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ABSTRACT

Context. B-type supergiants represent an important phase in the evolution sfiveasars. Reliable estimates of their stellar and wind param-
eters, however, are scarce, especially at mid and late spectral ssibtyp

Aims. We apply the NLTE atmosphere code FASTWIND to perform a spectpisabudy of a small sample of Galactic B-supergiants from
BO to B9. By means of the resulting data and incorporating additional datfieen alternative studies, we investigate the properties of OB-
supergiants and compare our findings with theoretical predictions.

Methods. Stellar and wind parameters of our sample stars are determined by lfile fiting, based on synthetic profiles, a Fourier technique
to investigate the individual contributions of stellar rotation and “macrodierice” and an adequate approach to determine the Si abundances
in parallel with micro-turbulent velocities.

Results. Due to the combinedfEects of line- and wind-blanketing, the temperature scale of Galactic Brgiapés needs to be revised down-
ward, by 10 to 20%, the latter value being appropriate for stronger wibdspared to theoretical predictions, the wind properties of OB-
supergiants indicate a number of discrepancies. In fair accordaititeeeent results, our sample indicates a gradual decreasgover the
bi-stability region, where the limits of this region are located at loWwgrthan those predicted. Introducing a distance-independent quéntity
related to wind-strength, we show that this quantity is a well defined, moigatynincreasing function of ; outside this region.Inside and
from hot to cool,M changes by a factor (in between 0.4 and 2.5) which is much smaller tegmeticted factor of 5.

Conclusions. The decrease in, over the bi-stability region isot over-compensated by an increasevbf as frequently argued, provided that
wind-clumping properties on both sides of this region do nfiedsubstantially.
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1. Introduction sample of stars investigated so far. Given the fact that B-SG

represent an important phase in the evolutionary sequence o

Hot massive stars are key objects for studying and undfzsqive stars, any study aiming to increase our knowledge of

sta'ndl.ng many excnmé:] phenorTE)ena In kt]h.e Un'VerfS? Suﬁh tse stars would be highly valuable, since it would allow se
rg-lonlsat|on an'c}/-ray urstgrs. uetot eir powertu stellarg g important issues to be addressed (see below).
winds hot massive stars are important contributors to teench

ical and dynamical evolution of galaxies, and in the distant Compared to O-type stars the B-SG spectra are more com-
Universe they dominate the integrated UV radiation in yourglicated due to a larger variety of atomic species being visi
galaxies. ble, the most important among which is Silicon, the main tem-

While the number of Galactic O and early B stars witRerature indicator in the optical domain. Thus, the repeedu
reliably determined stellar and wind parameters has psagréon of these spectra by methods gfantitative spectroscopy
sively increased during the last few years (e.g., Herrerl.et is a real challenge for state-of-the art model atmosphetes;o
2002; Repolust et al. 2004; Garcia & Bianchi 2004; Bouret &tnce it requires a good knowledge of the physics of these ob-
al. 2005; Martins et al. 2005; Crowther et al. 2006), mid ariicts, combined with accurate atomic data. In turn, anyresc

late B supergiants (SGs) are currently under-representéaei ancy that might appear between computed and observed spec-
tral features would help to validate the physical assumgtio

Send offprint requests to: N. Markova, underlying the model calculations as well as the accuracy of
e-mail:nmarkova@astro.bas.bg the adopted atomic models and data.
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Numerical simulations of the non-linear evolution of th&able 1. Galactic B-SGs studied in this work, together with adopted
line-driven flow instability (for a review, see Owocki 1994)photometric data. For multiple entries, see text.
with various degrees of approximation concerning the ktahi
ising diffuse, scattered radiation field (Owocki & Puls 1996,
1999) as well as more recent simulations concentrating en tRbject spectral  member- d V. B-V  (B-V)o My
outer wind regions (Runacres & Owocki 2002, 2005), predidtiP#) _type ship

that hot star winds are not smooth but structured, with clum 190 2(5)2 S(l)'g :Z 157 5.62 0.760 016 72*21
ing properties depending on the dist_ance to the §tel|gase|rf ' ' 5:62 0:5&0.02 ' _715')3
However, recent obse.rvanopal studies of clumping in O_—S.C‘ﬁ)6 165 B2Ib  Cep OB2 0.834.76 0.246 019  -6.19
have revealed inconsistencies both between results atiginggg 478 g2.51a CygOB7 0.834.81 0.571 012 -6.93
ing from different wind diagnostics, such as UV resonance 4.84 0.46-0.01 -6.37
lines, H, and the IRAadio-excess (Fullerton et al. 2006; Pulsj91243 B51b  Cyg OB3 2.296.12 0.117 012 -6.41
et al. 2006), and between theoretical predictions and wbder 1.73 -5.80
constraints on the radial stratification of the clumpingtdac 199478 B8lae NGC 6991 1.845.68 0.408 -0.03  -7.00
(Bouret et al. 2005; Puls et al. 2006). In addition, therecdre 212593 B9 lab -6.5*
servational results which imply that clumping might depend 202850 B9lab Cyg OB4 1.004.22 0.098 -0.03  -6.18
wind density. Because of their dense winds, B-SGs might pfgumphreys (1978}, Garmany & Stencel (1992);Barlow & Cohen
vide additional clues to clarify these points. (1977);" Denizman & Hack (1988)

Due to their high luminosities, BA-SGs can be resolved ando™ calibrations (Humphreys & McElroy 1984)
observed, both photometrically and spectroscopicallgnen
rather distant, extragalactic stellar systems (e.g., Kaldret o , o
al. 1999: Bresolin et al. 2002; Urbaneja et al. 2003; Bianchi-StaPility jump. Sect. 7 gives our summary and implicatio
& Efremova 2006). This fact makes them potential standal@f future work.
candles, allowing us to determine distances by means ofypure
spectroscopic tools using the wind-momentum luminosity r&. Observations and data reduction
lationship (WLR, Kudritzki et al. 1995). Even though certain,. . . . .
discrepancies between predicted and observed wind momegl%h'qua“ty optical spectra were collected for eight Géila

of early BO to B3 subtypes have been revealed (Crowther et Al yPe SGs of spectral types BO.5 to B9 using the Goud

2006), relevant information about later subtypes is stilan spectrograph of the NAG 2-m telescope of the Institute of

in Astronomy, Bulgarian Academy of Sciences. The observation
9 o were carried out using a BL6BX.7 grooves mmt grating

During the last years, the quantitative analyses of spec-. .

tra in the far-UyUV and optical domains (e.g., Herrero et all first order, together with a PHOTOMFTTRICS CCD (1024

2002; Bianchi & Garcia 2002; Crowther et al. 2002; BoureJtOZA" 24) as a detector.This configuration produces spectra

et al ’2003_ Repolust et al 2604_ Massey et.al 20’04_ He‘é\’ith a reciprocal dispersion 6f0.2 A pixel! and an fective

et al: 20065 have unambigl.Joust ’shown that thé inclus’ion roe?solution of~ 2.0 pixels, resulting in a spectral resolution of

line-blocking and blanketing and windfects (if present) sig- 1_5H?OO iatnul.t noi ratio. averaged over all ral

nificantly modifies the temperature scale of O-stars (for-a re e signal-to-noise (8) ratio, averaged over all spectra

cent calibration asolar metallicity, see Markova et al. 2004;reg|ons_referr|ng _to a given star,_has typical values of 200 t
350, being lower in the blue than in the red.

Martins et al. 2005). Regarding B-SGs, particularly of date
o We observed the wavelength range between 4100 and
subtype, this issue has not been addressed so far, mostly&lgso A where most of the st?ategic gIJines of H. He and Si

to lacking T estimates. . ) .
The main goal of this study is to test and to apply the p(I)QI’lS are located, together with the region around $ince our

tential of our NLTE atmosphere code FASTWIND (Puls et & pectra samp_le about 200 A, five_: settings were US?d to cover
2005) to provide reliable estimates of stellar and wind para he ranges of interest. These settings are as follows:
eters of SGs with temperatures ranging from 30 to 11 kK. By) From 4110 to 4310 A (covering Si 114128, 4131, Si IV
means of these data and incorporating additional datasets f 14116 and He 114200).
alternative studies, we will try to resolve the questioniioed i) From 4315 to 4515 A (He 114387, 4471 and H).
above. i) From 4520 to 4720 A (Si lll 114553, 4568, 4575,

In Sects. 2 and 3, we describe the stellar sample and the un-He 114713 and He 1114541, 4686).
derlying observational material used in this study. In Séete iv) The region around fiincluding Si Ill 114813, 4820, 4829
outline our procedure to determine the basic parametersrof o and He 114922.
targets, highlighting some problems faced during this @ssc v) The region around Hincluding He 116678 and He Il
In Sect. 5 the ffects of line blockingblanketing on the tem- 116527, 6683.
perature scale of B-SGs at solar and SMC metallicities veill br inimise the fects of t | tral variability (if
addressed, and in Sect. 6 we investigate the wind propéoties 0 miniMISe the &ects of temporal Spectralvarna lity (if any),
Galactic B-SGs (augmented by O-and A-SG data), by compgp- spectra referring to a given star were taken one after the
ison with theoretical predictions. Particular emphasit B¢ ! This detector is characterised byrans read-out noise of 3.3 elec-
given to the behaviour of the mass-loss rate over the seetaltrons per pixel (2.7 ADU with 1.21 electrons per ADU).
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other, with a time interval between consecutive exposufes o Absolute magnitudes, (Column 8), were calculated us-
about half an hour. Thus, we expect our results to be only sémg the standard extinction law witR = 3.1 combined with

sitive to temporal variability of less than 2 hours. intrinsic colours, B—V)o, from Fitzpatrick & Garmany (1990)
The spectra were reduced following standard procedui&nlumn 7) and distance¥,andB-V magnitudes as described
and using the corresponding IRAFoutines. above. For the two stars which do not belong to any clus-

terassociation (HD 185859 and HD 212 593), absolute mag-
nitudes according to the calibration by Humphreys & McElroy
3. Sample stars (1984) have been adopted.
d- For the majority of cases, the absolute magnitudes we

Table 1 lists our stellar sample, together with correspond- | e : :
ing spectral and photometric characteristics, as well ag-asd€rved. agree within:0.3 mag with those provided by the

ciation/cluster membership and distances, as adopted in {REMPhreys-McElroy calibration. Thus, we adopted this ealu
present study. For hotter and intermediate temperaturs, stdS & measure for the uncertainty in,fr cluster members
spectral types and luminosity classes (Column 2) were takeiP 199478) and members of spatially more concentrated OB

from the compilation by Howarth et al. (1997), while for thé@ssociations (HD 198 47_8 in Cyg OB7, see Qrowther et al.
remainder, data fror8| MBAD have been used. 2006). For other stars with known membership, a somewhat

Since HIPPARCOS based distances are no longer relil-arger error'ofi.O 4 mag was adopted to acc'ou'nt for'a POSSI-
spread in distance within the host association. Fingdly

. . . |
able in the distance range considered here (e.g., de Zee \}3 t ) )
! ! g : (e.g u % 190603 and those two stars with calibrateg ,Mve as-

al. 1999; Schider et al. 2004), we have adopted photome'fl

ric distances collected from various sources in the liteeat s_umed a typical uncertainty @My = +0.5 mag, representa-

(Column 4). In particular, for stars which are members of ope for the spread in Mof OB stars within a given spectral
associations, we drew mainly from Humphreys (1978) but albpe (Crowther 2004).

consulted the lists published by Garmany & Stencel (1998) an

by Barlow & Cohen (1977). In most cases, good agreement e-Determination of stellar and wind parameters

tween the three datasets was found, and only for Cyg OB3 dgﬁe analysis presented here was performed with FASTWIND,

the distance modulus provided by Humphreys turned out to be. ) . .
significantly larger than that provided by Garmany & StenceVIVﬁICh produces spherically symmetric, NLTE, line-blareibt

I this latter case two entries fdrare given in Table 1 model atmospheres and corresponding spectra for hot stars
Apart from those stars belonging to the OB as:sociationvélith winds. While detailed information about the latest vans
there are two objects in our sample which have been re used here can be found in Puls et al. (2005), we highlight only

cog- . . . .
nised as cluster members: HD 190 603 and HD 199 478, 1%Igé)se points which are important for our analysis of B stars.

former was previously assigned as a member of Vul OB2 (e(g) In addition to H and He, Silicon is used as an explicit ele-
Lennon et al. 1992), but this assignment has been questionedment (i.e., by means of a detailed model atom and using a
by McErlean et al. (1999) who noted that there are three ag- comoving frame transport for the bound-bound transitions)
gregates at approximately 1, 2 and 4 kpc in the direction of All other elements (e.g., C, N, O, Fe, Ni etc.) are treated
HD 190603. Since it is not obvious to which of them (if any) as background elements, where the majffiedénce (com-
this star belongs, they adopted a somewhat arbitrary distan pared to the explicit ones) relates to the line transferctvhi
of 1.5 kpc. This value is very close to the estimate of 1.57 kpc is performed within the Sobolev approximation.
derived by Barlow & Cohen (1977), and it is this latter valug) A detailed description of the Silicon atomic model can be
which we will use in the present study. However, in what fol- found in Trundle et al. (2004).
lows we shall keep in mind that the distance to HD 190 603(i§) Since previous applications of FASTWIND have concen-
highly uncertain. For the second cluster member, HD 199 478, trated on O and early B stars, we briefly note that correct
a distance modulus to its host cluster as used by Denizman & treatment of cooler stars requirestatiently well described
Hack (1988) was adopted. iron group ions of stages/Ill, whose lines are dominat-
Visual magnitudesy, andB — V colours (Column 5 and ing the background opacities for these objects. Details of
6) have been taken from thdlPPARCOS Main Catalogue the corresponding model atoms and line-lists (frauper-
(1/239). While for the majority of sample stars thBPPARCOS structure, Eissner et al. 1974; Nussbaumer & Storey 1978,
photometric data agree quite well (within 0.01 to 0.04 matthbo  augmented by data from Kurucz 1992) can be found in
in V andB — V) with those provided byd MBAD, for two of Pauldrach et al. (2001). In order to rule out importafeets
them (HD 190 603 and HD 198 478) significanffdrences be- from still missing data, we have constructed an alternative
tween the two sets d — V values were found. In these latter dataset which useal Fe/Ni II/Ill lines from the Kurucz
cases two entries f@d—V are given, where the second one rep- line-list. Corresponding models (in particular temperatu
resents the mean value averaged over all measurementt liste structure and emergent fluxes) turned out to remain almost
in SMBAD). undfected by this alteration, so we are confident that our

original database is fairly complete, and can be used for
2 The IRAF package is distributed by the National Optical calculations roughly down to 10 kK.

Astronomy Observatories, which is operated by the Association of
Universities for Research in Astronomy, Inc., under contract with the® For a hypergiant such as HD 190 603 this value might be even
National Sciences Foundation. higher.
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(d) A consistent temperature stratification utilising a fluxTable 2. Radial velocities (from Si), projected rotational velocities,
correction method in the lower wind and the thermal bairacro- and micro-turbulent velocities (all in km!$ and Si abun-
ance of electrons in the outer part is calculated, with a tragignces, given as logN[Si)N(H] + 12, of the sample stars as de-
sition point between the two approaches located roughlytﬁ'imi”e‘d in_ the present stu_dy._T_he number in brackets refers to the
a Rossland optical depth ek ~ 0.5 (in dependence of "umber of lines used to derivesini andvimac.
wind density).

To allow for an initial assessment of the basic parameters, @Piect Sp Vi VSiNi Vmac Vmic Siabnd
coarse grid of models was generated using this code (apprﬁg igg 232 2(1)'2 :a 5(132 4(732é5) 638353) 15138 77421
priate for the considered targets). The grid involves 27@-mo & (8) (3) .

els covering the temperature range between 12 and 30 Iﬂ iggigg g;gjl a % 432((2) 552((33)) % 77288
(with increments of 2 kK) and including lagvalues from 1.6 ;5191243 B51b 25 38(4) 37(3) 8 7.48
to 3.4 (with increments of 0.2 dex). An extended range ofip 199478 B8lae -12 41(4) 40(3) 8 755
wind-densities, as combined in the optical depth invar@nt Hp 212593 B9lab  -13 28(3) 25(3) 7 765
(=M /(Veo R, )®, cf. Puls et al. 1996) has been accounted for aBD 202850 B9lab 13 33(3) 33(3) 7 7.99

well, to allow for both thin and thick winds.
All models have been calculated assuming solar Helium

(Yue = 0.10, withYge = N(He)/N(H)) and Silicon abundance - .
(log (SiH) = -4.45 by numbé, cf. Grevesse & Sauval 1998°f O-type stars and B-type SGs exhibit a significant amount of

and references therein), and a micro-turbulent velouity,, of broadening_ in excess to the rotational broadening (Rosénha

15 km s for hotter and 10 km€ for cooler subtypes, with a 1970; Conti & Ebbets 1977; Lennon et gl. 1993; Hoyvarth etal.

border line at 20 kK. 1997). Furthermore, although the physical mechanism respo
By means of this model grid, initial estimates dia , sible for this additional line-broadening is still not umsk®od

loggand M were obtained for each sample star. These esff® sTaII fq!low Ryans et al. (2002) and refer to it as "macro-
mates were subsequently used to construct a smaller subg[HEPu.ence : o
specific for each target, to derive the final, more exact wahie Since the fects of macro-turbulence are similar to those

the stellar and wind parameters (includingeylog (SiH) and caused by axial rotation, (i.e., thgy do not change the line
Vimic )+ strengths but “only” modify the profile shapes) and sinctaste

rotation is a key parameter, such as for stellar evolutidcuea
lation (e.g., Meynet & Maeder 2000, Hirschi et al. 2005 and
Radial velocities To compare observed with synthetic profileseferences therein), it is particularly important to digtiish
radial velocities and rotational speeds of all targets have petween the individual contributions of these two processe
be known. We started our analysis with rgdial veI.o.citiesetak There are at least two possibilities to approach this prob-
from the General Catalogue of Mean Radial Velocities2lB, lem: either exploiting the goodness of the fit between oleskry

Barbier-Brossat & Figon 2000). These values were then magsy gy nthetic profiles (Ryans et al. 2002) or analysing tapsh
|f|e_d to obtain better fits to the ang_lysed absorption proﬂhes of the Fourier transforms (FT) of absorption lines (Gray3.97
doing so we gave preference to Silicon rather than to Hel|umfg75; Simon-Diaz & Herrero 2007). Since the second method

Hydrogen lines since the latter might be influenced by (asyas pheen proven to provide better constraints (Dufton et al.

metrical) \{vind ab;orptidemissiop. The finally ad‘?Pte"’rf 2006), we followed this approach to separate and measure the
values which provide the “best” fit to most of the Silicon merelative magpnitudes of rotation and macro-turbulence.

are listed in Column 3 of Table 2. The accuracy of these esti- The principal idea of the FT method relates to the fact that

i i 1
mates is typically: 2km s in Fourier space the convolutions of the "intrinsic line fies
(which includes the natural, thermal, collisiof&thark and mi-
4.1. Projected rotational velocities and croturbulence broadening) with the instrumental, rotal@and
macro-turbulence macro-turbulent profiles, become simple products of theecor

] ] ] » sponding Fourier components, thus allowing the contrimgi
As a first guess for the projected rotational velocities & thyf the |atter two processes to be separated by simply diyidin

sample starsysini, we used values obtained by means of thgie Fourier components of the observed profile by the compo-
Spectral type vsini calibration for Galactic B-type SGs pro-peants of the thermal and instrumental profile.
vided by Abt et al. (2002). However, during the fitting proce-

dure it was found that (i) these values provide poor agreem%ned residual transform will then fix the valuevadini while

petvveen ob;erved and synthet?c profiles anq (ii) an additiorghe shape of the first side-lobe of the same transform wilt con
line-broadening agent must be introduced to improve thé AU ainy
mac-

ity of the fits. These findings are consistent with similauits . : : . .
y 9 The major requirements to obtain reliable results from this

from earlier investigations claiming that absorption lgpectra . ) . ) .
g 9 P e method is the presence bifgh quality spectra (high 8 ratio
4 According to latest results (Asplund et al. 2005), the actual sof@Pd high spectral resolution) and to analyse only thoses line
value is slightly lower, log ($H) = - 4.49, but such a smallfierence Which are free from strong pressure broadening but are still
has no &ect on the quality of the line-profile fits. strong enough to allow for reliablesini estimates.

The first minimum of the Fourier amplitudes of the ob-
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Fig. 1. Projected rotational (left panel) and macro-turbulent (right panddcitees of OB-SGs (spectral types refer to O-stars, i.e., 10 corre-
sponds to BO and 20 to A0). Data derived in the present study are dhaike diamonds while crosses refer to published data (Dufton et al.
2006; Simon-Diaz & Herrero 2007).

For the purpose of the present analysis, we have used stendable since these earlier estimates refer to an ietatjgm
implementation of the FT technique as developed by Siman-terms of rotational broadening alone.

Diaz & Herrero (2007) (based on the original method proposed o, the other hand, and within a given spectral subtype, our
by Gray 1973, 1975) and applied it to a number of preselectggtimates of/sini andvimg are consistent with those derived
absorption lines fulfilling the above requirements. In arer, py pufton et al. (2006) and Simon-Diaz & Herrero (2007)
for our sample oarly B subtypes, the Si Ill multiplet around (see Figure 1). From these data it is obvious that tycstimi

at 14481 were used instead.

The obtained pairs of/sini , Vmac), averaged over the mea-
sured lines, were then used as input parameters for the 4it2. Effective temperatures, Teg
ting procedure and subsequently modified to improve thé fits. ) . . )
The finally adopted values ofsini and vy, are listed in FOr B-type stars the primary temperature diagnostic at opfi
Columns 4 and 5 of Table 2, respectively. Numbers in brack&@ Wavelengths is Silicon (Becker & Butler 1990, Kllllan éta
refer to the number of lines used for this analysis. The uncé®91; McErlean et al. 1999; Trundle et al. 2004) which shows
tainty of these estimates is typically less thet0 km s, be- Strong lines _from_ three ionisation stages _through all treesp
ing largest for those stars with a relatively low rotatiospéed, tral type_s: Si llfSi IV for earlier and Si lISi 1l for later sub-
due to the limitations given by the resolution of our spectf¥Pes, with a “short” overlap at B1.5 - B2. To evaludig (and

(~35 km s1). Although the sample size is small, thsini logg), to a large extent we employed the method of line pro-
andvimae data listed in Table 2 indicate that: file fitting instead of using fit diagrams (based on EWSs), since

. tth | . , | bl q in the latter case the corresponding estimates rely onpioter
.hm nk())ne 0 ; Igsampf_elz stars_éshrotagor;]aone able to repedygiions and furthermore do not account for the profile shape.
the observed line profiles (width and shape). Note, however, that for certain tasks (namely the derivatib

* bothvsini andvinac decrease towards later subtypes (lowgfe sj_ahundance together with the micro-turbulent veyci
Terr ), being about a factor of two lower at B9 than at BO.5.  g\w.methods have been applied (see below).

i f [ he si f th - . . .
e independent of spectral subtype, the size of the macro In particular, to determin&s we used the Si |l features at

ggsz:‘f”;ﬁo‘fﬁ'gc'w Is similar to the size of the projectedaro 1159 4131 the Si |1l features 14553, 4568, 4575 and at

. i . A14813, 4819, 4828, with a preference on the first triplet (see
* also in all casesima. is well beyond the speed of sound. below) and the Si IV feature at4116° In addition, for stars
Compared to similar data from other investigations forsstar of spectral type B2 and earlier the Helium ionisation baganc
common (e.g. Rosenhald 1970; Howarth et al. 1997)ysini  was exploited as an additional check g, involving He |
estimates are always smaller, by up to 40%, which is undefansitions ati14471, 4713, 4387, 4922 and He Il transitions

at114200, 4541, 4686.
5 Note that in their FT procedure Simon-Diaz & Herrero (2007)

have used a Gaussian profile (with EW equal to that of the observed

profile) as “intrinsic profile”. Deviations from this shape due to, e.g.,® Si IV 14089 is unavailable in our spectra. Given that in early B-
naturalcollisional broadening are not accounted for, thus allowin§Gs this line is strongly blended by O Il which cannot be synthesised
only rough estimates af,cto be derived, which have to be adjustedhy FASTWIND with our present model atoms, this fact should not
during the fit procedure. affect the outcome of our analysis.
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Fig. 2. Effects of micro-turbulence on the strength of Si IV 4/3i611 4553 (left panel) and Si Il 4128i 111 4553 (right panel) equivalent width
ratios for B-type SGsVic ranging from 4 to 18 km3, with increments of 4 km$ . Triangles refer to the lowest value afi, squares to the
highest (see text).

4.2.1. Micro-turbulent velocities and Si abundances SilV/Silll and 12< Te < 18 kK for Sill/Silll), however, the

differences are relatively small, about 0.15 dex or less, result

Though the introduction of a non-vanishing micro-turbmleri\ng in temperature dierences lower than 1000 K, i.e., within
velocity can significantly improve the agreement between sy, PO

! , . _ the limits of the adopted uncertainties (see below).
thetical profiles and observations (McErlean et al. 1998ittfsm BI I q h P ult I II_ d( h fWI)I ) trat
& Howarth 1998), it is still not completely clear whether buc ased on these results, we refied on the foflowing strat-

; : to determin@ ¢, Vimic and Si abundances. As a first step
a mechanism (operating on scales below the photon mean frd¥ eff» ¥mic . : oo
path) is really present or whether it is an artefact of some € used the FASTWIND model grid as described previously

ficiency in the present-day description of model atmosphern ith Vmic =10 and 15 km s'and "solar” Si abundance) to put

(e.g., McErlean et al. 1998; Villamariz & Herrero 2000 anawitial constraints on the stellar and wind parameters &f th
rell‘e.r’ences therein) ' ' sample stars. Then, by varyin; (but also logg, M and

Since micro-turbulence can stronglgfect the strength of velocity-field parameteg) within the derived limits and by

Helium and metal lines, its inclusion into atmospheric moé:_hanglngvm.c within +5 km s o obtain a satisfactory fit to

els and profile functions can significantly modify the dedivemOSt of the stra}teglc Silicon Imes, we fixddy /log g.and de-
stellar abundances but alsdfextive temperatures and sur—“ved rough estimates afic. Si abundances and final values

. — for vmic resulted from the following procedure: for each sample
.fac? gravities (thg latter two parfslmeters mo§tly !ndlgeuta star a grid of 20 FASTWIND models was calculated, combin-
its influence on line blanketing: strong®g,cimplies more

blockingback-scattering, and thus loweg; .) ing four abundances and five values of micro-turbulencegfran

H 1
Whereas Villamariz & Herrero (2000) showed thieets ing from 10 to 20 km sl_or from 4 to 12 km s ; to cover hot
and cool stars, respectively). By means of this grid, wereete

Of.Vm.‘C o be relatively sma!l for Q-type stars, for B-type St.ar?pined those abundance ranges which reproduce the observed
this issue has only been investigated for early B1-B2 9'all¥ividual EWs (within the corresponding errors) of several
(e.g., Vrancken et al. 2000) and a few, specific BA supergiant P 9

(e.g. Urbaneja 2004; Przybilla et al. 2006). Here, we report previously selected Si lines from figrent ionisation stages.
A ! ' s -~ Subsequently, we sorted out the valuevgf. which provides
the influence of micro-turbulence on the derivéiketive tem-

. the best overlap between these ranges, i.e., defines a unique
peratureSfor the complete range of B-type SGs. For this pur gundance together with appropriate errors (for more Idetai

ose we used a corresponding sub-grid of FASTWIND modét : . .
\Ilavith Vimic Tanging from 2 o 189 Kkm ég(with increments of 4 °>¢€ €9 Urbaneja 2004; Simon-Diaz et al. 2006 and refesence

1 , therein).
km s ) and logQ values corresponding to the case of rela- ) . . .
Our final results foknmic were almost identical (within about

tively weak winds. Based on these models we studied the be- 1 ) ; s "
haviour of the SilV41165ill14553 and Sill41285illl4553 line 1 km s7) to those derived from the “best” fit to Silicon.

ratios and found these ratios to be almost insensitive ti vapiilarly, for all but one star, our final est|mates“f0r the Si
ations iNVmic (Fig. 2), except for the case of Silll beyond abundance are quite similar to the initially adopted “sodeue,

18 kK where diferences of about 0.3 to 0.4 dex can be sedfithin < +0.1 dex, and only for HD 202850 an increase of

(and are to be expected, due to the largedénce in absolute 0.44 dex was found. Given that Si is not involved in CNO nu-

line-strengths caused by stronglyfdient ionisation fractions). C/€ar processing, the latter result isfiult to interpret. On
Within the temperature ranges of interest &8 < 28 kK for the one hand, fittingnalysis problems are_h|ghly improbable,
since no unusual results have been obtained for the otleer lat

7 Note that the Balmer lines remain almost fieated by sothat  B-SG, HD 212 593. Indeed, the overabundance is almost “visi-
adirect effect ofvy,ic on the derived logis negligible. ble” because the EWs of at least 2 of the 3 strategic Si lines are
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Fig. 3. Examples for the quality of our final (“best”) Silicon line-profile fits. Frémp to bottom: HD 185 859 (B0.5la), HD 190 603 (B1.5)a
HD 206 165 (B2lb) and HD 198 478 (B2.5la). Note the systematic diserey between synthetic and observed profiles of the Si lll lines at
A14813,4819.

significantly larger (by about 20 to 40%) in HD 202 850 thatype (see also McErlean et al. 1999), being highest at earlie
in HD 212 593. On the other hand, the possibility that this stél8 km st at B0.5) and lowest at later B subtypes (7 kmat

is metal rich seems unlikely given its close proximity to ouB9). Interestingly, the latter value is just a bit largerntthe
Sun. Another possibility might be that HD 202 850 is a Si stapical values reported for A-SGs (3 to 8 km's e.g., Venn
though its magnetic field does not seem particularly strong ( 1995), thus implying a possible decline in micro-turbukeia-
exceptions are still known, e.g. V 828 Her B9sp, EE Dra B®%ards even later spectral types.

Bychkov et al. 2003). A detailed abundance analysis may help

to solve this puzzling feature.

Finally, we have verified that our newljerived Si abun-
dances (plus/mic -values) do not fiect the stellar parametersDuring our fitting procedure, we encountered the problerh tha
(which refer to the initial abundances), by means of correre strength of the Si Ill multiplet near 4813 A was systemati
sponding FASTWIND models. Though an increase of 0.4lly over-predicted (see Fig. 3 for some illustrative epées).
dex (the exceptional case of HD 202 850) makes the Si-lingRough this discrepancy is not very large (and vanish&gifs
stronger, this strengthening does ndfeat the derivedTer, modified within &500 K), this discrepancy might point to
since the latter parameter depends on tiatéos from different some weaknesses in our model assumptions or data. Sighifican
ionisation stages, being thus almost independent of almeeda difficulties in reproducing the strength of Si Ill multiplets nea
In each case, however, the quality of the Silicon line-pedfts 4553 and 4813 A have also been encountered by McErlean et
has been improved, as expected. al. (1999) and by Becker & Butler (1990). While in the former
In Column 6 and 7 of Table 2 we present our final vastudy both multiplets were found to leeaker in their lowest-
ues forvmic and Si abundance. The error of these estimat@kavity models withTer beyond 22500 K, in the latter study
depends on the accuracy of the measured equivalent widii@ second multiplet was overpredicted, by a factor of about
(about 10%) and is typically abou® km s and+0.15 dex for two.
Vmic and the logarithmic Si abundance, respectively. A closer The most plausible explanation for the problems encoun-
inspection of these data indicates that the micro-turtilen tered by McErlean et al. (1999) (which are opposite to o&s) i
locities of B-type SGs might be closely related to spectrttie neglect of line-blockinglanketing and windféects in their

4.2.2. Silicon line profiles fits — a closer inspection
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NLTE model calculations, as already suggested by the asithor ¢/ oo L2507 | e 1 4680
themselves. The discrepancies reported by Becker & Butlers | ] I 2

(1990), on the other hand, are in qualitative agreement to ouf:m \\ [ Efoa \ﬁ ;f“owr’””*
findings, but much more pronounced (a factor of two againstg O's Y goe go‘s

20 to 30%). Since both studies use the same Si Ill model ion® ° Y '

whilst we have UpdatEd the oscillator Strengths of the lpielltl 04‘;65 4470 4475 4480 0;3380 4385 4390 4395 Ofsso 4685 4690 4695
near 4553 A(!) drawing from the available atomic databases,

we suggest that it is these improved oscillator strengtle®in 12 12 105

junction with modern stellar atmospheres which have rediuce £ 10— ~<] O
the noted discrepancy. ¢ 08 \/ﬁ 0a \ /
Regardless of these improvements, the remaining discrep%ﬁ 06 06
ancy must have an origin, and there are at least two possible ., ok 050
explanatlons: (I) tOO Sma" an atomIC model for SI I“ (Cﬁ‘to 4465 4470 4475 4480 4380 4385 4390 4395 4680 4685 4690 4695
effects) angbr (ii) radially stratified micro-turbulent velocities
(erroneous oscillator strengths cannot be excluded, eutrr " o
likely, since all atomic databases give similar values). T\ fﬁ R '
The first possibility was discussed by Becker & Butler Tg” \/ ' \/
(1990) who concluded that this defect cannot be the soléorig & o¢
of their problem, since the required corrections are togdar ~ °¢l—o | e 0L

and furthermore wouldfect the other term populations in an fomogo [in Al tombgo [in A] tombs [in A]

aq_verse manner. Bec‘?use the dlscrepanc?y.flound by us hasﬁ'&?h. Observed and synthetic Helium line-profiles, calculated at the
mﬁcaptly decreased since then, the possibility of too sanal upper Tur + ATy : dashed) and lowerTgy - ATer - Solid) limit of
atom'c quel can no longer _be rU|ed_OUt thOUQh' Futurg Wo{rﬁe correspondindle; determined from the “best” fits to strategic
on improving the complete Si atom will clarify this question  gjjicon lines. From top to bottom: HD 185 859 (B0.5la), HD 190 603
In our analyses, we have used the same valwg;effor all  (B1.5la+) and HD 206 165 (B2lIb).
lines in a given spectrum, i.e., assumed that this quantigsd
not follow any kind of stratification throughout the atmospdy
whilst the opposite might actually be true (e.g. McErleaalet lel with Si IV and Si Il (within the adopted uncertainties,
1999; Vrancken et al. 2000; Trundle et al. 2002, 2004; Hunt&fl ¢ =+500K). This result is illustrated in Fig. 4, where a
et al. 2006). If so, a micro-turbulent velocity being a factocomparison between observed and synthetic Helium profiles i
of two lower than inferred from the “best” fit to Si lll 4553 shown, the latter being calculated at the upper and lowet lim
and the Si Il doublet would be needed to reconcile calculatefithe Te; range derived from the Silicon ionisation balance.
and observed strengths of the 4813 A multiplet. Such a numi@ur finding contrasts Urbaneja (2004) who reportetedénces
does not seem unlikely, given theffdirence in line strengths,in the stellar parameters beyond the typical uncertainties
but clearly further investigations are necessary (aftgorow- ther Silicon or Helium was used independently.
ing upon the atomic model) to clarify this possibility (sdésoa Whereas no obvious discrepancy between He | singlets and
Hunter et al. 2006 and references therein). triplets (“He | singlet problem”, Najarro et al. 2006 andeef
Considering the findings from above, we decided to follo@nces therein) has been seen in stars of type B1.5 and garlier
Becker & Butler (1990) and to give preference to the Si lll mulwe faced several problems when trying to fit Helium in patalle
tiplet near 4553 A throughout our analysis. Since this rpléti  with Silicon in stars of mid and late subtypes (B2 and lafer).
is observable over the whole B star temperature range Wiglet In particular, and at “normal” helium abundance
other (4813 A) disappears at mid-B subtypes, such a choie (¥, =0.1+0.02), the singlet line at4387 is somewhat over-
the additional advantage of providing consistent resoltslfe predicted for all stars in this subgroup, except for the esbl
complete sample, from BO to B9. one - HD 202 850. At the same time, the triplet transitions at
A14471 and 4713 have been under-predicted (HD 206 165,
B2 and HD 198478, B2.5), well reproduced (HD 191 243, B5
and HD 199478, B8) or over-predicted (HD 212593, B9).
As pointed out in the beginning of this section, for early-B\dditionally, in half of these stars (HD 206 165, HD 198 478,
subtypes, the Helium ionisation balance can be used to @sd HD 199478) the strength of the forbidden component
termine Tez. Consequently, for the three hottest stars in o@f He | 4471 was over-predicted, whereas in the other half
sample we used He | and He Il lines to derive independdhis component was well reproduced. In all cases, however,
constraints oM, assuming helium abundances as discusséwse discrepancies were not so large as to prevent a globall
below? Interestingly, in all these cases satisfactory fits to tigatisfactory fit to the available He | lines in parallel with
available strategic Helium lines could be obtained in pardbilicon. Examples illustrating these facts are shown in Big
Again, there are at least two principle possibilities toveol
8 Though He Il is rather weak at these temperatures, due to the good
quality of our spectra its strongest features can be well resolved dowh At these temperatures, only He | is present, and no conclusions
to B2. can be drawn from the ionisatidralance.
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4.2.3. Helium line-profiles fits and Helium abundance
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Fig.5. Final (“best”) fits to Silicon and Helium lines. From top to bottom: HD 198 472.8, HD 191 243 (B5Ib), HD 199478 (B8ae),
HD 212593 (B9 lab) and HD 202850 (B9 lab). Note that the forbiddemmonent in the blue wing of He 44471 is over-predicted in a
number of cases, and that the synthetic He | singl@#887 is systematically too strong.

these problems: to adapt the He abundangandr to use ate because of the excellent fit quality. Among those, an-over

different values o¥,c , on the assumption that this parameteabundance in Heliumyge = 0.2) was found for the hypergiant

varies as a function of atmospheric height (cf. Sect. 4.2.2) HD 190 603, which might also be expected according to its evo-
lutionary stage.

In mid and late B-type stars, on the other hand, the determi-
Helium abundance. For all sample stars a “normal” he-nation ofYye was more complicated, due to problems discussed
lium abundance\Yye= 0.10, was adopted as a first guessabove. Particularly for stars where the discrepancies dwtw
Subsequently, this value has been adjusted (if necesgary}¥ynthetic and observed triplet and singlet lines were oppos
improve the Helium line fits. For the two hottest stars witto each other, no unique solution could be obtained by vgryin
well reproduced Helium lines (and two ionisation stages btie Helium abundance, and we had to increase the correspond-
ing present!), an error of only0.02 seems to be appropri-ing error bars (HD 206 165 and HD 198 478). For HD 212 593,
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on the other hand (where all available singlet and tripledi H gamma H alpha
turned out to be over-predicted), a Helium depletion by 30 to ‘ 2 ‘
40% would be required to reconcile theory with observations % 1.0 *\\\ 1 % PN

All derived values are summarised in Column 8 of Table 3, & 05 r ° \ ﬁ
but note that alternative fits of similar quality are possifar 5 06 \/ ] 5 o8 N
those cases where an overabundate@etion in He has been g £ oal
indicated, namely by using a solar Helium content aqd be- vo ¢
ing a factor of two largegtower than inferred from Silicon: Due 0.2 : 04 ‘

4330 4340 4350 6540 6560 6580

to the well known dichotomy between abundance and micro-
turbulence (if only one ionisation stage is present), a uaiq
solution is simply not possible, accounting for the capactft 1o ‘ 55

the diagnostic tools used here. O
R Vil

0.6

201

Column 4 of Table 3 lists allféective temperatures as de-
rived in the present study. As we have seen, these estintates a
influenced by several processes and estimates of otheriquant ¢ o4
ties, among which are micro- and macro-turbulence, Heand Si. ‘ ‘
abundances, surface gravity and mass-loss rate (wheratthe | 4330 4340 4350 6540 6560 6580
ter two quantities are discussed in the following). Nevelghs,
we are quite confident that, to a large extent, we have con-
sistently and partly independently (regarding , Vmacand Si 1.2 ‘ 4
abundances) accounted for these influences. Thus, the arror . : ]

\ /Y
J 1

emergent profile
emergent profile
o0

.

1.0 o vy

our T estimates should be dominated by uncertainties in the
fitting procedure, amounting to abatb00 K. Of course, these
are diferential errors assuming that physics complies with all 0.6

emergent profile
emergent profile
=}

TN

our assumptions, data and approximations used within eur at s g4 0.8
mosphere code. 00 ‘ 06 ‘
4330 4340 4350 6540 6560 6580
4.3. Surface gravity
1.2 1.4
Classically, the Balmer lines wings are used to determire th 1ok
. . I ] 2,1
surface gravity, log, where only higher members (tdnd S / S
Hs when available) have been considered in the present inves-Lj 0.8 / g . \\A/\,”
tigation to prevent a bias because of potential wind-emissi & 0.5 J & \
effects in H, and H; . Note that due to stellar rotation the lgg § o % 0.81
values derived from such diagnostics are oahf ective val- '
. e H 0.2 . 0.6 .
ues. To derive thé&rue gravities, qugtrue, requwgd to calculgte 50 310 350 5520 6560 50
masses, one has to apply a centrifugal correction (app&drin lambda (A) lambda (A)
by vsini ?/R, ), though for all our sample stars this correction
was found to be typically less than 0.03 dex. Fig. 6. Fit quality for H, and H,, for early and mid subtypes. From top

. . ‘HD 1 BO.5la), HD 1 B1.5)HD 206 1
Corresponding values forffective and corrected surfaceto bottom 85859 (BO.Sla), 90603 (B1.5% 06165

gravities are listed in Columns 5 and 6 of Table 3. The errgEEZIb) and HD 198478 (82.5).

of these estimates was consistently adopted sl dex due

to the rather good quality of the fits and spectra (because of

the small centrifugal correction, corresponding errons be 4 4 Stellar radii, luminosities and masses

neglected) except for HD 190603 and HD 199478 where an

error of+£0.15 dex was derived instead. This point is illustratetihe input radii used to calculate our model grid have been
in Figs 6 and 7 where our final (“best”) fits to the observedrawn from evolutionary models. Of course, these radii are
H, profiles are shown. Note that the relatively large discrepasomewhat dferent from the finally adopted ones (listed in
cies in the cores of HD 190603 and HD 199478 might be@olumn 7 of Table 3) which have been derived following
result of additional emissigabsorption from large-scale structhe procedure introduced by Kudritzki (1980) (using the de-
tures in their winds (Rivinius et al. 1997; Markova et al. 2D0 reddened absolute magnitudes from Table 1 and the thearetic
which cannot be reproduced by our models (see also Sec. #fukes of our models). With typical uncertaintiese500 K in
below). At least for HD 190 603, an alternative explanation iour Teg and of +0.3 to 0.5 mag in M, the error in the stel-
terms of too large a mass-loss rate (clumpiffg@s in H,) is  lar radius is dominated by the uncertainty i, Mand is of the
possible as well. order ofAlog R, = +0.06...0.10, i.e., less than 26%Ry.
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our estimates are generally lower, by approximately 0.05 to
0.38 dex, with larger dierences for less luminous stars. While
for some stars the discrepancies are less than or comparable
to the corresponding errors (e.g., HD 185859, HD 190603
first entry, HD206 165), they are significant for some others
(mainly at lower luminosities) and might indicate a “mass-di
crepancy”, in common with previous findings (Crowther et al.
2006; Trundle et al. 2005).

4.5. Wind parameters

Terminal velocities. For the four hotter stars in our sample,
individual terminal velocities are available in the literee, de-
termined from UV P Cygni profiles (Lamers et al. 1995; Prinja
et al. 1990; Howarth et al. 1997). For these stars, we adopted
the estimates from Howarth et al. (1997). Interestinglg, itii-
tially adopted value of 470 km-$for v,, of HD 198478 did
not provide a satisfactory fit to K which in turn required a
value of about 200 km$. This is at the lower limit of the “al-
lowed” range, since the photospheric escape velogity,is of
the same order. Further investigations, however, showadth

a different observational epoch the profile of HD 198 478 in-
deed has extended to about 470 krh(€rowther et al. 2006).
Thus, for this object we considered a rather large unceytain
accounting for possible variationsg,.

Regarding the four cooler stars, on the other hand, we were
forced to estimate,, by employing the spectral type - termi-
nal velocity calibration provided by Kudritzki & Puls (2000
since no literature values could be found and since arctiatal
do not show saturated P Cygni profiles which could be used
to determinev,, . In all but one of these objects (HD 191243,
first entry), the calibrated,, -values were lower than the corre-
sponding escape velocities, and we adoptee Vescto avoid
this problem.

The set ofv,, -values used in the present study is listed in
Column 11 of Table 3. The error of these data is typically less
than 100 km s' (Prinja et al. 1990) except for the last four
objects where an asymmetric error of A2250% was assumed
instead, allowing for a rather large insecurity towardshkig
values.

Fig.7. As for Fig. 6, but for late B subtypes. From top to bottom:
HD 191 243 (B5Ib), HD 199478 (B8ae), HD 212593 (B9lab) and
HD 202 850 (B9lab).

Velocity exponent 8. In stars with denser winds (Hn emis-
sion) 8 can be derived from FHwith relatively high precision
and in parallel with the mass loss rate, due to the strong-sens

Luminosities have been calculated from the estimated efrity of the H, profile shape on this parameter (but see below).
fective temperatures and stellar radii, while masses were On the other hand, for stars with thin winds,(i4 absorption)
ferred from the “true” surface gravities. These estimat@s ahe determination of from optical spectroscopy alone is (al-
given in Columns 9 and 10 of Table 3, respectively. The corrgrost) impossible and a typical value®& 1 was consistently
sponding errors are less the0.21 dex in lod_/L, and+0.16 adopted, but lower and larger values have been additionally
to 0.25 dex in logM,, .

The spectroscopically estimated masses of our SG targetsactually found indications for values larger th@sil.0 (ex-
range from 7 to 53/, .1° Compared to the evolutionary masseplicitly stated in Table 3).
from Meynet & Maeder (2000) and apart from two cases,

used to constrain the errors. Note that for two of these stars

10 A mass of 7Ms as derived for HD 198 478 (second entry) seenl¥ass-loss rates, M, have been deriv_ed from fitting_ the Ob'_
to be rather low for a SG, suggesting that the B-V colour adopted frgggrved H profiles with model calculations. The obtained esti-

SIMBAD is probably underestimated.

mates are listed in column 13 of Table 3. Corresponding grror
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Table 3. Final results for our sample of Galactic B-SGs: Stellar and wind paramatepted--My ) and derived using FASTWINDI g in
kK, R,in Ry, M, in Mg, V. in km s, Min 10°°M,/yr. Dimom (in cgs-units) denotes the modified wind-momentum rate. High precision
pB-values are given bold-faced. For non-tabulated errors, see text.

Object  Sp M Te logg loggme R.  Yue  logl/L, M, Vo B logM 109 Drmom
HD 185859 BO.5la -7.00 26.3 2.95 2.96 35 D002 5.72 4;% 1830 1.1+0.19 -5.82:0.13 29.0%0.20
HD 190603 Bl.5la -8.21 195 2.35 2.36 80 0.20.02 5.92 53‘2% 485 2.9+0.2 -5.7&¢0.16 28.730.22

-7.53 2.36 58 5.65 21@; -5.91+0.16 28.450.22

HD 206165 B2 Ib -6.19 19.3 250 251 32 0.10-0.20 511 *}12 640 15'929 .657+0.13 27.720.17
HD 198478 B25la -6.93 175 210 212 49 0.10-0.20 531 *31200..4701.3+0.1 -6.93..-6.39 26.97...27.48

-6.37 212 38 508 2 -7.00...-6.46 26.84...27.36
HD 191243 B5Ib  -5.80 14.8 2.60 2.61 34 04002 470 172 470 08..15 -7.582  26.710%
-6.41 260 46 496 3y -7.3002%  27.0092
HD 199478 B8lae -7.00 13.0 170 173 68 @002 508 9 230 0.8..1.5 -6.73..-6.18 27.33..27.88
HD 212593 B9lab -6.50 11.8 2.18 2.19 59 0.06-0.10 4.79 ‘19 350 08..1.5 -7.04%  27.189%
HD 202850 B9lab -6.18 11.0 1.85 1.87 54 002 459 8 240 08..1.8 -7.22%  26.8292

a H, (though in absorption) indicatgs> 1.

accumulated from the uncertainties@it, R, andv,, , are typi- e The H, profile of HD 202 850, the coolest star in our sample,
cally less thar:0.16 dex for the three hotter stars in our sample not well reproduced: the model predicts more absorption i
and less thar0.26 dex for the rest, due to more insecure vathe core than is actually observed.

ues ofv, andQ.

The errors inQ itself have been determined from the fitThe most likely reason for our failure to reproduce certaim p
quality to H,and from the uncertainty ig (for stars of thin fjle shapes for stars witklense winds is our assumption of
winds), while the contribution from the small errorsligr have gmooth and spherically symmetric atmospheres. Besides the
been neglected. Since we assume an unclumped windgthegpen question of small-scale clumping (which can change the
tual mass-loss rates of our sample stars might, of course, lgemorphology quite substantialf§; cf. Puls et al. 2006), the
lower. In case of small-scale clumping, this reduction wica#  fact that in two of the four problematic cases convincing evi
inversely proportional to the square root of thEeetive clump-  gence has been found for the presence of time-dependeet larg
ing factor being present in the,Horming region (e.g., Puls et scale structure (HD 190603, Rivinius et al. 1997) or devia-
al. 2006 and references therein). In Figures 6 and 7 we presgshs from spherical symmetry and homogeneity (HD 199 478,
our final (*best”) H, fits for all sample stars. Apparent prob-yjarkova et al. 2007) seems to support such a possibilitye Not
lems are: that similar problems in reproducing certair ptofile shapes

in B-SGs have been reported by Kudritzki et al. (1999, from

e The P Cygni profile of seen in HD 190603 (B1.549 pere on KPL99), Trundle et al. (2004), Crowther et al. (2006)
is not well fitted. The model fails to reproduce the depth angq | efever et al. (2007).

the width of the absorption trough. This (minor) discrepanc

however, has nofect on the derivedl andg, because these A comparison of present results with such from previous
parameters are mainly determined by the emission peak andstudies (Crowther et al. 2006; Barlow & Cohen 1977) for
red emission wing of the line which are well reproduced.  three stars in common indicates that the parameters derived

o In two sample stars, HD 198 478 and HD 199 478, the obsQY Crov_vther et al. (2006) for HD 190603 and ,HD 198478
vations show Hin emission whilst the models predict profile® Similar to ours (accounting for the fact that highigr and

of P Cygni-type. At least for HD 198478, a satisfactory fit t¥v result in larger logand M, respectively, and vice versa).
the red wing and the emission peak became possible, since i Mass-loss rates from Barlow & Cohen (1977) (derived
observed profile is symmetric with respect to rest Waveha,ng{rom the IR—exces;!) .fF’r HD 198478 and HD 202850, on the
thus allowing Us to estimate and M within our assumption other hand, are significantly larger than ours and Fho_se from
of homogeneous and spherically symmetric winds (see belmﬁlfo""th,er et al., a problem already faced by Kudritzki et al.
For M, we provide lower and upper limits in Table 3, corre(1999) in @ similar (though more simplified) investigatidiis
sponding to the lower and upper limits of the adoptedsee might be either due tp certayn mconmstenq_e_s in thiéedi
also Sect. 6.1). For HD 199 478, on the other hgrigmore in- €Nt @pproaches, or might point to the possibility that the IR
secure due to the strong asymmetry in the profile Shape“gad‘lormlng_reglon of these stars is more heavily clumped then th
to a larger range in possible mass loss rates and wind momehaorming one.

11 We do not directly derive the mass-loss rate by means,qftit
rather the corresponding optical depth invari@nsee Markova et al. 12 and might introduce a certain ambiguity betwgeand the run of
(2004); Repolust et al. (2004). the clumping factor, if the latter quantity is radially stratified
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Fig. 8. Left: Comparison of fflective temperatures as derived in the present study with data from sinvégstigations. Diamonds - our data;
triangles - data from Crowther et al. (2006); squares - Urbanejad{2@8terisks - Przybilla et al. (2006). Large circles mark the threectsbje
with strongest winds, which simultaneously show the largest deviatidigifrom the mean (all from the sample by Crowther et al.). The
dashed line represents a 3rd order polynomial fit to the data accouatitigefindividual errors i , and the grey-shaded area denotes the
corresponding standard deviation. Spectral types refer to B-strs{L” corresponds to 09, and “10” to A0).

Right: T estimates for GROUP | stars from Lefever et al. (2007), as a funcfispextral type. The error bars correspond-10000 K, and
the dashed linehaded area refer to the fit on the left. Large circles mark data pointédaidate significantly from this regression (see text).

5. The Teg scale for B-SGs — comparison with is (more than) satisfactory: for a given spectral subtype, t
other investigations dispersion of the data does not exceetD00 K. There are
only three stars (marked with large circles), all from thensa

5.1. Line-blanketed analyses ple of Crowther et al., which make an exception, showing sig-

. . N ificantly lower temperatures: HD 190603, HD 152236 and
Besides the present study, two other investigations have 2905. Given their strong P Cygni profiles seen ipdnd

i h i ic B- o N ,
Lermlned the .ﬁe'ctlve temperatures dBalact!g type SG$ their high luminosities - note that the first two stars araiact
y methods similar to ours, namely from Silicon and Helium

. L . ally hypergiants - this result should not be a surprise thoug
(when possible) ionisation balances, employing state@&th (higher luminosity— denser wind- stronger wind blanketin
techniques of quantitative spectroscopy on top of highlueso_) ?owerT ) y= 9 9
tion spectra covering all strategic lines. Crowther et 2006) eff /-

have used the non-LTE, line blanketed code CMFGEN (H|II|er Very recently, Lefever et al. (2007) publlshed a StUdy with
& Miller 1998) to determineT ey of 24 supergiants (IUminosity e goal to test whether the variability of a sample of 28 pe-
classes la, Ib, lab, g of spectral type BO-B3 with an accuracyjngically pulsating, Galactic B-type SGs is compatiblethwi

of +1 000 K, while Urbaneja (2004) employed FASTWIND (agpacity driven non-radial pulsations. To this end, theyl-ana
done here) and determineffective temperatures of five earlyysed this sample plus 12 comparison objects, also by means
B (B2 and earlier) stars of luminosity classegBavith an (in- ot EASTWIND, thus providing additional stellar and wind pa-
ternal) accuracy 0£500 K. In addition, Przybilla et al. (2006) ;ameters of such objects. In contrast to both our investigat
have recently published very precise temperatures (typrea 4 those mentioned above, Lefever et al. could not use the Si
ror of 200 K) of four BA SGs (among which one B8 and twQe jonisationbalance to estimateTes , but had to rely on the

A0 stars), again derived by means of a line-blanketed ndB-LTL 5y sis of one ionisation stage alosiher Si Il or Silll, plus
code, in this case in plane-parallel geometry neglectin@Wiy, o more He | lines {4471 and16678). The reason for do-
effects. ing so was the (very) limited spectral coverage of their damp

Motivated by the good correspondence between data frgfRough at very high resolution), with only one represemgat
FASTWIND and CMFGEN (Wh|Ch has also been noted bsnicon jonisation Stage observed per Object_

Crowther et al. 2006), we plotted thé&ective temperatures of

all four investigations, as a function of spectral typet(fefnel Given the problems we faced during our analysis (which
of Fig. 8). Overplotted (dashed line) is a 3rd order polyraimionly appeared because we had a much larger number of lines
regression to these data, accounting for the individuarerr at our disposal) and the fact that Lefever et al. were nottable

in Teg, as provided by the ffierent investigations. The grey-independently estimate Si abundances awgl. of their sample
shaded area denotes the standard deviation of the regressitars (as we have done here), the results derived during this
Obviously, the correspondence between tHeedint datasets investigation are certainly prone to larger error bars thase
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obtained by methods whea strategic lines could be includedbased on unblanketed, plane-parallel, NLTE model atmasphe
(see Lefever et al. for more details). analyses. Objects enclosed by large circles are the sanme as i

The right-hand panel of Fig. 8 displays their temperatufég. 8, i.e., three from the analysis by Crowther et al., awka
estimates for stars from the so-called GROUP | (most precisem the sample by Lefever et #.As to be expected and as
parameters), overplotted loyr regression from the left panel.noted by previous authors on the basis of smaller sampigs (e.
The error bars correspond+d 000 K quoted by the authors asCrowther et al. 2006; Lefever et al. 2007), the “blanketeutfi
a nominal error. While most of their data are consistent (withperatures of Galactic B-SGs are systematically lower than t
their errors) with our regression, there are also objectsed “unblanketed” ones. The fierences range from about zero to
again with large circles) which deviate significantly. roughly 6 000 K, with a tendency to decrease towards later sub

Interestingly, all outliers situated below the regressidypes (see below for further discussion).
are stars of early subtypes (1), which furthermore show  The most remarkable feature in Figure 9 is the large dis-
P Cygni profiles with relatively strong emission componénts persion inATg; for stars of early subtypes, BO-B3. Since the
H. (except for HD 15043 which exhibits Hn absorption), a largest diterences are seen for stars showing P Cygni profiles
situation that is quite similar to the one observed on thiedef with a relatively strong emission component ip Hve suggest
this figure. (We return to this point in the next section.) that most of this dispersion is related to winfteets.

On the other hand, there are two stars of B5-type with same To investigate this possibility, we have plotted the distri
Ter » Which lie above the regression, i.e., seem to show “ovdien of the AT -values of the BO-B3 object as a function of
estimated” temperatures. The positions of these stardgrwitbhe distant-invariant optical depth parameter@(rf. Sect. 4).
the T -spectral type plane have been extensively discussed®ince the B emission strength does not depend®alone but
Lefever et al. (2007) who suggested that the presence of-a radso onTe; - for sameQ-values cooler objects have more emis-
ally stratified micro-turbulent velocity (as also discusbg us) sion due to lower ionisation - stars with individual subsks
or a Si abundance being lower than adopted (solar) might exere studied separately to diminish thi$eet. The right-hand
plain the overestimate (if so) of their temperatures. Niobsy- panel of Fig. 9 illustrates our results, where the size ofcihe
ever, that the surface gravity of HD 108 65%(3), one of the cles corresponds to the strength of the emission peak of the
Lefever et al. B5 targets, seems to be somewhat large for a B@. Filled symbols mark data from CMFGEN, and open ones
but appropriate for a bright giant. Thus, it might still beth data from FASTWIND. Inspection of these data indicates that
the “overestimated” temperature of HD 108 659 is a result objects with stronger femission tend to show larger ld@-
its misclassification as a SG whilst actually it is a brightrgi  values and subsequently high€fe; - a finding that is model
This possibility, however, cannot be applied to the othetd85 independent. This tendency is particularly evident in thsec
get, HD 102997, which has lagpf 2.0 (and M, of -7.0), i.e., of B1 and B2 objects. On the other hand, there are at least thre
is consistent with its classification as a supergiant. objects which appear to deviate from this rule, but this righ

Interestingly, the surface gravity of “our” B5 starstill be due to the fact that the temperature dependend@ of
HD 191 243 (logy=2.6), appears also to be larger than whdas not been completely removed (of course, uncertaimjgs i
is typical for a supergiant of B5 subtype. With a distance moder and loggcan also contribute). All three stars (HD 89767,
ulus of 2.2 kps (Humphreys 1978), the absolute magnitudetdP 94 909 (both BO) and HD 154043 (B1)) are from the
HD 191 243 would be more consistent with a supergiant claskgfever et al. sample and do not exhibit strongethission but
fication, but with &1.75 kpc (Garmany & Stencel 1992) a luhevertheless the highesT.; among the individual subclasses.
minosity class Il is more appropriate. Thus, this star aésomss In summary, we suggest that the dispersion in the derived
to be misclassified? effective temperature scale of early B-SGs is physically real
and originates from wind fects. Moreover, there are three
stars from the Lefever et al. GROUP | sample (spectral types
BO to B1) whose temperatures seem to be significantly un-
derestimated, probably due to ifcient diagnostics. In our

In order to estimate now thefects of line-blockingplanketing follow-up analysis with respect to wind-properties, wel wlis-
together with wind fects in the B supergiant domain (as hagrd these “problematic” objects to remain on the “conserva
been done previously for the O-star domain, e.g., Markoa ettive” side.

2004; Repolust et al. 2004; Martins et al. 2005), we have com-

bineq th<=T dfgrent datasets as discussed above into one sample;, Comparison of the temperature scales of Galactic
keep!ng in mind the encoyntered prob!ems. and SMC B supergiants

Figure 9, left panel, displays theftéirences between “un-

blanketed” and “blanketed” fiective temperatures for thisWanted to obtain an impression of the influence of metallic-
combined sample, as a function of spectral type. The “uity on the temperature scale for B-type SGs, by comparing
blanketed” temperatures have been estimated usingdhe Galactic with SMC data. To this end, we derived.a -Spectral
Spectral type calibration provided by McErlean et al. (1999ype calibration for Galactic B-SGs on basis of the five dettas
discussed above, discarding only those (seven) objedctstfre

13 Note that already Lennon et al. (1992) suggested that HD 191 243

is likely a bright giant, but their argumentation was based more ot Four B1 stars from the Lefever et al. sample have the Saynend
qualitative rather than on quantitative evidence. thus appear as one data point in Figs 8 (right) and 9.

5.2. Temperature revisions due to line-blanketing and
wind effects
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Fig.9. Differences between “unblanketed” and “blanketeffeaive temperatures for the combined sample (this work, Urbaneja, 2004
Crowther et al. 2006, Przybilla et al. 2006 and GROUP | objects froneuezfet al. 2007), as a function of spectral type (left panel) and
as a function of lo@ for individual subtypes, BO to B3 (right panel). Unblankeleg are from McErlean et al. (1999).

L eft: Large circles denote the same objects as in Fig. 8. The data point indieatiggificantnegative temperature dierence corresponds to
thetwo B5 stars (at same temperature) from the Lefever et al. sample.

Right: The size of the symbols corresponds to the size of the peak emissioinddge. Filled circles mark data from CMFGEN, open circles
those from FASTWIND.

we obtain the following regression (for a precision of thsag
nificant digits)

30x10% T

N Mi ] Ter = 27800— 6000 SP+ 878 SP — 459SP, (1)
where “SP” (0-9) gives the spectral type (from BO to B9), and
At i 1 the standard deviation 61040 K. This regression was then
< 2:0x10°r \%& ] compared toT; estimates obtained by Trundle et al. (2004)
> 1 and Trundle et al. (2005) for B-SGs in the SMC.
'R 1 We decided to compare with these two studiey, be-
% > \i 0 i cause Trundle et al. have used a similar (2004) or identical
I T 1 (2005) version of FASTWIND as we did here, i.e., systematic,
L oxi04 L S i model dependent flerences betweenftiirent datasets can be
- 1 excluded and because the metallicity of the SMC is signifi-
L 1 cantly lower than in the Galaxy, so that metallicity depertde
506105 L v i ] effects should be maximised.
-2 0 2 4 6 8 10 12 The outcome of our comparison is illustrated in Fig. 10:
Spectral type In contrast to the O-star case (cf. Massey et al. 2004, 2005;
Mokiem et al. 2006), the data for the SMC stars are, withiirthe
Fig. 10. Temperature scale for Galactic B-SG as derived in the pres@ﬂ'ors, consistent with the temperature scale for theinGia
study (dashed, see text), comparedrtp estimates for similar stars ciounterparts. This result might be interpreted as an itidica
al

in the SMC (from Trundle et al. 2004 (diamonds) and Trundle et f small or even negligible metallicityfects (both directly, via
2005 (triangles)). The grey area denotes the standard deviation of?hg 9 _g . . ke - . Y:
and indirectly, via weaker winds) in thesn-

regression for Galactic objects. Spectral types account for metallic*'tg}e'blanket'ng’ Ll
effects (from Lennon 1997), see text. perature regime of B-SGs, at least for metallicities in eetw

solar and SMC (about 0.2 solar) values. Such an interpoetati
would somewhat contradict our findings about the strong-nflu
ence of line-blanketing in the Galactic case (given thas¢he
effects should be lower in the SMC), but might be misleading
since Trundle et al. (2004, 2005) have used the spectral clas
Lefever et al. sample where the temperatures might be partisification from Lennon (1997), which already accounts fer th
larly affected by strong winds or other uncertainties (marked bywer metallicity in the SMC. To check the influence of this re
large circles in Fig, 8, right). Accounting for the errorsTigy, classification, we recovered the original (MK) spectraktyof

et (i

T o15x107 -
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Fig. 11. Left: WLR for Galactic B-SGs, based on data from the combined sample: ddsnoour data; triangles - data from Crowther et
al. (2006); squares - data from Urbaneja (2004) and plus signs frdataefever et al. (2007) (GROUP I, without the three “problematic”
objects). The two pairs of symbols connected with dashed lines cormggpahe two entries for HD 190603 and HD 198478 as listed in
Table 2. For the latter object and for HD 199478, we also provide eams indicating the rather large uncertainty in their wind-momenta.
Specially marked objects are discussed in the text.

Right: Wind-momenta of B-SGs from the left (diamonds and asterisks) ar@ad with similar data for O-SGs (triangles). Filled diamonds
indicate B-type objects witlies >21 000 K, asterisks such withs <12 500 K and open diamonds B-types with temperatures in between 12 500
and 21 000 K. The high luminosity solution for HD 190 603 is indicated by asgOverplotted are the eafiyid B - (small plus-signs) and A
SG (large plus-signs) data derived by KPL99 and the theoretical pitidrom Vink et al. (2000) for Galactic SGs with 27 500, <50 000
(dashed-dotted) and with 12 500, < 22 500 (dashed)

Error bars provided in the lower-right corner of each panel reprethe typical errors in lob/L, and logDnmfor data from our sample.
Maximum errors in lo@®yomare about 50% larger.

the SMC targets using data provided by Lennon (1997, Talded HD 198 478, both alternative entries (from Table 2) are in
2), and subsequently compared them to our results for Galadicated and connected by a dashed line. Before we consigler th
B-SGs. Unexpectedly, SMC objects still do not show any syglobal behaviour, we first comment on few particular objects

tematic deyiation from the Galactic scale.but are, instdégﬂ, « The position of HD 190 603 corresponding Bo- V=0.540
tributed quite randomly around the Galactic mean. Mostsp#au(mwer luminosity) appears to be more consistent with tise di

bly, this outcome results from the large uncertainty in séc tribution of the other data points than the alternative fmsi

types as determined by Azzopardi & Vigneau (19753uch i B v=0.760. In the following, we give more weight to
that metallicity éfects cannot become apparent for the SMe former solution.

objects considered here. Nevertheless, we can also c@ncligqq 1 ositions of the two B5 stars suggested as being misclas-

that the classification by Lennon (1997) has been done in-a PSfied (HD 191243 and HD 108 659, large diamonds) fit well
fect way, namely that Galactic and SMC stars of similar speg; '

tral t o h ilar phvsical ¢ ‘ e global trend of the data, implying that these bright tgan
ral type also have similar physical parameters, as exgecte do not behave dierently from supergiants.

e The minimum values for the wind momentum of HD 198 478
(with v, =200 km s') deviate strongly from the global trend,
whereas the maximum ones(=470 km s?) are roughly con-
6.1. Comparison with results from similar studies sistent with this trend. For our follow-up analysis, we dist

) ] - ) this object because of the very unclear situation.
Using the stellar and wind parameters, the modified wind Mgy 157 236 (from the sample of Crowther et al., marked with
menta can be calculated (Table 3, column 14), and the wingdp e circle) is a hypergiant with a very dense wind, forafhi

momentum luminosity diagram constructed. The resultsfer ti, o authors adopte, = 112R, , which makes this object the
combined sample (to improve the statistics, but without ”Eﬁightestone in the sample. '

“problematic” stars from the Lefever et al. GROUP | sam-

ple) are shown on the left of Figure 11. Data fronffelient

sources are indicated byf‘fﬁrent symb0|s_ For HD 190 6036|Oba| features. From the left of Figure ll, we see that the
lower luminosity B-supergiants seem to follow a systemati-

15 ysing low quality objective prism spectra in combination with Mkcally lower WLR than their higher luminosity counterparts,

classification criteria, both of which contribute to the uncertainty. with a steep transition between both regimes located in be-

6. Wind-momentum luminosity relationship
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tween logL/L, =5.3 and lod_/L, = 5.6. (Admittedly, most of 6.2. Comparison with theoretical predictions and the

the early type (high L) objects are la’s, whereas the lateesy bistability jump

concentrate around lab’s with few/la’s.) This finding be- ) ) o )

comes even more apparent when the WLR is extended towaf§sording to the theoretical predictions by Vink et al.
higher luminosities by including Galactic O supergiantsii  (2000), Galactic supergiants witfffective temperatures be-
Repolust et al. 2004: Markova et al. 2004; Herrero et al. poo3veen 12500 and 22500 K (spectral types B1 to B9) should
as done on the right of the same figure. follow a WLR dlfferen_t fror_n that of hotter st_ars (O-types_and
early B subtypes), with wind momenta being systematically

KPLdE_JQ WV?/TF;h? :i)r;tAto point _outtthgt th&x;ets in thetc?rt- larger. From Figure 11 (right), however, it is obvious that the
responding 0 ~Supergiants depend on Spectral typgy o e d behaviour does not follow these predictionseaukt

being strongest for O-SGs, decreasing from B0O-B1 to B1.5- ority of O- ianales — IV th L
B3 andincreasing again towards A supergiants. While some, e majority of O-SGs (triangles — actually those with i

of these results have been confirmed by recent studiessotrz(arpiss’ion’ see below) follow the low-temperature predittio
have not (Crowther et al. 2006; Lefever et al. 2007). ashed line), while most of the early BO-B1.5 subtypeseill

diamonds) are consistent with the high-temperature pliedi

To iﬂvestigate this issue in more detail and based on t&mshed_dotted)' and later Subtypes (from B2 on, open dia-
large sample available now, we have highlighted the early afonds) lie below (1), by about 0.3 dex. Only few early B-types
jects (B0-B1.5, 21 008Ter <27 500 K) in the right-hand panel are |ocated in between both predictions or close to the low-
of Figure 11 using filled diamonds. (Very) Late objects witGemperature one.
Ter < 12500 K have been indicated by asterisks, and interme- The ofset between both theoretical WLRS has been ex-
diate temperature objects by open diam(_)n(_js. Trianglestélengained by Vink et al. (2000) due to thacrease in mass-loss
O-SGs. Additionally, the theoretical predictions by Virkaé  rate at the bi-stability jump (more lines from lower iron ion
(2000) are provided via dashed-dotted and dashed line®-Cofzation stages available to accelerate the wind), whichlg o
sponding to the temperature regimes of O and B-supergiaiigytly compensated by a drop in terminal velocity. The size o
respectively (from here on referred to as “higher” and *I6we the jump inM, about a factor of five, was determined requir-
temperature predictions). Indeed, ing a drop inv,, by a factor of two, as extracted from earlier

e O-SGs show the strongest wind momenta, determining a Oq{gservations (Lamers et al. 1995).

ferent relationship than the majority of B-SGs (see below). However, more recent |nvest|gat|or)s (Crowther et al. 2006,
. see also Evans et al. 2004) have questioned the presenaghof su

¢ the wind momenta of BO-B1.5 subtypes are larger than thoéejump" in V.., and argued in favour of a gradual decrease in

of B1.5-3, and both follow a dierent relationship. However, , Nese, from ~3.4 above 24 kK to-1.9 below 20 kK.

a direct comparison with KPL99 reveals a large discrepancy
for mid B1.5-B3 subtypesNlog Dyomabout 0.5 dex), while for
B0-B1.5 subtypes their results are consistent with thosen fr
our combined dataset.

In the following, we comment on our findings regarding
this problem in some detail, (i) because of the significant in
crease in data (also at lowdig ), (i) we will tackle the
problem by a somewhat modified approach and (iii) recently
e Late B4-B9 stars follow the same relationship as mid sug-new investigation of the bistability jump by meansraf
types. dio mass-loss rates has been published (Benaglia et al. 2007)
which gives additional impact and allows for further conipar

Thus, the only apparent disagreement with earlier findiegs %odconclusions.

lates to the KPL99 mid-B types, previously pointed out by First, let us define the “position” of the jump by means

Crowther et al. (2006), and suggested to be a result of Iig?thev Nesc-ratios from the OBA-supergiant sample as de-
blockingblanketing &ects not accounted for in the KPL99,. ool ese T ; berg . pie. ,,
6 o S o fined in the previous section (excluding the “uncertain” ob-
analysis'® After a detailed investigation of this issue for ONe.t HD 198 478). In Figure 12, two temperature regimes with
proto-typical object from the KPL99 sample (HD 42 087), Wi ' 9 : b 9

. . . considerably dterent values of such ratios have been identi-
are convinced that the neglect of line blockiinignketing can- . )
) fied, connected by a transition zone. In the high temperature
not solely account for such lower wind momenta. Othégats

must also contribute, e.g., overestimafdalues, though at regime [Ty > 23 kK), our sample provides. /Vesc ~ 3.3+0.7,

least the latterféect still leaves a considerable discrepancy. ://vh/evreaf T;jg Jozwaerr:iﬁzr?%ela?e%ﬂé;tirlr;tl((e?és\,l\g tf)lg?:on
o0 esc ™~ PR ju mp O . . -

On the other hand, a direct comparison of the KPL99 Agered cautiously, due to the large uncertainties at tverlo
supergiant dataset (marked with large plus-signs on theoly ong wherev,, = Vesc has been adopted for few stars due to
Fig. 11) with data from the combined sample shows that th%iﬁssing diagnostics.) Note that the individual errorsofVesc
wind momenta seem to be quite similar to those of mid and la{g, fairly similar, of the order of 33% (faxMy = 0.3,Alogg=
B subtypes. Further investigations based on better statiste (15 andav,, NNeo = 0.25) to 43% (in the most pessimistic case
required to clarify this issue. AMy, = 1.0), similar to the corresponding Fig. 8 by Crowther et

al..

16 These authors have employed thmblanketed version of In the transition zone, a variety of ratios are present,
FASTWIND (Santolaya-Rey et al. 1997) to determine wind param#us supporting the findings discussed above. Obviously
terggravities while &ective temperatures were adopted using the uthhough, large ratios typical for the high temperature regio
blanketed, plane-parallel temperature scale of McErlean et al. (199%e no longer present from the centre of the transition re-
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differences compared to our alternative approach formulated

) S A T A below.
b NS 1 From the scaling relations of line-driven wind theory, we
i o ] have
4 E & @ X o ¢ ]
' A M o k& L (Mo (1= D)% )
0 3L § o A0 Vo = CuVeso  Vesco< (My(1-T))2 (3)
> L oo |
N e ] wherea’ is the diference between the line force multipliers
= ok o __ %&‘» E a- 1) (cor_respondlng_to f[he _slope of the Ime-strength distribu-
F © 7 t;i 4 1 tion function and the ionisation parameter; for detailg, Bals
'''''''''''' S L et al. 2000)k - the force-multiplier parameter proportional to
[ g oo @ ,g ; 3 the dfective number of driving lines arid- the (distance inde-
i L 1 pendent!) Eddington parameter. Note that the relatiorMds
oOf ‘ ‘ I problematic because of its mass-dependence, andwtitaelf

38 40 40 44 46 48 depends on distance. By multiplying with, and R /Ro )1/2,_
we obtain the well-known expression for the (modified) wind-
momentum rate,

Fig. 12. Ratio ofv,, /Vescas a function of lo & . Diamonds: combined Dmom = MVM(R*/R@)% o k¥ CouL# (M,(1-1))® 4)
OBA-supergiant sample as in Fig. 11, right panel. Astefjgks-signs 1 3

refer to the earlymid B supergiants from the sample by KPL99. Large &€= o 2 (5)
diamonds again correspond to the potentially misclassified B5-objects 1

HD 191243 and HD 108659. The triangle denotes the hypergidag Dmom ~ — logL + Do (6)
HD 152 236 and the three squares - the various positions of HD 53 138 @

as derived by Crowther et al. (2006), Lefever et al. (2007) andgoP Do = i logk + logC., + const (7)
(references ordered by increasifig ). Individual errors extend from o

33% t0 43%. See text. where we have explicitly included here those quantitiesctvhi

are dependent on spectral type (and metallicity). Remember
that this derivation assumes the winds to be unclumped, and

. . ., thate is small, which is true at least for O-supergiants (Puls et
gion on, so we can define a “jump temperature” f ~ al. 2000).

,[20’000 Kt NevetheIess,nggs}\(/e S.hiﬁedttlh € btolrder OI.tH&Lh 9 Investigating various possibilities, it turned out thae th
emperature regime e = » Since at east low ratios are(predicted) scaling relation for a quantity defined sintylars

present until then (note the dashed vertical and horizdinesd th tical-denth i t ticularly advant
in Fig. 12). The low temperature border has been defined anaE optical-depth invariant is particularly advantageous

ogously, as the coolest location with ratie® (dotted lines). . M Qe kv 4 M, (1-T)
By comparing our (rather conservative) numbers with those Q = ;v_ * Ca effgeff’ Gerr T (8)
from the publications as cited above, we find a satisfactory
agreement, both with respect to the borders of the transitigg Q' ~ i/ log Ter + D}y 9)
04

zone as well as with the average ratio¥9fvesc. In particular,
our high temperature value is almost identical to that @eriv Dy = 1 logk — logC., + const (10)
by Crowther et al. (2006); Kudritzki & Puls 2000 provide an o
average ratio of 2.65 fofer > 21 kK), whereas in the low tem-  Thjs relation for thedistance independent quantity Q' be-
perature regime we are consistent with the latter invetiga comes a function of loger andD}, alone ifa’ were exactly 23,
(Kudritzki & Puls: 1.4). The somewhat larger value found bye_ under the same circumstances as the WLR. Obviousdy, thi
Crowther et al. results from missing latest spectral st#yp relation has all the features we are interested in, and we wil
Having defined the behaviour gf,, we investigate the be- investigate the temperature behaviouvby plotting log Q’
haviour of M, which is predicted to increase more stronglys. log Ter . We believe that the factor,/ger iS a monotonic
thanv,, decreases. As we have already seen from the WLIRnction on both sides of and through the transition zonés as
this most probably isot the case for a statistically repre-also the case foges itself. Thus, the log) — log Teg relation
sentative sample of “normal” B-SGs, but more definite statshould react only on lierences in theffective number of driv-
ments become ficult for two reasons. First, both the indepening lines and on the flierent ratiov., /VescOn both sides of the
dent (logL) and the dependent (Id@mom) variable depend on transition region.
R, (remember, the fit quantity is ndd but Q), which is prob- Fig. 13 displays our final result. At first glance, there is al-
lematic for Galactic objects. Second, the wind-momentuie ranost no diference between the relation on both sides of the
is a function ofL but not of Te¢ alone, such that a division of “jump”, whereas inside the transition zone there is a laoge-s
different regimes becomesfiitult. To avoid these problems,ter, even if not accounting for the (questionable) mid-B sta
let us firstly recapitulate the derivation of the WLR, to see thdata from KPL99.
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jects of the KPL99 sample are located just in this regionmro

B I T L e S B then on,Q appears to remain almost constant until 14 kK,
E 0o J whereas the WLR is rather flat between &.1ogL /L, < 5.4,
_qoF &7 ] in agreement with the findings by Benaglia et al. (2007, their
g / ] Fig. 8). At the lowest temperatur@sminosities, bothQ’ and
13 i f E the WLR decrease again, with a similar slope as in the hot star
i g o] 45 ] domain. This dfers a possibility of a discontinuous behaviour,
o 3 By E but, again, in contradiction to what is predicted.
= — 4; /%Qo ] We now quantify the behaviour of the mass-loss rate in
o E Y- %ﬁ ] the low temperature region (compared to the high temperatur
—15F ] @t+ E one), in a more conservative manner than estimated above, by
g ] using both the logY relationand the WLR. Accounting for
—16F s the fact that the corresponding slopes are rather simil&otm
] sides of the transition zone, we define figlience of ffsets,
e A A N
38 40 42 44 46 48  ADg=» $A|09k+AIOQCm (11)

log T, 1
" AD) ~ —Alogk - AlogCa, (12)
a

Fig.13. Modified optical depth invariant, 10g’ (Eq. 8, as a func- o o ;ated with respect to “low” minus “high”. From the WLR,
tion of log Ter . Symbols as in Fig. 12, with vertical bars indicatin

the “transition” region between 18 and 23 kK. Note that the mid a’i’e haveAF)o < 0, whereas th@ rglatlon ImpI_IeSADO 20,

type supergiants from the KPL99 sample (plus-signs) deviate from fifeb€ cautious. Thus, the Cha”geitm logk (which expresses

trend displayed by the other objects. Regression for the complete si@ diference in logVl on both sides of the jump, cf. Eq. 2) is

ple (excluding HD 53138, HD 152 236 and the KPL99 B-supergiantspnstrained by

overplotted in solid; dashed regression similar, but additionally ex- 1

cluding the objects in the transition region (see text). AlogC, < —Alogk < ~AlogCe. (13)

04
. ) . To be cautious again, we note thatogC,, should lie in the

. Initially, we calculated the average slope of this relgtuyn. range log(1.2.4) ... log(1.23.3)= -0.1 ... -0.4, accounting

linear regression, and then the corresponding slope byiaidi ¢ 1o worst and the average situation (cf. Fig. 12).

ally excluding the objects inside the transition regiorsfiz). 11,5 the scaling factors of mass-loss rates on both sides of
Both regressions give similar results, interpreted in teofw’ the jump (cool vs. hot) dier by

with values of 0.65 and 0.66 (!), respectivElyand with stan-

dard errors regarding la@’ of £0.33 and+0.28 dex. 04..08<kv <1.25..25 (14)
If the relations indeed were identical on both sides of the . ) ] )

jump, we would also have to conclude that théset, D}, is ie., M either decreases in parallel with, /VescOr increases

identical on both sides of the transition region. In thisscase Marginally.

decrease i, /VescWithin the transition zone has to be more

or less exactly balanced by tisame amount of a decrease inwind efficiencies. Before discussing the implications of these
ko, i.e., bothM andv,, are decreasing in parallel, in completdindings, let us come back to the investigations by Benaglia
contradiction to the prediction by Vink et al. et al. (2007) who recently reported evidence of the possi-
A closer inspection of Fig. 13 (in combination with the corble presence of a local maximum in the winfli@ency,n =
responding WLR of Fig. 11) implies an alternative interpreM v, /(L/c), around 21 000 K, which would be at leastjimel-
tation. At the hottest (high luminosity) end, we find the typiitative agreement with theoretical predictions. In Figure 14,
cal division of supergiants with Hn emission and absorption,we compare the windfgciencies as derived for our combined
where the former display arffset of a factor 2...3 above thesample (from H ) to corresponding data from their radio mea-
mean relation, a fact which has been interpreted to be telattirements (filled dots). The dashed line in the figure display
to wind-clumping previously. the theoretical predictions, which, again, are based omtie
Proceeding towards lower temperatures,@heelation be- els by Vink et al. (2000).
comes well defined between roughly 31kK and the hot side of There are eight stars in common with our sample for which
the transition zone (in contrast to the WLR, which shows movege display the Hresults only, not to artificially increase the
scatter, presumably due to uncert&p). Inside the transition statistics. At least for five of those, all of spectral type 80
zone and also in the WLR around lagL, ~ 5.45, a large scat- B2, a direct comparison of the tand radio results is possi-
ter is present, followed by an apparent steep decrease @ lodle, since same values of; , R, andv,, have been used to de-
and wind-momentum rate, where the former is located justrte the corresponding windigciencies. In all but one of these
the “jJump temperature” of 20 kK. Note that the mid-B type obstarg®, radio and optical mass-loss rates agree within 0.2 dex,

17 slope of regression should correspond/@ 4f the relations were 18 HD 41117, withM from H, being 0.37 dex lower than from the
unique. radio excess.
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that this local bump does not seem to be strongly biased by
5 B . such uncertainties, but is instead due to a real increalk.in

6.3. Discussion

;Q ] Regarding a comparison with theoretical models, the major
] conclusion to be drawn from the previous section is as falow
In addition to the well-known factor of two discrepancies fo
dense O-SG winds, the most notable disagreement (discard-
ing local dfects within the transition zone for the moment) is
found in the lowTgs /low L B-SG domain, confirming the anal-
ysis by Crowther et al. (2006). The predictions by Vink et al.
clearly require the decreasevg to beovercompensated by an
. ] increase inM throughout the complete midte B-star regime,
R B . whereas our analysis has shown that this is not the casesit be
40 30 20 10 M increases by the same amountasiecreases, though a re-
Terr (in kK) duction of M seems to be more likely, accounting for the fact
that the upper limit in Eq. 14 is a rather conservative edtima
Fig. 14. Wind-efficiency, 5, as a function ofTe; , for our combined Since the calculation afbsolute mass-loss rates and wind-
sample (symbols as in Fig. 12) and objects as analysed by Benaglin@menta is a diicult task and depends on a number of uncer-
al. 2007 (filled dots, mass-loss rates from radio excess). Eight obje@ities (see below), let us firstly consider the possipitiat at
in common have been discarded from thger sample. Overplotted least the predictions regarding thaative change inM (from
(dashed) are their theoretical predictions, based on the models by Mirtk to cool objects) are correct, and that clumpifigets this
etal. (2000). prediction only marginally.
In this case, the most simple explanation for the detected
o ] ) _ discrepancy is that cooler objects are less clumped than hot
which is comparable to th.e typlcal unce.rtalnty. of the opticgsr ones. Since Vink et al. predict an increaseMrof a fac-
data. Translated to potential wind-clumping, this wouldame o of five, this would imply that the clumping factors for hot
that the outer and inner wind-regions wetéeated by simi- (1 ghjects are larger by factors of 4 (most optimistic case)
lar clumping factors, in analogy to the findings fbin O-star 156 (worst case) compared to those of cooler 3A&iven our
winds (Puls et al. 2006). From Fig. 14 now, several issues &jgsent knowledge (see Fullerton et al. 2006, Puls et ab 200
apparent: and references therein), this is not impossible, but raises
e As for the wind-momenta and mass-loss rates, also the wirgiiestion about the physical origin of such @elience. This
efficiencies of OB-supergiants do not behave as predicted hgipothesis would also imply thatl B-SG mass-loss rates are
least globallyt® Instead, they follow a diierent trend (for” = overpredicted, though to a lesser extent for cooler sulstype
2/3, one expecty o« T2 (RC°k°C,.), i.e., a parabola with In the alternative, and maybe more reasonable scenario that
spectral type dependenfset), where, as we have already seeth)e clumping properties of OBA supergiants were not too dif-
the dfset at the cool side of the jump is much lower than in tHerent, we would have to conclude that at least the low tem-
simulations by Vink et al. Actually, this is true for almosiet perature predictions fier from unknown defects. Note, how-
complete B-SGs domain (between 27 and 10 kK). ever, that a potential “failure” of these predictions doeg n
e Similar as in theobserved wind-momentum luminosity dia- invalidate the radiation driven wind theory itself. The wdt
gram (Fig. 11, right panel), some of the O-supergiants do fadhass-loss rates depend on tifeetive number of driving lines,
low the predictions, while others show winélieiencies which and, at least in principle, this number shodktrease towards
are larger by up to a factor of two. Note that this result is-sufpwer Tez, due to an increasing mismatch between the po-
ported byboth H, and radio diagnostics. If this discrepancysition of these lines and the flux maximum (e.g., Puls et al.
were interpreted in terms of small-scale clumping, we wouRP00). In Vink's models, it increases instead because khas
have to conclude that the winds of these objects are modieratdany more lines than Fe, and because these lines are dis-
clumped, even at large distances from the stellar surface. tributed over a significant spectral range. The absolute-num
« Within the transition zone, a large scatter towards higlagr vber of these lines and their strengths, however, depend-on de
ues ofy is observed, which, if not due to systematic errors i&ils of the available data (not forgeting the elementalnabu
the adopted parameters, indeed might indicate the preséncéances, Krticka & Kubat 2007), a consistent description of
a local maximum, thus supporting the findings of Benaglia #t€ ionisatioyexcitation equilibrium and also on other, compli-
al. (2007). From a careful investigation of the distribatiof cating éfects (e.g., the diuse radiation field diminishing the
stellar radii, terminal velocities and mass-loss rateshelive line acceleration in the lower wind, Owocki & Puls 1999, and
the potential influence of microturbulence, Lucy 2007), athi
19 In contrast toQ', 7 is not completely radius-independent, but inmakes quantitative predictions fairly ambiguous. Morepife
cludes a dependenceR;%%, both if M is measured by Hand by the
radio excess. 20 from Eq. 14 with ratios of (52.5)? and (50.4)?
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the winds were clumped, this would influence the hydrodynarior mid and late subtypes. When strong winds are present, this
ical simulations, due to a modified ionisation structure. reduction can become a factor of two larger, similar to the si
That there is an ffect which is most probably related toation encountered in O-SGs (Crowther et al. 2002).

the principal bistability mechanism (Pauldrach & Puls 199Q To our surprise, a comparison with data from similar SMC
remains undisputed, and is evident from the more or less S%jects (Trundle et al. 2004, 2005) did not reveal any system
den decrease W, /Vesc. Additionally, there is a large probabil- tic difference between the two temperature scales. This result
ity that at least inside the transition zone a “local” in@ea®f s interpreted as an indication that the re-classificatreme
(Mv.,) is present, which would partly support the argumeniss developed by Lennon (1997) to account for lower metal line
by Vink et al., though not on a global scale. Furthermore, tgengths in SMC B-SGs also removes tifieets of diferent
scatter ofQ’ (and wind-momentum rate) turned out torbech  degrees of line blanketing.

larger in the transition region than somewhere else. Thigmi 5. Investigating the wind properties of a statisticallyrsig

be explained by the fact that hydrogen begins to recombineclgnt sample of supergiants willa; between 10 and 45 kK, we

the wind just in this region, whereas the degree of recoml?(Jj'entified a number of discrepancies between theoreti@l pr

hation depends ona multitude of parameters, thus_ Ieadmgdh?tions (Vink et al. 2000) and observations. In fair aceorce
the observed variety of mass-loss rates and terminal Vel%\th recent results (Evans et al. 2004; Crowther et al. 2006)
ties. Finally, note that at least the observed hypergiagtnse L ! L .

- : . " : ) our sample indicates a gradual decrease,im the bi-stabilit
to be consistent with the bistability scenario, which, ik, P g 3 y

- . ) _ (“transition”) region, which is located at lower tempenasi
has been originally “invented" for these kind of objects. than predicted: 18 to 23 kK (present study) against 22.5 to 27

kK.

By means of anewly defined, distance independent quan-
tity, Q" = M/RL® gerr/Veo) We have investigated the behaviour
In this study, we have presented a detailed investigatiagheof of M as a function ofT; . Whereas inside the transition zone
optical spectra of a small sample of Galactic B supergiangs|arge scatter is present (coupled with a potehtiedl maxi-
from BO to B9. Stellar and wind parameters have been otmum in wind dficiency around 21 kK)(Y' remains a well de-
tained by employing the NLTE, unified model atmosphere cofieed function with low scatter in the hot and cool temperatur
FASTWIND (Puls et al. 2005), assuming unclumped windsegion outside the transition zone. Combining the behaviou
The major findings of our analysis can be summarised as fof-Q and the modified wind-momentum rate, the change in
lows. M over the bi-stability jump (from hot to cool) could be con-

1. We confirm recent results (Ryans et al. 2002; Dufton et &frained to lie within the factors 0.4 to 2.5, to be conseveat
2006; Simon-Diaz & Herrero 2007) of the presence of a (synhus, M either decreases in parallel with, /vesc(more proba-
metric) line-broadening mechanism in addition to stelar rble), or, at most, the decreasevais just balanced by a cor-
tation, denoted as “macro-turbulence”. The derived vahfes 'esponding increase iM (less probable). This finding contra-

Vmacare highly supersonic, decreasing fren60 km s*at BO dicts the predictions by Vink et al. (2000) that the decrease
to~ 30 km s!at BO. V. Should beover-compensated by an increase iM, i.e., that

2. We determined the Si abundances of our sample stars in Fglag_ww_]dl-mlomenta should mcrt;ase over th; Jtr‘]mp' Ccc‘)ﬁnsgerm
allel with their corresponding micro-turbulent velocgtie potential clumping fects, we have argued that sudffieets

(i) For all but one star, the estimated Si abundances were C%ILnot ct;)hangg <|)|ur basic resultl, url1less r:jot:]er obje?ts tumn
sistent with the corresponding solar value (withifl.1 dex), © b€ substantially more strongly clumped than cooler olmes.
in agreement with similar studies (Gies & Lambert 1992NYy case, at least in the low temperature region presemetheo

Rolleston et al. 2000; Urbaneja 2004; Przybilla et al. 2006§2! Predictions foM are too large!

For HD 202 850, on the other hand, an overabundance of ab®his finding is somewhat similar to the recent “weak-wind
0.4 dex has been derived, suggesting that this late-B siapérgproblem” for late O-dwarf&, though probably to a lesser ex-
might be a silicon star. tent. Thus, it might be that our understanding of radiation
(i) The micro-turbulent velocities tend to decrease ta¥gar driven winds is not as complete as thought only a few years ago
later B subtypes, from 15 to 20 knTlsat BO (similar to the Thus, it is of extreme importance to continue tiog of con-
situation in O-supergiants) to 7 km'sat B9, which is also a structing sophisticated wind models, including the afaeam
typical value for A-SGs. tioned dfects (wind-clumping, dfuse radiation field, micro-
(iii) The effect of micro-turbulence on the derivedfextive turbulence), both in terms of stationary and time-dependen
temperature was negligible as long as Si lines from the twimulations. With respect to the objects of the presentystud
major ions are used to determine it. a re-analysis of the “peculiar” mid-type B-supergiantsyirithe

3. Based on oufTe estimates and incorporating data froniKPL99 sample is urgently required as well. Finally, let usde
similar investigations (Crowther et al. 2006; Urbaneja £007; A detailed UV-analysis by Martins et al. (2004) showed the mass-

erybllla et al. 2006; Lefever et al. 2007), we confirm Pr8ass rates of young late-O dwarfs in N81 (SMC) to be significantly
vious results (e.g., Crowther et al. 2006) on a 10% dowgmgjier (factors 10 to 100) than theory predicts (see also Bouret
wards revision of the féective temperature scale of early Bet al. 2003). In the Galaxy, the same dilemma applies to the 09V
SGs, required after incorporating théfests of line block- 10 Lac(Herrero et al. 2002) and maybe alsof@co (B0.2V), which
ing/blanketing. Furthermore, we suggest a similar correctiahow very low mass-loss rates.

7. Summary and future work
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more) point to the unresolved problem of macro-turbulendeuydritzki, R.-P. 1980, A&A 85, 174

which implies the presence of rather deep-seated, statfigti Kudritzki, R.-P., Lennon, D.J., Puls, J. 1995, in: “Quantitative
distributed and highly supersonic velocity fields. How cam w Spectroscopy of Luminous Blue Stars in Distant Galaxies”. ESO
explain such anféect within our present-day atmospheric mod- Astrophysics Symposia, Science with the VLT, eds. J.R. Walsh &

els of hot. massive stars? I.J. Danziger, Springer, Heidelberg, p. 246
’ Kudritzki, R.-P., Puls, J., Lennon, D.J., et al. 1999, A&A 350, 970
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