ~ 42 kK, for models with (very) low mass-loss rate and
trasted to the N case), and there is no resonance line connectiedg = 4.0. As usual, we define equivalent widths to be posi-
to 3d (which turned out to be crucial foril). Instead, théower tive for absorption and to be negative for emission lines fing
level of 14058, 3p, is connected with the ground-state. Similar2 kK difference w.r.t. the turning point, which can be attributed,
to a major part, to the lower nitrogen content of our modet$ an
10 roughly 0.9 dex above the LMC baseline abundancélifferent background abundances. Towards hotter temperatures
[N]paseiine= 6.9, following Hunter et al. (2007). the emission strength increases monotonically until a mari
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much weaker impact o, and only untilTeg ~ 50 kK), both
lines appear (for a giveil) as anti-correlated, at least for a
large range of temperatures. In contrast, the correspgrdin-
sitions of Nur were found to be correlated (Paper 1).

The behaviour of both lines and the corresponding level
structure implies anfcient drain of level 3p that enhances the
emission afl4058 as well as prevents emissiocreases absorp-
tion at 16380, and is provided by the two ‘two-electron’ transi-
tions 3p— 2p? 1D, 1S, similar to the case of h.11

To investigate this mechanism in more detail, and to avoid
‘contamination’ by wind #ects, we concentrate at first on
a low-M model with decent emission at iN14058, with
Ter = 45,000K and logg = 4.0.22 In the upper panel of Fig. 3,
we provide the NLTE departure cieients,b, of involved lev-
els, where black curves refer to our standard model. Obkjipus
level 3d is overpopulated with respect to 3gq(> bsp) over the
complete line formation region. On the other hand, levefs'2p
2p7 1S, and 2p (the latter two not displayed) are (mostly colli-
sionally) coupled to the ground state, which in itself i©egly
depopulated, due to rather large ionizing fluxes (see belb
situation closely resembles the situation imiNwhere strongly
depopulated draining levels (for non-blocked models) faed
a depopulation of the analogous level 3p.

To further clarify the impact of the fferent processes, we
investigate the correspondimgt ratesresponsible for the popu-
lation and depopulation of level 3p (Fig. 3, middle panehdhl
curves). As in Paper |, we display the dominating individoet
rates (i.e.n;R; — niR; > 0 for population, with index the con-
sidered level) as a fraction of thietal population rate. Indeed,
the drain by level 2p D (dashed-dotted) apat level 2 1S
(not displayed) are the most important processes that degtep
level 3p in the line formation region. In contrast, the remuce
line does not contribute to any (de-)population of levelSpce
it is (almost) in detailed balance (long dashed line).

To check the validity of our scenario, we calculated an alter
native model where the two draining transitions have begn su
pressed, by using very low oscillator strengths. Indeedupiper
panel of Fig. 3 (red curves) shows that nbywy is smaller than
bsp, and 14058 goes into absorption (lower panel, red color).
From the fractional net rates, we see that the preferredydeca
route has switched from 3p> 2p? (standard model, black) to
3p — 3s (red, dashed), though level 3p retains a much larger
population.

The upper level of14058, 3d, is predominantly fed by cas-
cading from 3d"F°, and also by pumping from level 2p, whilst

Fig. 3. Departure coicients, fractional net rates and line profiledielectronic recombinations are negligible. Suppressiegop-
for N1v1405816380 and involved processes, for model ‘A4540’ylation from level 2p leads to less emission (Fig. 3, lowergda
Designation for 2prefers to 2p D only since the other fine-structure pye colors), due to a less populated level 3d (upper panel).

component, 2p2S, behaves similarlyUpper panel:NLTE departure
codiicients as a function ofress The onset of the wind is clearly vis-
ible atrreser 0.003. Black curves: standard model witly > bsp; red
curves: draining transitions 3p 2p? suppressed, leading gy < bsp;
blue curves: transition 2p»> 3d suppressediddle panel:fractional

Let us now consider the behaviour of the absorption line at

16380, resulting from the transition 3p 3s, again by means of
Fig. 3. As mentioned earlier, this line shows an anti-catieh
with N1vA4058, in contrast to the behaviour of the correspond-

net rates to and from 3p, for the standard model (black) and the molf N lines which appear as correlated. In Paper | we argued

with suppressed draining transitions (redpwer panel:line profiles

that the latter correlation results from the proportiotyadif the

for N1v24058 and16380, for the three models displayed in the upper
panel, with similar color coding.

11 though in Paper | we argued that in case ofilkhis mechanism be-

comes suppressed in realistic model atmospheres with near-solar back
ground abundances.

aroundTer ~ 53 kK has been reached, after which the emissiq
stabilizes and finally decreases. For lower gravitieg@rtdgher
mass-loss rates, the line turns into emission at IoWgrso that,

12 At cooler T, this line is in absorption because of a lowervN

Bhization fraction implying deeper formation depths, which are closer
to LTE.

13 when certain parametgpsocesses are changéat a given Ty,

for a givenTer, the emission strength increases with decreagy,, the strength of the draining levels, the background opacities and
ing logg and increasing mass-loss ral, Since theabsorption so on. Theoverallincrease of these line-strengths as a functiofpf
strength of NvA6380 increases in a similar way (though with as related to the increasing ionization fractions.
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level populations of 3p and 3s. That is, whep decreases (e.g.,
due to increased ‘two-electron’ drairf);s decreases in paral-
lel due to less cascading, and the absorption4897 becomes
weaker in concert with an increase in the triplet emissidneV
versa, an increase of 3p implies less emission of the triiples
and more absorption 28097, respectively.

Such a reaction requires the transition-3p3s to be opti-
cally thin, dominated by spontaneous decays, which is ngdon
true for Niva6380. Due to a mostly significant optical depth,
the radiative net rate is no longer dominated by spontangeus
cays, but depends also on absorption and induced emisgioen pr
cesses. Now, an increased population of 3p leads to lesaiser
of bzs,** and the absorption becomasakerbecause of an in- _ > iz
creased source function bzp/bss. Vice versa, a decrease in the : : 0.001
population of 3p leads to more absorption1&8880 in parallel
with more emission ai4058. This behaviour becomes particu-
larly obvious if we investigate the reaction of the absanptine
when suppressing the draining transitions. In this casdye3p
comes strongly overpopulated (Fig. 3, upper panel, redriolo

L e e

\
!

dep. coeff.

g Ty

—-—
N W
T

1.1E
1.0

emergent profile

and 4058 goes into absorption whilg6380 becomes an emis- gg -

sion line, due to a significantly increased source functioore 4056 2057 2058 2059
pumping than in the original scenario). We checked thatef th wavelength (&)

absorption and stimulated emission terms in the-3fs transi- NIV6380

tions are neglectedi6380 displays more absorption instead, in :
accordance with our previous arguments.

Note, however, that this anti-correlation is not complete.
E.g., if one changes processes which haveftateon 3d alone,
the absorption strength of6380 remains unaltered. Thus, by :
suppressing 2p» 3d, onlybsq is afected (upper panel, blue vs. 6379 8380 avelength () 6382
black curves), and there is less emission458 while the ab-

SOI’ptiOﬂ at16380 remains at the pI'EViOUS level (|0W6I’ panel). Fig. 4. Departure cofficients (top) and line profiles for NA405¢

Summarizing, we interpret theftirent correlations between16380 (bottom) for the dense-wind model ‘E4540’. Level designations
emission and absorption line-strength inMNand Niv as due to lines, and color coding as in Fig. 3.
optical depth &ects in the 3p— 3s transition. As long as this is
optically thin, cascadefiects dominate, and both lines appear as
correlated (Nu). Larger optical depths introduce a counteractine N1v16380 is dfected by the wind as well, though less pro-
ing ‘source-function fiect’, and the lines become anti-correlate@iounced. The absorption becomes slightly stronger (by 18% i
(N1v). The rather large degree of such anti-correlation suppotbe equivalent width), i.e., the anti-correlation disagabove
the importance of the draining transitions, since theseahte is still present. This is valid not only for model ‘E4540’,talso
to influence both the absolute population of the involvealev for hotter models (Fig. 2), until the wind-emission begingon-
as well as their ratios in a venfficient way, by providing addi- taminate Nv16380.
tional decay channels for level 3p. The origin of such stronger emission a4058 becomes
clear if one inspects the involved departurefioents (Fig. 4,
upper panel, black curves). Again, the onset of the wind is
clearly visible (atrress ® 0.1), now much deeper than in the

So far, we discussed the possibility of obtaining emissibn & Model, and the line formation region is located in betwee
N 1v.14058 via solely photospheric NLTE processes. In PaperRoss ~ 0.40...0.04. Compared to the ‘A" model, ‘E4540" dis-
the presence of a wind (actually, a steep rise of the velocRj2Ys @ larger ground-state depopulation, where the grstate
field in the outer photosphere) turned out as crucial to éxpld€mains coupled with the draining levels’Zrs well as with level
the observed N triplet emission in Of-stars, enabling an ef2P (not displayed). This leads, particularly in the trapsitre-
ficient pumping of theupperlevel by the corresponding reso-9ion bet\_/veen photosphere and wind, to an extreme depoguilati
nance line. To investigate how the presence of a wifecss the Of 3p- Since level 3d1becom_es strongly overpopulated, mostl
emission at Nv.14058, we compare our previous model ‘A4540dueé to feeding by 3d F (which is severely overpopulated as
with model ‘E4540’, which has the same stellar parametets Bye!l), the resulting line source function is quite large guauitly

a considerably larger, supergiant-like mass-loss ratariis out €Ven in inversion, which explains the pronounced emisston a
that the inclusion of such a strong wind has a pronounced &fv44058. ,
(black) results in much more emission than ‘A4540’, inciegs first note that the N continuum @ < 160 A) is strongly coupled
the equivalent width ofi4058 from—7 to —114 mA. Also for With the Hen continuum. As already realized by Gabler et al.
higher Te; the impact ofV remains significant. The absorption(1989), increasing mass-loss leads to more geound-state de-
population, to higher fluxes in the Hecontinuum and thus also
14 The net radiative rate (downward) is proportionalAt — J/S), to higher fluxes in the W continuum. Consequently, therlN
with Einstein coéicient for spontaneous decaly, scattering integral  ground-state becomes strongly depopulated, and the eitrog
and source functiors. ionization equilibrium switches from N (being the dominant
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o =
© ©°
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2.4.2. The impact of wind effects
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stage in the deeper photosphere) towardsfitdm the transition The remaining sample consists of 20 O-stars, mostly giants

region on. This also favours the overpopulation of 3d, bymseaor dwarfs, and 5 early B-type supergiants or giants. All ef B

of increased recombinations to high-lying levels with sdugent  stars and 15 O-stars are associated with the cluster N1thand

cascades via 3dF°. others are field stars. The early B-stars have been includari
One might now argue that the inclusion of the wind couldample to allow us for a comparison with previous analyses of

amplify the impact of the resonance transition(s), by pmdusuch stars (Hunter et al. 2009) in order to check the comsigte

ing deviations from detailed balance leading to strong pnmp of different codes and methods in the transition region between

similar to the case of Ni. Unlike the situation in Nir, how- O- and B-types (Sect. 6.2).

ever, such an féect would lead to less line emission or even Table 3 gives information about spectral type, V-magnifude

absorption at NvA4058, since here the resonance line is coiterstellar extinction and absolute visual magnituded has

nected to the lower level, 3p. As it turns out, however, tiis@ been taken from Mok07. Spectral types for N11 objects are

is not present, since the resonance line is too strong §\the based on Evans et al. (2006), slightly revised by Mok07 in col

dominant ion until the transition region) to leave detaited- laboration with C. Evans (priv. comm.), and for the field star

ance before the wind has reached a significant speed. Omly thfeom Walborn et al. (1995), and Massey et al. (1995, 2005). Fo

the resonance transition becomes dominant in populatirej lethe field star Sk—7069 we added the ((f)) designation since the

3p, but this occurs already far beyond the formation regibn present spectra show clear emission at.M4634-4640-4642

N 1v14058. Close to the formation region, there is only a mo@nd Hen14686 in absorption.

erate population of 3p by the resonance line, similar to the p

ulation from 3d itself. Even this additional population Bun- .

teracted (actually, even slightly overcompensated) byapobd 3-2- Observations

drain towards 2f) not only in the formation region of4058 \qt of the observations (for objects denoted by ‘N11-)éav

but also in those outer regions where the resonance linegro peen carried out within the FLAMES | survey, and are desdribe

pumps. _in detail in Evans et al. (2006). In brief, the data were ob-
These arguments are supported by the fact thaflBB80 is (ained using the Fibre Large Array Multi-Element Spectequr

only slightly afected by the wind, where the increased absorgr) AMES) at the VLT, for six wavelengths settings with an ef-
tion results mostly from a diminished source function du@ tosgctive resolving power oR =~ 20,000. The $N ratios are

less populated 3p level. Performing the same tests as fohithe j, the ranges 50-200 for LMC objects. After sky substragtion
wind case, i.e., either suppressing the drain or SUPPBSBE a4ch wavelength range was co-added and normalized by means

population of 3d via 2p- 3d leads to similar results, as can bgy 4 cybic spling The final merged spectra cover two spectral
seen from the red and blue curves and profiles in Fig. 4, reSPRGges, 3850-4750 A and 6300-6700 A.

tively. X L S
- . To improve the sampling in luminosity and temperature,

We corjclude thaM is a key parameter fo_r modellng'tha‘N Mok07 augmented the N11 sample by LMC O-type field stars,
emission line, where in contrast todNt_he basic mechanism (forWhiCh were observed using the UVES spectrograph at the VLT
typical mass-loss rates and below) is always due to the depgR™ )+ of the ESO programmes 67.D-0238, 70.D-0164, and
ulation of the lower level by the ‘two-electron’ transitisnThis 074.D-0109 (P.I. P. Crowther) Spectr.a were obtained far fo
_dra_m_ becomes strongeras a functiokibecause of increasing différent Waveléhgfh settings, ét affieetive resolving power of
lonizing fluxes leading to more ground-state depopulation. R ~ 40,000. The final product provides coverage between 3300-

5600 A and 6300-10400 A for all stars except for SK-%0,

3. Stellar sample and observations where ‘only’ the region between 3300-5600 A and 6300-6700 A
had been observed. The typic@gNJatios achieved for all spec-
3.1. The stellar sample tra lie in the range 60-80.

Table 3 lists our stellar sample which has been drawn from the
analysis of LMC Ofearly B-stars by Mok07. ,
Three of the 28 stars from the original sample have been dfs-Analysis
carded from the present analysis, for two reasons. Fimstn fr ,
our analysis we suspect that N11-004 and N11-048 might b
(SB1) binaries, where the former object shows discrepamt liin an ideal world, we could have used the stellar and wind pa-
shifts and for the latter we were not able to reproduce atelyra rameters as obtained by Mok07 fromH¢ lines, and simply
the observed He lines (shape and strength). A possibleityinaderived the nitrogen abundances on top of atmospheric model
of N11-048 was also suggested by MokO7, because of similaith these parameters. Unfortunately, there are reasoms-to
reasons. The other discarded star, SR-BG6, is the only ob- analyze all programme stars. At first, the presastwinp ver-
ject in the original sample which seems to be strongly ewblvaion (see Sect. 2.1) is somewhafffelient from the version used
(helium contentYpe = N(HeyN(H) = 0.20 ... 0.28, Crowther by Mok07, and the parameters need certain (mostly small) al-
etal. 2002 and MokO07, respectively), and has a very dens#, witerations in order to reach a similar fit quality to thgHd lines.
with both H, and Ha4686 in strong emission. We confirm theSecond, we used a somewhaffelient fitting strategy with re-
stellaywind parameters as derived by MokO7 (almost perfect &pect to the ‘free’ parameters, which changes the optimum fit
quality of H/He lines), but did not succeed in a reasonable fit faontrast to Mok07, we derived and fixed the projected rotatio
the nitrogen lines. A comparison with the analysis by Crewthvelocity, v sin i, independently from the actual fitting procedure
et al. (2002) shows similar discrepancies. Because of tis-p (Sect. 4.3), whereas MokO7 includedsini as a free parame-
lem and because of its highly evolved evolutionary statisclv ter in their fitting algorithm. Moreover, during our fit prashere
does not match with all other objects in our sample, we de-
cided to discard this object from our present analysis arld wils We performed additional re-normalizations forffdient wave-
re-consider it in a future attempt. length ranges.

.el. Methodology
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Table 3. Sample stars used within this study, along with spectral typgg a population ofiastwino models over a course of genera-
V-magnitude, interstellar extinctiofy, and absolute visual magnitudetions, until the best fit to HHe is found. Seven free parameters
Mv. All quantities have been taken from Mok07. were considered to obtain the highest ‘fitnesfeetive temper-
ature, T, surface gravity, log, helium contentyYye, projected
rotational velocityy sini (see above), micro-turbulent velocity,

Star Cross-IDs Spectral Type V Ay My ) _ i
NI 006 A0 1351 047 545 Vimic, Mass-loss ratéyl, and velocity-field exponengs.
N11-031 P306A.H10-3061 ON2llI(f) 13.68 0.96 -5.78
N11-038  P3100 O51i(h) 13.81 0.99-5.68 4.2 Model calculations and grids
Sk—66 100 - 06 1I(f) 13.26 0.34-5.58
N11-032 P3168 o7 II(f) 13.68 0.65-5.47  All models used within this analysis are calculated witkr-
N11-045 - o9 1l 13.97 0.50-5.03  wmb, augmented by fewmrcen models for comparison pur-
BI253 - O2V((f))  13.76 0.71-5.45  poses (Sect. 5). For these calculations, H, He and N aretreat
BI237 - O2V((f))  13.89 0.62-523 55 explicit elements. A description of ourtte model atoms can
N11-060  P3058H10-3058 O3V((f)) ~ 14.24 0.81-5.07  pq foynd in Puls et al. (2005), and our nitrogen model atom has
Sk-70 69 - 05 V((f) 13.95 0.28-4.83 e .
been described in Sect. 2.2 and in Paper I.

N11-051 - O5 Vn((f)) 14.03 0.19-4.66 To all f dvi h bined . f all di
N11-058 - 055V((f)) 14.16 0.28-4.62 o allow us for studying the combined reaction of all di-
SK—66 18 - 06 V((f) 13.50 0.37-5.37 agnostic HHe/N lines on variations of the stellavind param-
N11-065 P1027 06.5V((f) 14.40 0.254.35 eters and nitrogen a.bundances, and also for understarfting t
N11-066 - o7 V((f) 14.40 0.25-4.35 N1v14058 emission line process (Sect 2.4), we generated a grid
N11-068 - o7 V((f) 14.55 0.28-4.23  of models!® The grid is constructed using various nitrogen abun-
N11-061 - o9V 14.24 0.78-5.04  dances centered at the solar value fNJ.78 (from [N] = 6.98
N11-123 - 095V 15.29 0.16-3.37  tp 8.58 with step size 0.2 dex and including the LMC nitrogen
N11-087  P3042 09.5Vn 14.76 0.624.36  paseline abundance, [Nleine= 6.9), and a background metal-
“ﬂ'ggg ) 38'57 Iltt)) ig?g 8'45,((;2"113 licity, Z = 0.5Z,, corresponding roughly to thglobal metallic

i p ' : : : abundance of the LMC (cf. Mokiem et al. 2007b). The individ-
N11-008 Sk-6615 BO.7 la 12.77 0.84-6.57 X
N11-042  P1017 BO Il 13.93 022479 ual abundances of the background elements (in terms of mass
N11-033 P1005 BO Ilin 13.68 0.43.5.25 (ractions) are scaled by the same factor with respect todlee s
N11-072 - BO.2 Il 14.61 0.09-3.98 abundance pattern (see Massey et al. 2004).

For a givenz, the grid is three-dimensional with respect to
Notes. Primary identifications for N11 objects are from Evans et aff, logg, and logQ, whereQ is the so-called wind-strength pa-
(2006). Identifications starting with "Sk”, "BI", "P”, and "LH” are rgmeter (or optical depth invarian) = M/(vw&)l's. This
from Sanduleak (1970), Brunet et al. (1975), Parker et al. (19881 parameter allows us to condense the dependen(S'Aa, oerminal
Walborn et al. (2002, 2004), respectively. velocity, V.., and stellar radiusR,, into one representative quan-
tity.1® The grids cover the temperature range from 25 to 55 kK

we allowed for the presence of extra line-broadening (‘macr(With increments of 1 kK), and a gravity range between 3.0 and
turbulence’, Vimad), ngt considered by Mok07. Iﬁiérengcés in 4.5 (with increments of 0.2 dex). For |6 the diferent wind

v sini andvina. can lead to certain fierences in the outcome Siréngths are denoted by a letter (from ‘A’ to °E’), with 1Qy

of the fit, since the profile shapes might change (e.g., Fig. 4T ~14.0, ~13.5,-13.15,~12.8, -12.45, respectively, iM is
Puls 2008). Third, and most important, is the fact that we nogtculated inMoyr™, vi, in kms™, andR. in Ro. Models with
aim at a consistent fit for the/He andnitrogen lines. Thus, and quantifier ‘A" correspond to thm_wmds, resultlpq in lineisat

in the sense of a compromise solution (minimization of tie di2"€ (lmost) uriéected by the wind, whereas ‘E'-models cor-
ferences between observed and synthetic spectraliftines), '€SPond to a significant wind-strength typical for O-typpesd
different stellar parameters which result in a modest changedfnts- Other parameters have been adopted as followsaa sol

the fit quality of HHe alond® can lead to a significant improve-N€llum abundanceXe = 0.10; Vi, as a function of the photo-
ment v(\q/ith rgspect to the complete set of Iings. P spheric escape velocityes: (see Kudritzki & Puls 2000); the

In so far, we opted for an entire re-analysis, performeqf€!lar radiusR., as a function of spectral type and luminosity
mostly by a simple ‘fit-by-eye’ method where we try to accomt @SS: corresponding to prototypical values; the veldestd ex-
plish the best fit to the strategic lines by visual inspecion PONeNtB, from empirical values (Kudritzki & Puls 2000), with
a discussion, see Mokiem et al. 2005). Since we start from rﬁez 0.9 for O-stars, and higher values towards later types; and
parameter set as provided by Mok07 (highest ‘fitnEssith re- 1€ Micro-turbulenceymic = 10 kms™.
spect to their assumptions), our new solution should betdoca
at or close to theglobal maximum of the corresponding merit4.3. petermination of stellar and wind parameters
function as well and not only at a local one. Note that ounderi ) ) ) _
tion of nitrogen abundance and micro-turbulence for moshef The diferent steps performed in our analysis can be summarized
cooler sample stars relies on a more objective method (&dgt. as follows, and are detailed in the next sections.

MokO07 themselves used an automated fitting method (devel- First, we determines sini for each object. Then we use
oped by Mokiem et al. 2005) based on a genetic a|gorithm Opﬁh'l.e results from Mok07 in combination with our model grld to
mization routine to obtain the stelfaind parameters by evolv- roughly constrain the stellail s, logg, [N]) and wind-strength
parameters (lo@), by inspecting the synthetic and observed

16 |In particular at earliest spectral types, the sensitivity @fiéion
changes in the atmospheric parameters is rather weak. 18 following the basic philosophy described by Puls et al. (2005).

17 which quantifies the quality of the solutions resulting from a ge-*° relying on the fact that the wind-emission from recombination dom-
netic algorithm optimization, see Mokiem et al. (2005) and referencemted (i.e.,p?-) processes remains ufiected as long as the wind-
therein. strength parameter does not vary (see Puls et al. 1996, 2005).
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Table 4. Fundamental parameters for the LMC sample, assuming unclumpesdiosas

Star ST Secondary T logg loggwe R. l10gL. Yie  Viic vsini Vimac M B Voo
T diag. (kK) (cgs) (cgs) Ro) (Lo) (kms?) (kms?) (kms?) (108 Myyr?) (kms™?)
N11-026 O21li(f) Nwm/Niv/Nv 49.0 400 4.00 11.3 582 0.10 10.0 72 60 1.56 1.08 [3120]
N1v/Nv 52.0 410 410 11.0 5.89 1.49
N11-031 ON2 I(f) Nwm/Niv 478 395 395 134 592 0.11 10.0 71 60 2.02 1.08 3200
N1v/Nv 56.0 4.00 4.00 122 6.12 2.20
N11-038 O5 1I(f) N /N 1v 405 3.70 3.71 14.0 567 0.08 10.0 100 50 1.21 0.98 [2600]
Sk—66 100 O6 II(f) Nmi/N 1v 39.0 3.70 3.71 13.7 559 0.19 10.0 59 60 0.83 1.27 2075
N11-032 O7 1I(f) Ni/N v 36.0 350 351 136 544 0.09 10.0 60 70 0.97 0.80 [1920]
N11-045 O9 lll - 323 332 333 120 5.15 0.07 10.0 64 80 0.69 800.[1550]
BI253 O2V((f)) Nw/Nv 548 418 420 10.7 597 0.08 10.0 230 - 1.53 1.21 3180
BI237 02 V((f)) Nw/Nv 53.2 411 412 9.7 5.83 0.09 10.0 140 - 0.62 1.26 3400
N11-060 O3V((f)) Nm/Nwv/Nv 48.0 3.97 3.97 95 563 0.12 10.0 68 40 0.51 1.26 [2740]
N1v/Nv 51.0 4.10 4.10 9.2 571 0.48
Sk=70 69 O5V((f)) Nm/Nr1v 42.3 393 3.94 9.1 538 0.14 10.0 131 - 0.43 0.80 2750
N11-051 O5Vn((f)) Nm/N1v 414 3.70 3.83 8.6 5.42 0.08 10.0 350 - 0.41 0.80 [2110]
N11-058 0O5.5 V((f)) Nm/N1v 40.8 3.75 3.76 84 524 010 6.0 62 60 0.01 1.00 [2470]
Sk—66 18 06 V((f)) Nm/N1v 39.7 3.76 3.76 12.2 552 0.14 10.0 75 40 1.08 0.94 2200
N11-065 06.5 V((f)) Nm/N1v 41.0 3.85 3.85 74 514 0.13 10.0 60 50 0.05 1.00 [2320]
N11-066 O7V(()) NN 370 3.70 371 7.9 502 0.10 100 59 50 0.14 0.80 [2315]
N11-068 O7V((f)) Nm/Niv 37.0 3.70 3.71 75 498 0.10 10.0 30 50 0.13 1.12 [3030]
N11-061 o9V - 340 355 355 115 5.20 0.09 5.0 54 80 0.52 0.800Q]
N11-123 095V - 34.3 420 4.21 54 456 0.09 10.0 115 - 0.08 0 0[2890]
N11-087 09.5Vn - 32.7 4.04 4.08 8.8 490 0.10 10.0 260 - 0.11 80 0[3030]
N11-029 09.7 b Ni/N 11 29.0 320 321 158 520 0.08 10.0 46 60 0.28 1.23 [1580]
N11-036 BO.51b Ni/N 258 3.11 311 155 498 0.08 12.1 39 40 0.11 0.80 [1710]
N11-008 BO0.7 la Ni/N 11 26.3 3.00 3.00 295 557 0.10 47 46 60 0.62 1.30 [2390]
N11-042 BO 1l Nuir/N 29.2 359 359 119 497 0.08 5.0 21 25 0.19 1.19 [2310]
N11-033 BO llin - 26.7 3.20 3.34 15.7 5.05 0.10 5.0 256 - 0.25 031.[1540]
N11-072 BO.2 1l Nu/N 29.8 3.70 3.70 8.1 4.67 010 2.7 14 10 0.25 1.30 [2100]

Notes.log gwue is the surface gravity corrected for centrifugdlieets. Secondarye diagnostics, used in parallel with the Hdeu ionization
equilibrium, is indicated for each star. For three stars, two parameteasetsrovided, due to problems of reaching a simultaneous fit for all
considered lines from three ionization stages. For N11-026 and NQ,#@sfirst entry is our preferred one, and the second entry is a\disfed)
alternative, whilst for N11-031 we consider both solutions as possi#e. $ect. 5). Brackets around: derived from scaling vides. Asterisks
following vimic: value obtained in parallel with nitrogen abundance. For errors, ste tex

H/He and nitrogen line profile®{je, 8 andvpic already specified v sini directly from their automated fitting method, from the
within the grid.) During this step, we determine the extreeli H/He lines. More suitable is to use metal lines, since these are
broadening parameter,,, by reproducing the profile shape ofnot afected by Stark-broadening. Only in case of high rotational
the weaker lines. velocities or high temperatures, where metallic lines &aded
Subsequently, the stelfarind parameters, now including or are very weak, Helines might be used. Thus, we derived
Yhe andg, are fine-tuned by calculating a grid of much highev sin i from scratch, employing the Fourier method (Gray 1976),
resolution around the initial guess and adoptingrom Mok07. as implemented and tested in the OB-star range by &ibBiaz
After the fundamental parameters have been fixed and, in casal. (2006) and Sitn-Diaz & Herrero (2007). This method has
Vmac has been adjusted, we fit the nitrogen abundance, using tilve advantage to easily discriminate the rotational couatidn
different methods (for cooler and hotter objects, respecivelfrom other broadening mechanisms th&eet the line shapes.
and also updat&nm;c, which Mok07 solely derived from Hie In dependence of temperature and rotational velocity o§tae
lines. In certain cases, we need to re-adapt the stgltad pa- we used lines from @, N, Cu, and Siu for B- and late O-type
rameters to obtain the (almost) final solution. Now, we ale alstars. For earlier O-types, higher ionization states agelgmi-
to calculate the stellar radius froMy and the synthetic fluxes, nant, and mostly Mi/N v and Siv lines have been considered,
and we can update the mass-loss rate to its final value, bipgcatogether with He lines for the earliest types.
with the new radius. A final consistency check with the rdw To finall d h | profile sh .
andR. values is performed to ensure the stability of our results, '© "ihally reproduce the actual profile shape, in most cases
Tables 4 and 6 list all quantities derived in this way, angome €xtra line-broadening is needed, conventionallyedall
Table 5 yields the main fierences between our and the Mokowacro—tu.rbule[‘;lce. Jhough thehphy3|cal origin of this ti)gr&d
results. Note that these quantities refer to unclumped winéﬂg remains still to be proven, there are some strong Inioat

whilst in Sect. 4.5.1 we discuss the impact of wind clumping. tioaﬁsit(jse?ésg?gltégovg;h é?é%r]&;dzegt na?_n-zrgf(i;l.) '?éegg(r:softnt

for this dfect, we used a radial-tangential descriptiorvgf. to
Projected rotational velocities and macro-turbulence. Before fit the profileshapeof nitrogen (and partly helium) lines, using
we are able to perform the actual (fine-)analysis, we needrte c our first estimates on the stellar and wind parameters (saeib
strain the line broadening parameters, ivesin i andvmac (Vmic  and the new sin i values. For the fastest rotators of our sample,
will be - when possible - inferred in parallel with the niterg however, corresponding values could not been constrasiack
abundances, see Sect 4.4). As outlined above, Mok07 deriVadje v sini produce either too weak nitrogen lines, or these
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lines, together with Helines, loose their sensitivity to distinct Table 5. Differences between the fundamental parameters as derived

changes ivmae here and by Mok07.
As expected, most of our sini values turn out to be sys-
tematically lower than those provided by Mok07 (Table 5), bystar ATer Alogg AYue Avsini  AlogM AB
typically 30-40%. The derived range of,ac values is consis- (kK)  (cgs) (kms') (10°Moyr™)
tent with results from similar investigations, e.g., Duftet al. N11-026  -4.3 - -0.01 37 -0.06 -
(2006): Sinbn-Diaz et al. (2006); Lefever et al. (2007); Markovamﬂ'ggé 02-58 006120 O%gl —jg —8ig 0.19
& Puls (2008); Sinon-Diaz et al. (2010). The uncertainty of our g, "™ 00 .~ . o5 _0.03 i
estimates is typically on the order afl0 kms?, being larger N11-032 08 0.5 . _38 0.08 —0.23
for stars with relatively low rotational speeds. N11-045 - - - M; 0.10 R
BI253 1.0 - -0.01 39 -0.10 -
. . : . BI237 - - -0.01 14 -0.10 -
Effective temperatures. This parameter is mostly constrainedy11.060 23 005 - _38 -0.01 -
by the Ha/Hen ionization equilibrium. For this purpose, we pri- sk-76 69 -09 0.06 —0.03 - ~0.38 0.02
marily use He A1 4471, 4713, 4387 and Held 4200, 4541. In N11-051 -1.0 -0.05 - 17 -0.39 0.20
most cases, we did not meet the so-called kiaglet problem N11-058 -0.5 -0.14 - -23 -1.18 -0.42
(Najarro et al. 2006). As a consistency checkTgp and espe- Sk-66 18 -0.5 - - -7 - -
cially for the hotter stars, where the Haes can no longer serve N11-065 0.7 -0.04 -0.04  -23 -0.86 0.20
as an @icient temperature indicator, we make additional use df11-066 ~ -23 -0.17 -0.01 ~ -12 -0.47 -
the nitrogen ionization equilibrium, by means of the linisgeld mﬂgg? _2(594 _0(')4034 ) _gg _%% 1 06
in Table 2. For B- and late O-stars, we investigate/Nim, for 77750 52" 505 . s R
mid O-stars Ni/N1v, and for early O-stars N/Nv or even - N11-087 - T ) _16 ~0.10 )
in a few cases -Ni/N1v/N v (see Table 4 for the specific diag-N11:029  —02 —0.03 0.01 31 022 —0.40
nostics applied to a particular object). To this end, weegittse N11-036 -0.5 -0.20 - ~15 - -
our coarse grid or our specific ‘fine-grid’ models, with a sim-N11-008 0.3 0.02 - 35 0.09 -0.57
ilar gridding of nitrogen abundances ([N] 6.9 ... 8.58). By N11-042 -1.0 -0.10 -0.02 -21 -0.02 -
exploiting this additional information, i.e., roughly tittg’ the  N11-033 -0.5 -0.01 0.02 - 0.02 -
nitrogen lines of dferent ions at a unique abundance, we ar@l11-072  -1.0 -0.08 -0.02 - 0.02 0.6

able to fine-tund ¢ (and also some of the other parameters, Sge o . . .
below). For objects where only lines from one ionizatiorgsta otes.Positive values indicate larger values from this study. Dashes: no
are present (N11-033, 045, 061, 087, 123), such a conciste
check only allows for rather weak constraints, if at all.

We estimate a typical uncertainty fdgg according to the

grid resolution,ATer ~ 1 kK. For N11-066 and N11-068 we py Mok07 using UV Oui lines. For the FLAMES N11 stars, only
can only provide rough estimates on the stellar parametens, N11-031 could be analyzed with respect to this parameter, by
sistent with the nitrogen ionization equilibrium, and weptla Wwalborn et al. (2004). For all other staxs, has been estimated
larger errorATer ~ 2 kK. For some problematic stars, N11-026rom v, following Kudritzki & Puls (2000).

N11-031, and N11-060, we consider an even larger error,tabou

4 kK, in agreement with MokQ7 (see Sect. 5).

difference compared to the Mok07 analysis. For N11-031, the compar-
%n is made with respect to the cooler solution (see Sect. 5).

Velocity field exponent 8. The sample used within this study

does not contain any star with such a dense wind thaisHn
Surface gravities. We derived log@ using the classical ap- emission, therefore an accurate determination of thisnpeter
proach, from the Stark-broadened wings of the Balmer linds,difficult?® for optical spectroscopy. We applied the following
basically H, and H;, which should be uncontaminated by windphilosophy. If the combinatiom-g provided by Mok07 resulted
emission. As foiT«, we use nitrogen lines as a final consistendy reasonable KHits, we kepjs. Otherwise, we sgtto prototyp-
check. These surface gravities need to be corrected ftarsted ical valuesg = 0.8...1.30, in dependence of spectral type and
tation, applying a centrifugal correction (see Repolusi.€2004 results from earlier analyses performed in our group. Megeo
and references therein). The estimated error foglsy0.1 dex. for some of the sample stars, N11-008, N-029, N11-058, and

N11-061, the automated fitting method used by Mok07 resulted

) . ! in quite large values fg# (e.g., N11-0613=1.8), whilst for N11-

Helium abundances. To ensure the reliability of the final pa-g51 5 rather low valueg = 0.6, was inferred. We consider such

rameters, especiallyer and and log, and for our discussion \51yes as either unphysical or indicating a substantialuamo
on the abundance enrichment, we need to revisit the helin lig¢ \ying clumping. In all these cases, we modifigds outlined

fits, since inconsistent helium abundances can influencethg) e (see also Sect. 5).

parameters. A small sub-grid was constructed around tHarste

parameters derived in previous steps, fdfedentYye, from 0.08

(corresponding to the approximate LMC baseline abundandéass-loss rates are derived from fitting the synthetic,Horo-

see Sect. 6) to 0.14, in steps of 0.02. A rough estimate on fies to the observations, giv@(see above). Usually He14686

error is half this stepsize. is used as a consistency check. It turned out that for many sam

ple stars we were not able to successfully fit both lines at the

) ] ~sameM, since Hai14686 showed more absorption than consis-

Terminal velocities cannot be rellably derived from the Optlcal,tent with the observations Wherbhwas f|tt|ng This m|ght indi-

and have been adopted from Mok07. For the field stars, values

have been inferred from UV P Cygni profiles, by Massa et ak0 if not impossible, due to th#- 8 degeneracy (e.g., Markova et al.

(2003) and Massey et al. (2005). For Sk=@8, it was measured 2004), and ffects from wind clumping (e.g., Puls et al. 2006).
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cate a certain problem regarding H®&686 in the newastwinp  Table 6. Helium and nitrogen abundances for the LMC sample, with
version, or some impact of wind clumping. The problem needtellar parameters from Table 4.
to be investigated in future, but has no impact within thespre

study. Star vsini Ype [N] AIN] A[N]®  Literature
Another consistency check fovl is provided by the nitro- N11-026 72 010 7.80 +0.40 0.25-0.30 -

gen lines, particularly by the M and Niv emission lines (and 7-75 +0.40

sometimes also by the Wdoublet), which are stronglyfizcted N11-031 71 011 873;(?3 fgig . 8.06:0.18

by the wind strength. In the case of two stars, N11-058 and-N11 . . i i
065, which showed quite good line fits to H, He and N, the syn%gli_le%g’foo 1508 g_fg g..f%s igig 0.05-0.10

thetic NivA4058 profile displayed weak emission, whereas the;1_g32 60 0.09 7.87 +015 0.05-0.10 B}
observed one was clearly in weak absorption. Consistendg co n11-045 64 0.07 6.98 +0.20 - -
be achieved by lowering/ until this line could be acceptably Bj253 230 0.08 7.90 +0.15 0.15-0.20 ;
fitted, leaving the remaining nitrogen lines ang Bimost un-  BI237 140 0.09 7.38 +0.15 0.05-0.10 -
altered. In both cases it turned out that Was already almost N11-060 68 0.12 820 +0.30 0.05-0.10 -
insensitive to reductions ikl. Other stars which showed a simi- 8.1% +0.30
lar problem, N11-051, Sk—-66.8, and Sk—66100, could not be ~ Sk-70 69 131 0.14 805 015 0.15-0.20 -
‘cured’ by this approach, since in this case a reduced vl o N11-051 350 0.08 7.58 +0.20 - -
was no longer consistent with (unclumped!, see Sect. 4t§,1) N11-058 62 0108.09 +0.15 - -
. . . . . . Sk—66 18 75 0.14 848 +0.15 - -
Since in all of our objects His in absorption, leading to the 11 g5 60 013 8.7 4015 0.05-0.10 ;
well known M-8 degeneracy, we estimate quite a large error oR11-066 59 0.10 8.17 +0.20 0.05-0.10 )
M, namely plugminus a factor of two, which is typical in this N11-068 30 0.10 7.85 +0.20 0.05-0.10 -
situation (e.g., Markova et al. 2004). The impact of theeimo N11-061 54 0.09 7.18 +0.15 - -
R. is negligible here, as outlined in the next paragraph. N11-123 115 0.09 7.00 =+0.15 - -
N11-087 260 0.10 7.38 -0.2¢ - -
N11-029 46 0.08 7.43 =+0.15 - 7.1@0.35
Stellar radii. Since the fective temperatures derived within N11-036 39 0.087.85 +0.17 - 7.76£0.11
this work are diferent from those of Mok07 (overall, these dif- N11-008 46 0.108.08 +0.11 - 7.84:0.11
ferences are modest, except for N11-026, N11-031, and N1MN11-042 21 0.08 7.00 =+0.15 - 6.920.24
068, see Table 5), this leads tdfdrent theoretical fluxes and N11-033 256 0.10 7.28 -0.2¢ - -
thus to diferent stellar radii. Similar to Mok07, we followed _N11-072 14 0.107.68 +0.15 - 7.38:0.06

Kudritzki (1980) and Herrero et al. (1992), and calculateel tgi From Nm/N v, uncertainty from Nv.
‘new’ radii from the theoretical Eddington fluxes and the-(de, From Niv/Nv, ufncertalnty;_rom r’;‘“' -
reddened) absolute magnitudes from Table 3. Improvement of Nv14058 fit with weak clumping.

N - @ Uncertainty of upper limit.
Once the radii have been re-determinkdneeds to be mod- yortep
ified as well, to preserve the fit quality of,Hwhich depends on Notes. [N] is our bestfitting value A[N] the corresponding uncer-
the optical depth invariar® (see above). Contrasted to the cas@inty, andA[N]® the change in [N] (always positive) if clumping with
of Galactic objects, where the error o, (due to unknown dis- _fwl_: Ohl IS glcludgd in t(;‘% mcr>]dels (Secti‘ 4~5~1)h Valu?]s 3|s|f3layed in
H y ; italics have been derive yt e ‘curve-o -growt " method. Literature
ﬁg?ecfnsz)gf rsna:nma;;aes Ejhuee(ig%{gggﬁ]; :/\vngltlhlli ([))\l\?ri/ Ziitz(a(ézgd;r%values are from Walborn et al. (2004) for N11-031 and from Hunter

. et al. (2009) for the B-stars and N11-029. When two entries are pro-
the rather large error introduced by the degeneracy. vided, the first one corresponds to our preferred solution, except f

N11-031 where we consider both solutions as possible.

4.4. Nitrogen abundances and micro-turbulences

After having determined the stellar and wind parameters and ynfortunately, this procedure was not applicable to thé bul
their uncertainties (some fine-tuning might still be nee8gs  of the sample stars because of various reasons, e.g., iendi
we are now in a position to derive the nitrogen abundances afigl diluted lines due to fast rotation, almost invisiblestirdue
the corresponding micro-turbulent velocitieg,c. Because the 1o |ow nitrogen content, and peculiarities in the obseniees
latter parameter significantlyftacts the strength of both He andkrom some of the stars with highly ionized nitrogen. All tees
metal lines and thus the implied abundances, it is usefukto Cbroblems will be commented on in Sect. 5, and we opted for a
termine both quantities in parallel. determination of the nitrogen abundasmiro-turbulence pair
To carry out this analysis, we calculate a fine grid of typical by means of a visual inspection of the fit quality, using thesa
25 models, by combining fferent abundances centered at thiine grid as described above.
rOUgh estimates derived in Sect. 4.3, with fiv&elient values We estimate the errors i as 3-5 km Sl, both for the
for Vimic = 0,5,10,15,20 km's. equivalent width and the visual method. To provide an impres
When possible (see below), we use a ‘curve of growtlsion on the impact of such errors on the derived nitrogen abun
method based on the equivalent widths of the lines, which hdances, we note that a decreasevjf by 5 kms? leads to
been applied in the past years tdfeient sets of B-stars for an increase of [N] by 0.05-0.07 dex. For the error associated
obtaining various metallic abundances (e.g., Urbaneja420@o [N] when derived by ‘visual’ fitting, we decided to be quite
Simon-Diaz et al. 2006; Markova & Puls 2008). In brief, thisconservative. Even though we are able to obtain quite gosd fit
method uses synthetic and observed equivalent widthsdimgu for the bulk of the stars implying an uncertainty of 0.1 dex, w
uncertainties fronall considered lines, to derive a unique pair ofather adopt a larger value of 0.15 dex to roughly accourthi®r
abundance andyc (incl. errors). Results from such analyses aradditional dependence on the stellar and wind parameters. F
indicated by an asterisk in thg.-column of Table 4. two stars, N11-033 and N11-087, we can only provide an upper
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limit on the abundance, with an estimated uncertainty 000.2 significant €ect. For N11-031, on the other hand, at least the
dex. This value is also adopted for N11-066, N11-068, and-N1'tool solution’ (see Sect. 5) remained at the previous giro
045, N11-051. For the first two stars only rough estimates atundance.
their stellar parameters could be obtained, and for therlaito Besides these generdfects, for a few stars, Sk—64.00,
only one nitrogen multiplet could be used. Even larger unce8k—70 69, N11-051, Sk—6618 and N11-065, the inclusion of
tainties have been derived for two ‘problematic’ stars, 26 clumping (of a lesser degree thén = 0.1) favours a better fit to
and N11-060, see Sect. 5. N 1v14058, see Sect 5.

Table 6 lists the obtained nitrogen abundances togethbr wit
their estimated errors. When available, correspondincplitee

values have been added. 4.5.2. Background abundances

One of the central results from Paper | was that the tiplet
emission increases with decreasing background metgllicjt
due to reduced line-blocking. In this investigation we assu
4.5.1. Wind clumping following Mokiem et al. (2007b), aglobal Z of the LMC,
. L . Z = 0.5 Z,. Since this value is somewhat controversial, and a
So far, we neglected wind clumping in our analysis. Sincetmog _ 0.4 Z, might be appropriate as well (e.g., Dufour 1984), we

of the nitrogen lines are formed in the intgrmediate or OutRb 1o test the impact of thisfiirence on the derived nitrogen
photospheré! at least for not too extreme winds as consider undances

here, they should remain rather tiigeted bydirect clumping Overall, such lower backgrourgidoes not produce any ex-

effects, though indirectfEects could be important (see Paper I)treme changes. As expected, the triplet emission increases

Clumped winds have lower mass-loss rates compared to tr[ﬁﬁriring a roughly 0.05 dex lower abundance to recover the pre

unclumped counterparts, by a factor of{fq if the clumping yipys fits. Interestingly, we also found thatth4058 and the
factor f, were radially constant, which could influence both thgy ;; quartet lines tend to more emission and weaker absorp-
Nm and the Nv emission lines, due to their sensitivity 8.  tion, respectively, but to a lesser extent. THEeet on the re-
Given the multitude of evidence for wind-clumping (e.9.J$U maining nitrogen lines is marginal. Note that a lower [N]uel
2008 and references therein), it is necessary to examinenthe gye to lower background abundances would partly cancel with

pact of clumping on our abundance determinations. _ the corresponding increase in the derived [N] due to modBrat
We adopt the parametrization as used by Hillier & Millegjymped winds.

(1999) and Hillier et al. (2003),

4.5. Additional considerations

f(r) = fo + (1 - f) exp(-v(r)/Va) (1) 5. Comments on the individual objects

wheref(r) is the volume filling facto?? f.. its asymptotic value !N the following, we give specific comments on the individual
(if Voo > Vo) andvg the velocity where the volume filling factor OPi€cts, regarding peculiarities and problems found dudor
reaches values close to'eif f., < 1. To allow for maximum analysis. We separate betweenl@e O-stars and (hotter) O-
effects, we sety = 30 kms?, close to the sonic speed for O-Stars, and sort by luminosity class and spectral typeirsgaat
stars, and concentrated on models with= 0.1, corresponding the hotter side. All nitrogen line fits (including correspiamg

to M reductions by a factor of roughly 0.3 (consistent with receMits according to Table 6) are displayed in Appendix. G, ex
investigations allowing for macro-clumping, see Sundgeisl. Cept for the objects N11-072, N11-032, and BI237 which have
2011). been included in the main paper, since they are exemplary for

Since most of our sample stars display thin winds, no majgpjects W'ith diferent features. All spectra are corrected for ra-
reaction due to clumping is to be expected. Indeed, a value®@#l velocity shifts. _ .
f., = 0.1 did not induce any noticeable change in the spectrum We selected those lines that were clearly visible, at least
for the bulk of the stars. in most of the cases. In particular, fogr < 35 kK, we used

For stars N11-038, 032, BI237, N11-060, 065, 066, and 0881144 3995, 4447, 4601, 4607, 4621, 4630 andihit 4003,
mostly the Nur triplet is efected (for BI237, also N), requiring 4097, 4195, 4379114634~ 4640~ 4642, andi14510- 4514—

0.05 to 0.1 dex more nitrogen to preserve pneviousfit quality 4918. FOfer > 35kK, we analyzed the lines fromiy/N rv/N v

of these lines. Since, on the other hand, the other nitrdiges | N1 as before, Nvi1 4058, 6380, and N114603- 4619 (see
remain unmodified, the inclusion of clumping did not change o Table 2). Additionally, the Nv multiplets around 3480 A and
[N]-values for these stars, but only improves or deterigsahe 7103-7129 A have been used for the field stars observed with
particular representation of the triplet lines. UVES (except for Sk—7069 where only NvA3480 is available).

For BI253 and Sk-7069, clumping of the considered
amount has a largerffect, particularly on the N triplet,
N1v24058 and the N doublet. Here, a clumping factor df,
= 0.1 requires that [N] needs to be increased by 0.15...0.20 d&.1.1. Supergiants

Finally, for N11-026 and N11-031, the inclusion of cIumpingN o . -
- ~ N11-029 — 09.7 Ib. This is the only O-supergiant within our
affects the stellar parameters as well. Due to the Idwea hot sample. Since it is of late nature, we discuss it here togettile

ter temperature (by 1 to 2 kK) is needed to preserve thefitle ; .
In case of N11-026 then, [N] needs to be considerably inemasthe B-supergiants. No major problem has been encounteardd, a

by 0.25 to 0.3 dex. This is the only case where we encountefdd 'argest dference with respect to Mok07 concerns the large
= 1.63 derived in their analysis. We opted for a lower value,

21 Note that this might no longer be true for thesNoublet, e.g., N11- 8= 1.23, still at the limit of prototypical values. To competesa

5.1. Late O- and B-supergiants/giants

031. for this modificationM needs to be somewhat increased.
22 which is, within the standard assumption of micro-clumping and a Figure C.1 shows the best fit for the nitrogen lines. An
void inter-clump medium, the inverse of the clumping fadter abundance of [NE 7.43:0.15 has been inferred, mainly from
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N 113995 and the M quartet lines. The bulk of the Nlines A low nitrogen content has been derived, [N]7.00:0.15,
are not helpful since there are blended by (able 2). This is consistent with the low helium abundance.
also the case for most of therNlines.

The most interesting feature, however, is the discrepaoicy . .
N 1463423 which shows an almost completely refilled proE\lll'033 — BO llin. We find a slightly coolefler compared to
file but is predicted to be in absorption. To synthesize a prilok07, and our helium line fits suggegte= 0.10. _
file with E.W. ~ 0 would require a higheFe or a lower logg, Due to its large rotation, all nitrogen Ilnes_ are sev_e_rely di
inconsistent with the He ionization equilibrium. This seeta  uted and almost ‘vanish’ from the spectrum (Fig. C.5), iyipy
be the first observational evidence for one of the probleras dn upper limit of [N]=7.28 from the N lines.
cussed in Paper I. For a certain temperature range (around 30

to 35 kK), rastwinp spectra predict too few emission in theiN 91072 _ Bo.2 111 This object shows a very sharp-lined spec-

triplet, compared to results frommrcex, due to (still) missing ym with the lowesv sin i value within our sample. A consis-

overlap éfects between the i and Om resonance lines around;ent so|ution for nitrogen and helium suggests a slightiglen

|3374 A S/vhmh are treated consistentlydnrcex; for details, see T (by 1 kK) and lower logg (by 0.1 dex). Our best fit indicates
aper ). Yhe =0.10.

For further tests, we calculatedcarcen model at the same HeAS for the similar object N11-042, we are able to ob-
stellaywind parameters and abundances as derived in the presgp 5 good fit from the ‘curve of g,rowth’ method. with
analysis. As expected,_the correspond_lng synthetlc; psodite N] = 7.68:0.15, and a rather lowmic = 2.7 kms™. Thus, and
closer to the observations (though still not as refilled as of ~ontrast to N11-042. this object is clearly enriched. Nibiat

served). To check whether the oxygen abundance plays dSigRj11-072 and N11-042 belong toffiirent associations, LH-10
icant role, two diferent abundances were considered,#@]66 544 | H-9 respectively.

and 8.30 dex (solar and factor two lower). In agreement with o
theoretical argumentation from Paper |, suchfiedénce did not
affect the predicted N triplet emission strength. 5.2. O-stars

5.2.1. Giants
N11-036 — BO.5 Ib. The largest dference to Mok07 is that we . ) .
derive a lower value for log (by 0.2 dex) as well as a lowd; N11-026 — O2 1lI(f*). This star is one of the four O2 stars in
(by 500 K), by exploiting He/Hen in parallel with the NyNm  Our sample, together with N11-031, BI237, and BI253, cosspri
ionization equilibrium. ing the hottest objects. Unlike Mok07, we favour a cooleusol
The nitrogen lines are well fitted, both foriNand Nm  ton, Tex = 49 kK (Mok07: 53 kK), and a somewhat low#.
(Fig. C.2). The only discrepancy found relates to an undetipr 1 his comparably large ference forTey relies both on the bet-
tion of absorption strength in M4607, whereas the discrepancye' reproduction of Het4471 and on the fit to the nitrogen lines,

at Nu24601 is due to an @ blend. Quite a large enrichment isWith three ionization stages visible (Fig. C.6). Mok07 ddesed
found, [N] = 7.85:0.17. such cooler solution as well (almost included in their ebrars),

which would have improved their fit to H@4471, but argued
. _in favour of the hotter one, accounting for the global fit dtyal
N11-008 —BO0.7 Ia._ Agaln, we adapted the rather Iarge Ve_lOCItBy Considering nitrogen now, we find Support for a |OVU-%E‘,
field exponent derived by MokOB, = 1.87, to a more typical since forTe; > 50 kK the Nur lines vanish from the spectrum
value of 8 = 1.30. We derivev sini = 46 kms?, which is ap- (cf. BI237 and BI253).
proximately half the value as obtained by Mok07, and compen- The derived nitrogen abundance results from a compromise
sate by invoking &mac = 60 kms™. _ solution, [N] = 7.80, where this value is also the lower limit.
The best fitting abundance, [N 8.08:0.11 (Fig. C.3), has \oreover, we estimate quite a large uncertainty (uppett)iofi
been obtained by the ‘curve of growth method’, and yields reg 4 dex, arising from our @iculties to fit all three ionization
sonable fits except for N114447, 4621, and Ni14003 which  stages in parallel. We favour a solution that provides a diod

are slightly overpredicted. for the N quartet and the I\ lines, whereas a larger abun-
dance, [N}= 8.20, is needed to fit the Ndoublet. From Fig. C.6
51.2. Giants it is clear that such a large abundance (red) is in disagreeme

with the remaining nitrogen lines. Of course, we also tridd a

N11-042 — BO Ill. We derive a lower projected velocity thanat hotter temperatures. Aty = 52 kK (close to the result by
Mok07, v sini = 21 kms?, as well as a lowefle, together Mok07), logg = 4.1 (which is still consistent with the Balmer
with a corresponding decrease of dor consistency with the line wings) andM = 1.510°® Myyr=2, it is possible to fit both
N 1/N mr ionization equilibrium. For this cooler solution, the heN v and Nv, for quite a similar abundance, [N] 7.75. At this
lium abundance needs to be lowered as Welé= 0.08, close to temperature, however, alliN lines have vanished though. To re-
the LMC He baseline abundance (see Sect. 6). cover them we would need to increase the abundance again, als

Due to the low rotational speed, we are able to clearly ifyy 0.4 dex. Because of the poorer prediction of it 71 we opt
spect all No and N lines (Fig. C.4) which are fitted almostfor the cooler solution. Since in both cases the impliecbgign
perfectly. The only discrepancy occurs amiN4097, caused by abundances are similar, this does not lead to severe pretitem
a coincident Gr line. We are able to see two strongi@bsorp- our further analysis, but requires larger error bars thaicsy).
tion lines at both sides of MA14640, and to the left of Ni14379
(where the former cannot be used for the diagnostics of aimil ] ] ]
stars with rapid rotation, N11-008, N11-029, N11-036, addN N11-031 — ON2 II(f*). This star raised the most severe dif-

045). ficulties in our sample when trying to fit the nitrogen lines
(Fig. C.7). Already its ‘ON’ designation indicates stronityo-
23 gimilar to Nm14640 which is strongly blended byi© gen features in its spectra, in this caserN14058 3480 (for the
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latter, see Walborn et al. 2004), and ther Noublet lines. We synthetic spectra by independemtrcen calculations. The re-
were not able to consistently fit these strong features eget sults are quite similar, in particularly the predictedimission
with the remaining nitrogen lines. In contrastiy6380 has al- lines are even a bit weaker than those producedalywino,
most the same strength as in N11-026. again pointing to a cooler solution.

If we try to reproduce the (rather weak, but clearly visi- We also tried to attribute the problematic feature to thespre
ble) Hei14471 in parallel with No and Niva6380, we obtain ence of X-rays, by means ofircen calculations including typi-
Ter = 47.8 KK, a bit cooler than N11-026, whilst MokQ7 derivedtal X-ray strengths and distribution, but almost fi@et on these
Ter = 45 KK, excludingTg; values larger than 47 kK based orines has been found (basically because the line forminigmeg
the helium ionization analysis. is still inside or close to the photosphere).

If, on the other hand, we try to fit the problematic lines, Of course, it would be helpful to consident\t3480 as well,
we need a much higheéfes. A consistent fit for all Nv lines which unfortunately is not included in our dataset. A by-eye
(including Niva6380) together with those from Wrequires comparison with the corresponding profile displayed in \&atb
Ter = 56 KK, logg = 4.00, andM = 2.210°® Myyr2, together et al. (2004, their Fig. 1) showed that both our cooler andenot
with a very high abundance, [N] 8.30. Clearly, this set of stel- solutions are not incompatible with this spectréin.
lar parameters neither reproduces therNnes nor the weak Thus, the nature of the strongi\14058 and N/ doublet
He114471. N11-031 has been previously analyzed by Walbofgatures remains open. Of course, binarity could be a fusi
et al. (2004) and Doran & Crowther (2011) using thevMv  solution, where a cooler component could be responsiblddor
lines (without discussion of Heand Ni). The former authors and Nm, and a hotter one for the intensasNand Nv lines. We
obtained quite similar parametefigg = 55 kK, logg = 4.00, and note that this is the brightesM{=-5.78) object of the O-star
a somewhat loweM = 1.0- 10°® Moyr—1, presumably becausesample and that other, previously thought single early aBsst
of a clumped wind (though clumping has not been mentionedjisplaying both strong N lines as well as the presence of He
At these parameters, they derived [N]8.00+0.18, which for their optical spectra such as CygOB2-22 and HD 93129A, were
our models would still be too low. Doran & Crowther (2011kubsequently resolved as binaries (Walborn et al. 2002arNel
only providedTes within their analysis, derivinG e = 54.7 KK et al. 2004). Thus, the binarity scenario for N11-031 needset
for this object. clarified in future investigations.

Because of the similarities with N11-026 (except for the two Note, however, that the other ON-stars discussed by Walborn
strong features), the fact thatit638G** behaves ‘normally’ et al. 2004, LH64-16 and NGC 346-3, seem to display very sim-
and that He14471 is clearly visible, the cooler solution withilar features, though the presence ofitienot as clearly visible
[N] = 7.83:0.15 cannot be discarded so far. We checked our
25 Interestingly, our cooler solution predicts somewhat stronger ab-

24 which turned out to be quite ‘reliable’ in the remaining objectssorption than the hotter one, even though the corresponding nitrogen
even for the hottest ones. abundance is significantly lower.
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as in our spectrum for N11-031. Similar, but less dramatighp dance, [N]= 6.98£0.20. These findings suggest that this object
lems are also found for those other sample stars where we wisref unevolved nature.

able to analyze Ni/N1v/Nv in parallel, namely N11-026 and

N11-060 (see below). While the presence of such discrepancie

in all these objects may point towards a less likely binamsc5-2-2. Dwarfs

nario for N11-031, we note that thefflirences inl¢; for the .
: : ; ) : 1253 — O2 V((f*)). This was one of the stars that were used
two alternative solutions reach 8,000 K in N11-031, and liam v Walbomn et al. (2002) to define the O2 spectral type, A

at moderate 3,000 K for the other two objects analyzed here. siightly hotter solution (by 1 kKTur = 54.8 kK) than in Mok07

We will reconsider N11-031 and other ON-stars in future in- : . A Ao :
vestigations, to clarify the question how it is possible avé was obtained, by using theiyN v ionization equilibrium. This

weak Hea and N in parallel with strong Nv and Nv. For the star was also analyzed by Massey et al. (2005) and Doran

remainder of this paper, however, we discuss the resultsXar (‘;‘ Crowther (2011). The former authors provide only a lower

. . . imit on Te¢ and a consistently lower lag(Ter > 48 kK and
031 in terms of both the cool and the hot solution, without pr - . :
ferring either of them. ogg = 3.9), both in agreement with the error bars by Mok07,

whilst Doran & Crowther (2011) derive a somewhat cooler so-
lution (by 2 kK) compared to our findings.
N11-038 — O5 II(f"). The parameter set derived for this stars Figure C.11 shows that NA6380, Niv13480, the Nv mul-
is quite similar to MokO07, with only slightly loweYye = 0.08  tiplet around 7120 A(where we reproduce the observed emis-
andv sin i = 100 kms™. This star displays a peculiar #1471 sjon), and the N lines are nicely fitted, with [N} 7.90:0.15.
profile of triangular shape that could not be reproduced éve At this Te; andM, no N is visible in the spectrum (see also our
invoking macro-turbulent broadening (as speculated by®#9k discussion on N11-031). The feature located aroumadiM634
We obtain [N]= 7.85+0.15, similar to the case of N11-032,corresponds to @14632. On the other hand, we were not able
by means of quite a good fit to all lines from three ionizatioto reproduce the rather broad emission oftA4058 (a larger
stages. Besides the peculiar 144471 profile, Nv16380 shows v sini is inconsistent with the remaining lines). For this star,
contamination by the DIBs atd 6376.08, 6379.32, and thewe compared again with @ircen model at similar parameters,
N v4603 absorption is much stronger than predicted, contfasia particular with the same [N]. Contrasted to our solutithg
to the other component. width of the Niv emission line could be fitted, whilst the other
lines indicated either a hotter temperature or a higher ddnice.

Sk—66 100 — O6 lI(f) is one of the field stars within our sam-

ple. The inspection of the He fits suggests no major revisiong|237 — 02 V((f)). As for BI253, the nitrogen ionization
of the values provided by Mok07. equilibrium favours the hotter solution proposed by Mok07

Figure C.9 shows the best fit to the nitrogen lines. An abu(iF; = 53.2 kK) rather than the cooler limit derived by Massey
dance of [N]= 8.48:0.15 was needed to obtain a consistent fiet al. (2005). Our result is also consistent with the work loydh
This large value agrees well with the large He content foumd fg Crowther (2011). This object is quite similar to BI253 with
this object,Yye = 0.19. However, we also found some problemgomewhat thinner wind.

regarding the N fits, except for the multiplet around 3480 A Figure 7 displays a good fit for the nitrogen linesyNA058
where the fitis perfect. Interestingly, we were able to ‘Ctirese  oes not show a broad profile as in BI253, and we are able to per-
problems by invoking a clumped wind with, = 0.2, with N0 form an excellent fit to this line. We derive a lesser enrichine
significant changes in the remaining nitrogen lines. than for BI253, with [N]= 7.38:0.15.

N11-032 — O7 1I(f). No major problems were found for thiSy ;1 060 — 03 V(f)). With Ter = 48 KK, which is about 2 kK

star. Our solution is slightly hotter than in Mok07, and We-pr pter than in Mok07, we found a consistent description e

ferred a typicap V?"‘_Je for Q-starsG = 9'80' and nitrogen. As argued by Mok07, IH&l471 is similar to N11-
An excellent fit is obtained for this star of the (f) categoryz1 and they derived a similakg around 45 kK for both stars.

(Fig. 6), resulting in [N]= 7.87+0.15 for both the Nu triplet oy findings indicate a larger value for both stars, indigathe
and the quartet lines. The fit quality ofilt4097 is remarkable jnternal consistency.

as well. Note that for this star MA4003 has not been observed. Again. we encountered the problem already met for N11-026
Since the Nv lines are weak and rather noisy, we can only state gain, b y

that our simulations are consistent with the observations, ~ @d N11-031, L.e., itis ratherfiicut o fit the lines from three
different nitrogen ionization stages in parallel, see Fig. Qe
opted for a compromise solution with [N]8.20+0.30, which is
N11-045 — O9 lIl. Our analysis is in good agreement witifjuite large but in line with the helium enrichment. Note thvat
Mok07. We confirm that a low He abundance (lower than tHso estimate quite a large upper limit, motivated by thiovel
estimated LMC He baseline abundance) matches the obsefag-reasoning.
tions. As for N11-026, we considered the impact of a hotter solu-
The only clear N-abundance indicators are ther luar- tion. With Teg = 51 kKK and logg = 4.1, we are able to fit both
tet lines, since most other lines are weak and the spectrumNisy and Nv at a similar abundance, [N] 8.15. To recover the
noisy (Fig. C.10). Nu14097 is also weakly visible, and consisN i triplet lines at such hot temperatures, however, requines a
tent with the quartet lines. Around thigg, the N triplet turns  increase of [N] by roughly 0.3 dex. Thus, we are able to derive
from absorption to emission, and thus this object does net keequite similar nitrogen abundance foffdrentTg, either using
long to the ‘f’ category. The absence of lines, the fact that t the Ni/N v or N1v/N v ionization equilibrium. The upper limit
star does not display a fast (projected) rotation, and theleer  results from the condition to match eithervMr N, respec-
helium content is consistent with the very low nitrogen abunively.
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Sk—70 69 — O5 V((f)). For this field star, we had some probdine clearly appears in absorption, whereas our model With
lems to reconcile fHe and N at the parameters provided bjrom Mok07 predicts much too less absorption, we lowevked
MokQ7. Our final solution is cooler by 1 kK, and we derivedut were able to preserve the fit tq lHnd the remaining nitrogen
Yhe = 0.14 which is lower than th&}e = 0.17 estimated by lines. By the inclusion of clumping we obtained an even bette
Mok07. fit quality, with [N] = 8.170.15 from Nt and Niv.

Figure C.13 presents the best fit for all nitrogen lines, for

[N] = 8.05:0.15. There are only two disagreements: the ‘right,’\lll 066 —07 V((f). T .
X ; : X - - . Ter and logg as derived by MokQ7 turned
wing of Nmi14634 is predicted a bit too narrow, andwh4058 out to be inconsistent with the iN/N 1v ionization equilibrium.

is predicted to be in very weak emission, contrasted to tsemb We had considerable problems to fit bothuNand Niv lines at

vations. We consider the fit as acceptable, particularlgesina o <one apundance, and particularly to reproduce thembsor
clumped wind this weak emission becomes almost SUPPTESSEfhn within Niva4058and the N quartet lines. To this end, a

lower Teg was mandatory, but only rough estimates using our

N11-051 — O5 Vn((f)). This star is the fastest rotator in ourcoarse grid could be obtained, resultingTigr = 37 kK and
sample, and we derived a slightly highesin i and coolefTe;. 1099 = 3.7 dex, which are 2.3 kK and 0.17 dex lower than the
As well, we used a prototypical value gf= 0.8 instead of the Values provided by Mok07, respectively. The gravity is seme
rather lows = 0.6 derived by Mok07, implying also a lowds1. What low for a dwarf but still inside the error bars assigngd b

Unlike N11-033, where the fast rotation removes almost dfiok07. With these values, we determined [NB.17:0.20, see
information, this object shows themtriplet in emission, which F19- C.18, which seems rather large % = 0.1.
is quite well reproduced by our model, with [N 7.58:0.20

(Fig. C.14). At such higlv sini, these lines are blended withy11-068 — O7 V((f)). As for N11-066, we were only able to fit
CmA14647—- 4650— 4652. Since carbon is not included in oUkne HHe and N lines by means of the coarse grid. Thigedi
calculations, it is not possible to predict the right wingtbé ances to the results by Mok07 are significant, but still cetesit
blended profile. The fact that the carbon triplet has the samth the observations and identical to those of N11-066 Whic
strength as the i one indicates that this star could belong t¢as the same spectral type.
the newly defined Ofc category (Walborn et al. 2010; Sota.etal |, contrast to N11-066, however, particularly thenNriplet
2011), which seems to be strongly peaked at spectral typ@OSdhows weaker emission, and thus a lower fNJ.85£0.20 has
all luminosity classes. been found, see Fig. C.19.

The only problem of our fitting procedure is found for
N1v24058, predicted to be in slight emission and actually not _
present in the observed spectra. Contrasted to the caselef NY11-061—09 V. Contrasted to Mok07, we chose a prototypical
058 and N11-065, it was not possible to circumvent this ejser Value for the velocity field exponeng, = 0.8, together with a
ancy by loweringM, since the fit to H becomes inacceptable'ﬂ!rger v_alue forM. All H/He lines could be reproduced without
then. By means of a clumped wind with lowkt, on the other difficulties. S
hand, we can fit both Hand obtain a better result foriN14058, The nitrogen analysis is quite similar to the case of N11;045
whilst not compromising the remaining nitrogen lines. and we derived [N} 7.18t0.15 from Nm alone (Fig. C.20).

N11-058 — 05.5 V((f)). To find a consistent solution for all H, N11-123 — 09.5 V((f)). Our parameters are very similar to

He, and N lines, a very lowl = 0.01:10°6 Myyr* is required MokO07, and Fig. C.21 shows our solution forufN m. Even

(similar to the case of N11-065), and also a low do@.14 dex though the rotation is not extreme, almost no nitrogen iblés

lower than Mok07), which is still consistent with the Balnige ~ @nd the features overlapping with the ‘non-existenti 4630
This was the only O-star that could be analyzed by tH§€ infer avery low nitrogen content, [Nj 7.00£0.15, roughly

‘curve growth method’ with respect to [N] anghic. The de- corresponding to the LMC baseline abundance.

rived value ofvmic = 6+3 km slis lower than for the other O-

stars, though such aftrence does not drasticallffect the N11-087 — 09.5 Vn. Also for this rapid rotator, we found good
derived abundance, as argued in Sect.4.4. Quite a large abdffireement with Mok07. Due to rotation, all nitrogen lines ar
dance, [N]= 8.09:0.15, was determined which fits all the linesgiluted into the continuum (Fig. C.22), and only an upperitim
(Fig. C.15). for [N] could be estimated, [Nk 7.38.

Sk—66 18 — 06 V((f)). Our estimates agree well with thos : :

from Mok07. As for Sk-66 100, we found a very large ni-e6' Discussion

trogen abundance, [N} 8.48:0.15 (Fig. C.16). Note that the 6.1. Comparison with results from Mok07

N 1v14058 line is predicted in weak emission but appears in ab- i ) ) i

sorption. Again, lowering/l was not séficient to cure this prob- In our discussion of the derived results, let us first conegat

lem. A somewhat better fit to the this line was obtained for & & Prief comparison with the findings by Mok07 (see Table 5).

weakly clumped wind withfy = 2.3, included in the figure. Except for few cases, we derive somewnhat codlgr To a cer-
tain extent, this might be attributed to the improved terapee
structure in the newastwinp version, and also to the possibil-

N11-065 — 06.5 V((f)). Our best fit to the He lines indicatesity to exploit the nitrogen ionization equilibrium. The ¢gast

Yhe = 0.13, lower than the value derived by Mok0%,. = 0.17. changes concern N11-026 (4.3 kK cooler), and N11-031 (al-

As already discussed in Sect. 4.3, a satisfactory reprauof ready the cooler solution is 2.8 kK hotter). For the earlgtats

N 1v.24058 requires a very lom = 0.051076 Myyr~2. Since this in our sample (two O2 dwarfs and two O2 giants), we determine
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a temperature range of &7 < T < 54.8, quite similar to Table 7. Comparison between nitrogen abundances derived by means
Mok07, but now including N11-031, since we infer hotter solwf rastwinp and by Hunter et al. (2009), using their stellar parameters
tions for this object. Massey et al. (2005) found a similaxge, and Nu diagnostics alone.

using two dwarfs and two giants. Gravities changed in parall

for most of the cases, with 0.10 an0.43 dex as largest positive Star Sp. Type  [N]tw. [N]Hunter
and negative dierence, respectively. Stellar radii show a very N11-029 09.71b 7.20 7.10
good agreement, even for the two stars with the most extreme N11-036 BO.51b 7.86 7.76
changes i (less than 5% dierence inR,). “ﬁ:ggg ggﬁl'b 67';399 67;324
RegardingM, we derive values which are typically lower by N11-072 BO.2 1Nl 743 738

less than a factor of twoA(logM =~ —0.1... -0.4 dex), with a
maximum change of1.2 dex for N11-058 based on our analysis
of the nitrogen lines. The agreement of the resultfhgvalues o their influence on the metallic abundances when using line
is good, except for two stars withfiiérences considerably largefirom one ionization stage only.
than the adopted errors. For both stars (Sk-6@and N11-065),  Anyhow, Hunter et al. (2007) decided to keep their cooler
we find a lower helium content. solution, to preserve the internal consistency of theiyais

The largest dferences relate to sin i andvmic. Differences Consequently, the nitrogen abundances derived in the mirese
around 30-40% iv sin i stress the importance of obtaining thistudy are systematically larger, due to our highigf (leading
parameter in a separate step, when using an automated fittmintrinsically weaker Ni lines), withATes ~ 1kK for N11-008
method. The substantial f(Brences invmic, on the other hand, and N11-072, and: 2kK for N11-036. For N11-042, th&
should not be regarded as worrisome though. To a major pastrather similar, and for this object the derived [N]-vaila-
Vmic has not been literally derived during this work, but was onlgleed overlap by better than 0.1 dex. Also for N11-029, Tagr
adopted (asmic= 10 kmst), where the resulting fit quality did is rather similar, but we derive a 0.1 dex lower gvhich leads
not indicate any problems with this value, within5 kms™. to weaker Ni lines.
Only for four mostly cooler stars we were actually able temf  To check our model atom and our diagnostic approach, we
more robust estimates, indicating quite a low. ~ 5 kms™. performed an additional analysis by reproducing the caoreit
Note, however, that the latter value refers to nitrogerslioely, adopted by Hunter et al. (2007), i.e., we used their steieam-
and inconsistencies ibmic from H/He (used by Mok07) and eters (with negligibleM to mimic TLusty models) and M lines
metal lines have been found already in various studies. only, within the ‘curve of growth’ method and adopting thilin

Since the topic of a potential relation betwegg and stel- equivalent widths and uncertainties. For N11-029 and N424,-0
lar type (logg!) is of recent interest® because it might indicate we could only perform a ‘by eye’ estimate because Hunter.et al
(together with other evidence) the presence of sub-sudane considered one N line alone. Corresponding results are com-
vection (Cantiello et al. 2009), a more thorough investayats pared in Table 7, and the agreement is almost excellent.
certainly required. A derivation from light elements widcome Thus, we conclude that the consistency of nitrogen abun-
difficult for the hotter O-stars though, due to the restricted-nurglances in the overlapping B- and O-star regime is satisfacto
ber of visible lines and the complex formation mechanisnhef t and that the dferent codes and methods produce a reasonable
ubiquitous (photospheric) emission lines. Here, it wiltbme agreement. However, thei®a slight dfset on the order of 0.1
advantageous to exploit the information contained in theerd  to 0.2 dex, which we attribute mostly tofflirent efective tem-
ous UV Fe and Ni lines (e.g., Haser et al. 1998). peratures. Since our analysis is based on batraNd Nm lines

(in contrast to Hunter et al.), and has been performed inllphra

) ) with the analysis of He, we prefer our values though.
6.2. Overlap with B-star nitrogen analyses

To ensure the consistency between O-star nitrogen abueslarg 3. Nitrogen abundances

from this (and upcoming) work and previous results from &st _. . . . .
(using diferent codes, model atoms and analysis methods)Tiguré 8 summarizes the basic outcome of our analysis, by dis
more thorough inspection of the cooler objects is certaialy P/aying the derived nitrogen abundances as a function afsge
quired. Indeed, we are able to compare with alternativegén type and helium content, together Wl_th the LMC baseline abun
abundances from some overlapping objects (compiled bygdunfiance from Hunter et al. (2007). Evidently, there are only fe
et al. 2009, see Table 6), which base on stellar parameters pBPler objects located close to the baseline, whereas tj@-ma

tained b of d using the Sii/Sitv ionizati ity of the objects (independent of luminosity class!) ioagly
eac;ﬂﬁibrigmnEeH?Ester ;f;?z%%nl_mng e SiySiiv onization enriched, with [N]in between 7.5 and &4Five objects display

) , extreme enrichment, with [N] from 8.17 to 8.5, which is close
e e o caarcch the maximum irgen conient gven by the CNO ecbrium
sults from Mok07 (who used exclusively H and He), but al alue for nitrogen, [N}ax ~ 8.5. However, this is well above the

S . X L. X
pointed out thall ¢ estimates based on Ha4541 would be in gglré%?tr;g? ’[Z;Zalfrgiq(g)rrotat :?gl sztgrlxvagh an initial rotational
much closer agreement. This is even more true regarding OUN +1e lower panel of Fig. 8 is. more pfomising though. There

‘new’ values, which lie in between the Hunter et al. estimate ; ;
from Si and those from Mok07. Suchftéirences iy derived Seems to be a strong correlation between the nitrogen afmthe

. . : lium enrichment, here displayed logarithmically. The LME-h
either from metals or from e are somewhat disturbing, dueIium abundance should be located, in terms of number fractio

aroundYye = 0.08-0.094 corresponding to [He] 10.90-10.97

26 e.g., Mok07 found a weak correlation for objects with ¢pg 3.6;
see also Kilian et al. (1991), Gies & Lambert (1992), Daflon et al?’ Note that most stars have ‘normal’ or only moderately enriched he-
(2004) for similar results for Galactic B-stars and Hunter et al. (200%ym abundances (see below) so that the high [N] cannot béfact ®f
for LMC B-stars. decreasing H content.
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Fig. 9. ‘Hunter-plot’ displaying the nitrogen abundance vs. projected
rotational speed. Population synthesis from Brott et al. (2011b),for
. > 29kK and a magnitude limi¥ < 1529, shown as a density plot in
} } ] the background. The color coding corresponds to the number of stars
] per bin, with binsize 5 km$x 0.04 dex. Overplotted are data from
. this study. Black: N11 stars; blue: field stars. Circles, diamonds and
} ] squares correspond to objects with low, intermediate and strong helium
] enrichment, respectively (see text). Alternative solutions for N11-031
(intermediate He enrichment) as in Fig. 8.

85

T
N

] derlying simulation assumes a rather broad Gaussiananédti
] velocity distribution as derived for LMC early-type stapgak-
""""""""""""""""""""""""""""""""""""""""""""" ] ing at 100 km s'with a standard deviation af = 140 kms*
i : . (Hunter et al. 2008b, 200$%,and random inclinations.
6.5 b - '9'* """ s s PP s Such diagrams ([N] vs¢ sin i, compared with evolutionary
) T12 + log [He/H] ’ calculations) have been presented the first time by Huntat: et
(2008a), to summarize the outcome of the B-star analyséswit
Fig. 8. Nitrogen abundances derived for our LMC sample. Upper panéhe FLAMES-I survey, and to investigate the predictéi@es
As a function of O-star spectral type (*10-12’ correspond to BO#Be; of rotational mixing. One of their major findings was the un-
Ter, sSee Table 6). Lower panel: As a function of helium content, 1@xpected presence of a significant number of objects witlr slo
+ log(He'H) = 12 + log(Yue). Red: luminosity class I-1I; blue: 1lI-V. rotation and large enrichment, not predicted by (singie)she-
Arrows indicate upper or lower limits. Alternative solutions for N11pry, so-called ‘group 2’ objects.
031 (see Sect. 5_) are |nd|cat_ed byatrlangle and an asterisk for the coolér| the O-star case now, this problem becomes even more se-
an ggtgeerxs%[ﬁgogégt‘zzpﬁﬁgﬁ%;; gfeetf]t"sml_""‘\;%ﬁr{ﬁgg;‘;or(Lougn({g?)et vere. We refrain here from a detailed statistical analysiis;e
2007) and the average helium (see text) baseline abundances. Somi eonu.mber O.f investigated objects is too low, and postpbise t
jects have been slightly shifted horizontally, because of better visibility. Jectlve until the results from the FLAMES Tarantula_ syrve
with more than 200 ‘useful’ O-stars) have become available
Nevertheless, the trend is obvious. Roughly one third of the

(Russell & Dopita 1990; Maeder & Meynet 2001; Vermeij &Varpbjects are located at positions where they should be exghect

der Hulst 2002; Peimbert 2003; Tsamis et al. 2003), and agrdi10e at the baseline and the ‘diagonal’), another orrel-thio-
quite well with our minimum values for the derived helium abu Catéd at the predicted upper limit, and the last one-thiey¢hd

dance. We found only five stars with considerable enriched ] = 8.0) extends to very large values where the predicted popu-
trogen close to this value, three (super-)giants and twarfdwa 'ation density is aimost zero. Let us note that the two objeth
but note also the attributed uncertainty in helium contercept 1€ largest [N] enrichment«(8.5 dex, which is (incidentally?)
for these objects, the correlation is almost perfect, acetis a 1USt the maximum nitrogen content given by the CNO equilib-
certain clustering around the pair [He]1.0[N] =8.0. rium value) are two field stars, Sk=6600 and Sk-6618, one

A somewhat dierent view is provided in Fig. 9, which dis- O6 giant and another O6 dwarf. Both stars did not present any
plays the so-called ‘Hunter-plot’, nitrogen—abund,ance o- difficulties in the nitrogen analysis, thus indicating a reabtma

jected rotational speed, for all our sample stars Wigh> 29 kK. quality. .
N-11 stars are indicated in black, field stars in blue. Caroth- . . (Ijn tferms cl);‘_ the orlglrllgleudnter etdaL. s:’:tmpleé?r’c_)rlrj]ghly two-
amonds and squares correspond to objects with ¥ 0.1), third of our objects would be denoted by ‘group®2’The cor-

intermediate Yye = 0.1), and strong¥e > 0.1) helium enrich- responding number of objects is so large that inclination ef

ment, respectively. o , 28 gypergiants and stars above 5 have been discarded from their
The background of this figure consists of results from thgalysis, to avoidféects from mass loss induced spin-down.

recent population synthesis by Brott et al. (2011b), forot 29 |n contrast to the B-star ‘group 2' objects, however, the devia-

jects withTeg > 29 KK, and a magnitude limit (correspondingions between predictions and ‘observations’ for some of the objects

to our sample) ol < 15.29, shown as a density plot. The un-are much more extreme.
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fects w.r.t.v sini should be irrelevant. Interestingly, however, three stages, i, N1v and Nv, are visible, we needed to aim
the corresponding He-abundances are in line with our fireding at a compromise solution. Real problems were encountered
The first group has a low abundance (Fig. 9, circles), the sec- for one star, N11-031 (ONZ2 llI{j), where only either He

ond group mostly consists of enriched objects (diamondg), a N and Niva6380 (at cooleflg;) or Niv and Nv (at higher

the third one comprises objects with considerable He envécit Te) could be fitted in parallel. The fierence in the derived
(squares). Thus, in parallel with the derived correlatietween Ter amounts to 8,000 K, which is far from satisfactory, and
observeditrogen and helium content, the discrepancy between requires future gort to resolve the problem. A solution in
observations and theory becomes the stronger the largetghe  terms of binarity, though somewhat unlikely, cannot bedule

abundance is. out so far.
In evolutionary models is the amount of He transported t6. For some cooler objects already analyzed by Hunter et al.
the surface strongly controlled by the paramefigrwhich de- (2007) by means ofrusty using N lines alone, we found

scribes the inhibiting fect of mean molecular weight gradients  differences in [N] on the order of 0.1 to 0.3 dex, with larger
(in this case, the H-He gradient) on the transport of element values from our analysis. Thesefdrences could be exclu-
(see Heger & Langer 2000). The models of Brott et al. (2011a) sively attributed to dferent stellar parameters, mosilyg.
have adopted, = 0.1, from an earlier calibration of Yoon etal. ~ Overall, however, are the nitrogen abundances in the over-
(2006). Lowering the sensitivity to the mean molecular vaeig  lapping B- and O-star domain consistent within a reasonable
barrier would increase mixing of both, nitrogen and helidon, error.
the surface, but also reduce the minimum mass and veloeity i@ Within our sample, we found only three cooler objectse&los
quired for chemical homogeneous evolution in the models (se to the LMC nitrogen baseline abundance, [Ndjne= 6.9.
also the discussion in Heger & Langer 2000). Given the ptesen The majority of the analyzed O-stars (independent of lu-
values of [N] andYye, it might be possible to derive further con-  minosity class) seems to be strongly enriched, with $N]
straints onf, in future work. 7.510 8.1. Five objects indicate an extreme enrichmenh wit
[N] =8.17t0 8.5.
7. There is a rather good correlation between the derived-nit
7. Summary gen and helium surface abundances.
8. Comparing the nitrogen abundances as a functionsf i
5with tailored evolutionary calculations, we found a signifi
cant number of highly enriched, lowsini (‘group 2’) ob-
jects. Interestingly, the correlation between He and N be-
comes also visible in this comparison: Whilst most objects
with unenriched He are located just in the region where the
predicted population density is largest (accounting ftecse
1. In O-stars, the dominating process responsible for the N tion effects), objects with enriched He are located at the up-
line emission is the strong depopulation of the lower level per limit of this distribution and above, and particulatipse
by the ‘two-electron’ transitions 3g> 2p?, of (mostly) pho- with the largest He enrichment lie well above this limit.

tospheric origin. This drain increases as a functionvf - . .

because of increasing ionizing fluxes (which are coupled py'€ t© the low initial (baseline) nitrogen abundance, thiede

the Hen continuum), leading to more depopulation of théon Of strong nitrogen enrichment in the bulk of O-stars inhig

ground and the coupled 2states. Resonance lines (as fOpﬁdlcate that #icient mixing ta!<es place already during the very

the Ni emission triplet) do not play a role for typical O-sta 2"y Phases of stellar evolution of LMC O-stars. Neveghs)

mass-loss rates and below. it would be premature to draw firm conclusions from our re-

Since in addition to nitrogen there are many other elemerg,l%ts\’/f_l'_?gf AEpAeESSa'rpaF;I:niljzlae Issurs\zgl l‘szvhitéﬁcv?lm'gg EjeeSrLi{/hg]fin

which display optical line emission in the hot star regime ~. . y (wr

(C, O, Si), it might be suspected that similar process@ss'm'lar way as presented he_re, drawmg from our exper)gnce
] ' il enable a more complete view. In particular, the deteramri

might be invoked, because of similar electronic configura- . . .
tionstransitions. ion of O-star nitrogen abundances in the LMC will place very

2. To infer the nitrogen abundances, we re-determined éte s{ight constraints on the early evolutionary phases of @ssiad

lar and wind parameters, by means of ‘by eye’ fits, startinaus on the theory of massive star evolution.
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In this paper, we investigated therh\4058 emission line for-
mation, determined the nitrogen abundance of a sample of 2
LMC O- and early B-stars, and performed a first comparison
with corresponding predictions from stellar evolutionlirding
rotational mixing. The results of this work can be summatize
as follows.
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Appendix A: Details of the nitrogen model atom Table A.1. Electronic configurations and term designations of our N
model ion. The level numbers correspond to the entries in the Grotrian

This section provides some details of oumNN1v and Nv diagrams in Fig. A.1, for the singlet and the triplet terms.

model ions (corresponding material fortNhas been already

presented in Paper I). Configurations and term designations # Configuration Desig.| # Configuration Desig.
outlined in Tables A.1, A.2 and A.3, whilst Figs. A.1, A.2 and 1 1¢ 2 2p? 207 %P |26 1228 2pPP°) 4p 4p'P
A.3 display the Grotrian diagrams for thenNsinglet and triplet 2 1¢ 28 2p? 2p'D |27 1828 2pCP°) 4p 4p°D
system (the quintet system comprises five levels only), the N 3 18 28’ 2p? 2p's |28 18 2¢ 2p(P°)4p 4p°P
singlet and triplet system, and thevNloublet system, respec- 4 18 2s2p 2p°°%° |29 1828 2pCF°) 4p 4p°S

1€ 25 2§ 2p°3D° | 30 18 2¢ 2p@P%) 4p 4p!D
1€ 25 2§ 20° %0 |31 1€2s2B(*P)3s  3s°S

tively. In these figures, important optical transitions agqg in 2
7 182s2p 2p° D0 | 32 1229 2pPP°) 4p 4p'S
8
9

Table 2 are indicated as well.

1€ 28 2peP°) 3s 3s3P? |33 1222 2pPP°) 4d  4d3F°
1€ 28 2p@P°) 3s 3s!P? |34 1228 2pPP°) 4d 4d'D°
10 1€2s2p 2p° 33 |35 1228 2pPP°) 4d 4d3D°
11 1222 2peP°) 3p 3p'P |36 1222 2pPP°)4d 4d3F°
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13 122s2p 203 10 | 38 1€ 2< 2pPP) 4f 4f3F
14 1222 2pPP°) 3p 3p3S |39 1829 2pPP°) 4d 4dF°
15 1222 2pCPP°) 3p 3p3P |40 1229 2pPP°) 4f 4f 3G
16 1229 2pPP°) 3p 3p'D |41 1229 2pPP°)4d 4d'P°
17 1222 2pCP°) 3p 3plS |42 1228 2pPRY) 4f 4 G
., g n—n—a 18 1828 2p(P’)3d 3d°F° |43 18 28 2p(PY) 4f 4f °D
2.0x10% 26— ,c - 19 1229 2pPP°) 3d 3d'D° |44 1228 2pPFP°) 4f 4F D
—23 — 19 —22 20 122<2peP°) 3d 3d3D° |45 122s2p(*P)3s 3s°P
7 — 16 21 1829 2peP°) 3d 3d3P° |46 122s2p(*P)3p 3p3S°
. —n 2 22 1829 2peP°) 3d 3dF° |47 122s2p(*P)3p 3p’°D°
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Table A.2. Electronic configurations and term designations of ouw N
model ion. The level numbers correspond to the entries in the Grotrian

5.0x10* |- diagrams in Fig. A.2.

—3 NIl SINGLET SYSTEM

# Configuration Desig.| # Configuration Desig.
1 1829 297S [26 18 2pPP},)3d 3d*F
2 122s2p 2pF° |27 182s4p 4pHPP

3 1£2s2p 2pF° |28 1€2s4d 4D
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5
6
7
8
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Fig. A.1. Grotrian diagrams for the Nsinglet (upper panel) and triplet Appendix B: Tests of the N 1 model ion
(lower panel) systems. Level designations refer to Table A.1. Impbrta
optical transitions are indicated by green lines and numbers referrindfigures B.1 to B.7 refer to tests of ournNmodel ion, as de-
entries in Table 2. scribed in Sect. 2.2.1. Figure B.1 compares electron tesmper
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Fig. A.2. As Fig. A.1, but for the Nv singlet (left) and triplet (right) system. Level numbers refer to Tabz A.

Table A.3. Electronic configurations and term designations of our N

MM T T T T T T T T T T T T T T T T T T T T T 111t model ion. The level numbers correspond to the entries in the Grotrian
diagram Fig. A.3.
. # Configuration Desig. # Configuration Desig.
Bx107= . 1 1€2s 28%S [15 1€6s 657S
—21 —22—2 —24—25 —26—27 2 1€2p 2p?P° | 16 1€ 6p 6p2P°
_n i i & 3 1€3s 3¢S 17 186d 64°D
s e 4 18 3p 3p?P° | 18 18 6f 6f 2F°
6x10°-—6 N 5 1g3d 3d°D |19 1€ 6g 69°G
~ 6 124s 48’S |20 126h 6h2H°
3 - 7 124p 4p°P |21 18 7s 75%S
o —3 8 1g4d 4d°D |22 12 7p 7p2P°
Ax10° i 9 1g4f 4f2F° | 23 1€ 7d 7d’D
10 125s 55°S |24 138 7f 7120
11 1€5p 5p2P | 25 1279 79%G
12 1€5d 5d°D |26 12 7h 7h2H°
s 13 185f 5f2F0 | 27 12 7i 7i 2l
o 7 14 1$5g 592G
—2
ol i T\:DIOUIBLIUISYISTIEMI | section. Blue and red spectra show corresponding syntliratic

ZS ZSO ZP ZPD ZD 200 ZF 2F0 ZG ZGO ZH ZHO 2| 2|0

profiles with [N] at the lower and upper limit, respectivelior
N11-031 (Fig. C.7), we show the fits corresponding to the two

alternative solutions for this star (see Sect. 5). For tetai the
Fig. A.3. As Fig. A.1, but for the N model ion. Level numbers refer to line fits, see Sect. 5, and for adopted stellar parametersl@nd

Table A.3.

rived nitrogen abundances inspect Table 4 and Table 6,cespe

tively. All fits are based on unclumped winds except exglicit

tures and densities for B-star parameters calculatedsywino
andrLusty, whilst Figs. B.2 to B.7 compare corresponding syn-
thetic Nu line profiles from these two codes and from calcula-
tions by Przybilla et al. (priv. comm.).

Appendix C: Line fits for individual objects

Figures. C.1to C.22 display the observed (green) and bigstfi
optical nitrogen spectra (black) for all our objects, excip
N11-072, N11-032, and BI237 which are contained in the main

stated.
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Fig. B.2. Comparison of important optical Nline profiles for a model witi e = 20 kK and logg = 3.0, for models — see Table 1 — FW (black),
FW2 (red), TL (green) and Prz (blue). Note thatt N 3995 is not present in the BSTAR2006 grid.
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Fig. B.3.As Fig. B.2, but forTe = 20 kK and logg = 2.5, for models FW (black), FW2 (red), and TL(green).
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