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Abundance analysis of late B stars  *
Evidence for diffusion and against weak stellar winds
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Abstract. Based on high 8l spectra obtained at La Silla, Chile, and the Special Astrophysical Observatory, Russia, the
abundances of He, C, O, Ne, Mg, Si, Ca, Fe, Sr, and Ba in 27 optically bright B5-B9 main-sequence stars were determined.
NLTE effects were taken into account. A variety of abundance patterns is present in late B stars. Accurate surface abundances of
the difusion indicators O, Mg, Ca, Sr and Ba suggest that element stratification ddieisiadti is common in the program stars.

Models of stellar atmospheres which include meridional mixing can explain the observed anomalies. Although the program stars
represent only a volume-limited sample of the solar neighbourhood this result is important for the cosmochemical evolution

of the Galaxy: the surface abundances of the stars investigated do not necessarily reflect the chemical composition of the
interstellar cloud they originated from. Furthermore, five program stars show narrow absorption lines in Call K which can be
attributed to circumstellar gas. Neon serves as a trace element for the occurrence of weak stellar winds. Neon overabundances
of some stars derived under the assumption of LTE suggest that such winds have been detected. In sharp contrast, the more
realistic treatment of NLTE leads to solar neon abundances and thus reveals that weak stellar winds are absent in the program
stars.
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1. Introduction radiative levitationleads to element separation viafdsion
that occurs directly below the convection zone. Depending on

temperatures cause the ionisation zones of hvdroaen and ihs §1bsorption cross-section a certain element in this reservoir
P yarog Wil either be enriched or depleted. With the atomic data from

T e e e Sure3fs Opacty Prect (Seato et l. 199)former shortcomings
thinner and less turbulent. But this absence of turbulent ¢ (W_ﬁweoretical calculations could be improved (Gonzales et al
' Oﬂ395). Abundance determinations of A stars classified as “nor-

vection does not necessarily lead to ideal, static atmospheFﬁal,, have shown a variety of abundance anomalies (Holweger

Some A and B stars show spectroscopic signatures of Miclo~ ' ga6- Gigas 1986, 1988; Lemke 1989, 1990). In normal
scopic and macroscopic transport processes. The dlagnostlcR 6jtars difusion leads to deficiencies of Ca as well as over-
these processes yield valuable information about the behavingrmdances of strontium and barium

of an element under the influence of gravitation and radiation.
Even in nonmagnetic stars this leads to a variety of abundance), tne same temperature regime th@ootis-phenomenon

patterns. _ may occur in pre-main-sequence stars. The characteristic metal
On thecooler end of the upper main-sequence the We{|ngerabundance of these young stars is attributed thexetit
knownFm-Am starare not exceptional (WA11983). Michaud yechanism of element separation: thecretion of metal-
(1970) invoked dfusion processes as an explanation for thogggicient gas from the circumstellar environment after gas-dust-
abundance anomalies. Since then various studies on both ths%‘b‘aration (Venn & Lambert 1990). As a result the volatile
retical and observational aspects of abundance anomalies ha¥gents carbon nitrogen, and oxygen have nearly solar abun-
been carried out (see, e.g., Gonzalez etal. 1995; Alecian 1996} ces while heavier elements with higher condensation tem-
The basic idea is that the competitiorgrévitative settin@nd  peratyres are locked up in the dust grains and therefore are de-

Send giprint requests toM. Hempel, ficient in the stellar atmospheres l(lS&hbl_Jrg 1993; Paunzen
e-mail:mhempel@hs . uni-hamburg . de et al. 1999). Thel-Bootis-phenomenon is believed to occur

* Based on observations collected at the European South#Pre-main-sequence stars at the end of the:ir accretion phase
Observatory, La Silla, Chile and at the Special AstrophysicfHolweger & Rentzsch-Holm 1995). Depending on the accre-
Observatory, Nizhnij Arkhyz, Russia. tion rate the interplay of accretion andffdision can lead to

In stars of the upper main-sequence the increasifertve
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over- or underabundances of certain elements. In fast rotatansg the line strength, deviations from LTE can become signif-
meridional circulation can reduce these abundance anoritant, and neglecting NLTEfkects — as usual in the case of
lies (Turcotte & Charbonneau 1993). The comparatively shaktand late B stars — can conceal abundance patterns and make
phase of pre-main-sequence evolution is consistent with ttwrrelations insignificant.

paucity of thei-Bootis stars. Interestingly, the standard star By investigating the abundances of key elements for ele-
Vega is believed to be a member of this group. ment separation processes, the present study aims at a coherer

On thehot end of the main-sequence, radiative processpgture of the chemical composition of 27 late B stars based on
are dominant and lead to massive radiatively-drigéellar optical spectra. Deviations from LTE are taken into account,
windsin O stars and early-type B stars (Kudritzki & Hummeand the results are discussed in view dfuion processes and
1990). These stellar winds may lead to spectroscopic sigmeeak stellar winds.
tures of substantial mass loss (Kilian 1992). Furthermore, in
fast rotators proc_lucts of qucle_ar fusion can emerge t_o the Stf.l'Observations
lar surface. In spite of their rarity, these stars play an important
role in the enrichment of the interstellar medium with elemen®e have studied 27 B5-B9 stars (see Table 1) taken from the
like carbon, nitrogen, or oxygen. Bright Star Catalogue (Hiieit & Warren 1991, BSC) and clas-

The transition between thaiffusion-accretion dominated sified as “normal”, i.e. they neither have peculiar spectra nor
atmosphereand thewind-driven atmospherdigs in the region emission lines. The sample consists of 20 southern and 7 north-
of thelate B stars which are subject of this study. Theoreticaérn hemisphere stars. The spectra of 20 stars have been col-
approaches suggest that with increasiffgaive temperatures lected by A. Kaufer in February and March 1995 with the
from the regime of the A stars, selective stellar winds set EISO-50-cm telescope equipped with the HEROS spectrograph.
(Babel 1995) which blow away metals with large absorptiohhe spectra have a resolution Rf= 20 000. Data reduction
cross sections due to radiation pressure. One can expect #mat wavelength calibration was carried out by A. Kaufer using
such a “metallic” wind changes the composition of the steMIDAS.
lar surface, and may even contribute to the metallicity of the The spectra of the 7 other stars have been obtained by
interstellar medium. Furthermore, Landstreet et al. (1998) su@-A. Galazutdinov and F. A. Musaev in March 1999 with the
gests certain elements, like neon, are tracers for the detectioSAD 1-m-telescope using the echelle spectrograph. The wave-
weak stellar windsoverabundances of these elements provitiength range covers 3500A to 10000 A with a resolution of
valuable evidence for the presence of weak stellar winds in tRe= 45 000. Data reduction, as well as wavelength calibration,
order of 1614 M,/yr. Up to now, these weak stellar winds havevas carried out by the observers using their echelle software
not been detected spectroscopically. Their detection would feckage. The last column of Table 1 indicates the site of obser-
of great importance for éliusion theories as they often have twation. The spectra of both datasets havghi@ about 100.
be invoked to explain mild discrepancies between observations
and models (see, e.g., Alecian 1996). .

To date the previously described transition region in theé' Model-atmosphere analysis
range of the late B stars has been investigated only vérlge basic stellar parametéefg; and logy (see Table 1) have
sparsely, and literature on the processes of element separdbieen obtained via Sinigren photometry (Hauck & Mermillod
is scarce. The status of research is documented in the studi@80) using the calibration of Napiwotzki et al. (1993). The
of Adelman & Philip (1996), Smith & Dworetsky (1993), andATLASY code (Kurucz 1993) was used to calculatg) re-
Smith (1993, 1996). Adelman & Philip (1996) state thBlhe lations assuming solar metallicity. The temperature structure
general pattern of subsolar abundances among B stars [...]3erves as an input to our LTHLTE system. Pressures and par-
contrary to what is expected for stars which are much young#le concentrations were derived from thér) relations using
than the Sun’In some of the 10 investigated northern B starsur ATMOS code. The spectrum synthesis was carried out with
abundance anomalies are found, but a diagnosis is carried autline formation code LINFOR (Lemke 1991). Lemke (1989)
only in view of the chemical evolution of the Galaxy. In adfound a microturbulence of ~ 2 kms? in his analysis of
dition, the data are based largely on older photographic anady-stars, and the work of Fitzpatrick & Massa (1999) on the
sis, including low-dispersion, photographic spectra. Smith aptiysical properties of B stars reveals microturbulent veloci-
Dworetsky analyse IUE-spectra of 8 normal B 5-B 9.5 stars tiés between 0 kni$ and 1.9 kms! for six out of seven ob-
luminosity classes V and IV. Their resut\pproximately so- jects having similaiTes and logy values to those of our pro-
lar abundances of these elements are obtained for the norrgahm stars. In accordance with the findings of Krege (1995) we
stars”, is obviously contradictory to the findings of Adelmaradopted a microturbulence 6f= 1 kms™. We note that our
& Philip (1996). This suggests that in the crowded UV lin&ILTE abundance analysis of Sill and Fell lines offeient
spectrum of these stars, only large abundance anomalies s@engths revealed consistent abundances of weak and strong
be traced. In all the mentioned papers deviations from LTiBes. This suggests that= 1 km s is a good estimate of this
are neglected. Some of the stars investigated in this study hpeerly defined parameter. The VALD database (Piskunov et al.
been analysed by Wohler (1996) and van Thiel (1997) assuh®95) was used to select lines for abundance analysis and to
ing LTE. Their findings suggest star-to-star variations of cadentify blend lines. The logf values were also taken from the
bon, magnesium, calcium, and iron, but no definite indicatioW®LD compilation, except for carbon and oxygen for which we
for diffusion could be found. Depending on the ionisation stagseed the more recent data of Wiese et al. (1996).
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Table 1. Parameters of the program stars. The data were taken from the Bright Star Cataloffieit @¥uVarren 1991). Distances have been
calculated using HIPPARCOS parallaxes (ESA 1997). The last column indicates whether a star was observed from ESO (E) or SAO (S).

HR Name HD m, Sp. Ter logg vsini d RA DEC Obs.
Type (K) (cms?) (kms?) (pc) hm s o vy

806 e Hyi 16978 4.11 B9V 10910 4.29 1002 47.01 023935 -681601 E
1070 17 Eri 21790 4.73 B9V 11540 3.61 8@ 116.69 033037 -050431 E
1092 22252 5.83 B8V 11860 3.27 2&05 261.10 033052 -662923 E
1214 24626 5.11 B6V 14 300 4.12 2P 108.81 035339 -344356 E
1339 53 Tau 27295 535 B9lvV 12000 4.19 +2 8196 041926 +210832 S
1582 62 Eri 31512 551 B6V 15190 3.87 89 226.76 045624 -051017 E
1723 34310 5.07 B9V 11180 4.12 15@ 83.47 051524 -265636 E
1728 17 Aur 34364 6.14 B9.5V 11010 4.34 3@ 12195 051819 +334602 S
1973 38170 5.29 B9.5V 10250 3.69 [5]e0 11124 054215 -344004 E
2056 A Col 39764 4.87 B5V 15370 4.22 1013 104.71 055307 -334805 E
2948 61555 450 B6V 15460 4.20 50 139.28 073849 -264806 E
3158 66552 6.15 B9V 10450 4.09 54 91.57 080445 +185032 S
3439 74067 5.20 B9V 10880 414 363 8598 084019 -405115 E
3717 80781 6.28 B5V 14980 3.22 3B 1052.63 091933 -551112 E
4116 o Sex 90882 5.21 B9.5V 10360 3.84 143 9199 102929 -024421 S
4119 B Sex 90994 5.09 B6V 14570 4.21 a5 105.71 103018 -003813 E
4943 14Cvn 113797 525 B9V 11260 4.06 183 86.58 130545 + 354756 S
5501 108 Vir 129956 5.69 B9.5V 10250 3.75 84 188.32 144530 +004302 E
5685 pLib 135742 2.61 B8V 12040 3.26 32020 49.06 151700 -092259 S
5994 *Nor 144480 557 B9.5V 10580 4.29 873 83.19 160919 -575604 E
6628 161840 4.83 B8V 11990 3.38 e 186.22 174911 -314212 E
6633 161941 6.22 B9.5V 9960 3.26 33 757.58 174820 +034815 E
6647 162374 590 B6V 16900 3.72 3 25445 175214 -344757 E
6668 162817 5.96 B9.5V 9190 3.15 6! 258.40 175427 -342759 E
6878 169009 6.33 B9.5V 10440 3.95 45 105.15 182302 -101307 E
7337 BSgr 181454 4.01 B9V 11960 3.83 2 116.01 192238 -442732 E
8781 aPeg 218045 249 B9V 9810 3.51 13@ 4280 230446 +151219 S

B stars are known to have very large rotational velocities, A closer look at the LTE results in Tables 5-7 reveals
up towsini ~ 350 kms?, which lead to extremely broadenedhat some stars show conspicuous deviations from solar val-
line spectra. This causediiculties for a reliable spectrum syn-ues clearly above the error limit of. Ddex. Oxygen shows
thesis. Therefore we have selected the 20 southern hemisplpeomounced overabundances in most stars, and neon is over-
objects withw sini < 100 km 1. We have dropped this restric-abundant in some objects by nearly flex. Studies on oxy-
tion for the 7 northern stars. The reason is the detection gén (Baschek et al. 1977; Takeda 1992; Paunzen et al. 1999)
narrow absorption features in the Call K line and will be diand neon abundances (Dworetsky & Budaj 2000) reveal that
cussed in Sect. 6. Nevertheless the rotational velocities (listtése elements are expected to show large non-Lildtts.
in Table 1) we derived via spectrum synthesis reveal large &he values for magnesium scatter largely betwe®B dex and
rors of the values given in the BSC. 0.31dex with most abundances being subsolar. Nevertheless,

Based on the assumptions thtaTes = 200K, A logg = some stars have definitely non-solar magnesium abundances.
0.2dex, and\ ¢ = 1 km s’ we carried out calculations in orderSilicon and iron show scatter around the normal, solar abun-
to estimate the errors of our analysis. Botfeetive temper- dances. Calcium has obvious underabundances in some ob-
ature and log variations lead to maximum abundance urjects. Lastly, the heavy elements strontium and barium are
certainties of+0.1 dex, and variation of yielded abundance overabundantin most cases.
changes below0.05 dex. Thus we found that the typical error  To sum this up one can state that clear compositiortgdrdi

of our abundances is between 0.2 and 0.3 dex. ences have been found in the program stars. The question arises
whether these abundance patterns are real or due to the inade-
4. LTE-abundances guate assumption of LTE. To investigate this the NLTE calcu-

. lations outlined in the next section were carried out.
Apart from iron, solar abundances are from Anders and

Grevesse (1989); for iron the revised value of 7.51 Holweggr
et al. (1995) was used. Lines of ten elements, namely he-
lium, carbon, oxygen, neon, magnesium, silicon, calcium, iroNLTE corrections were carried out using the Kiel NLTE-code
strontium, and barium, were selected for abundance analyé&teenbock & Holweger 1984) for C, O, Ne, Mg, Si, Ca, Fe,
The lines are compiled in Table 2. Additionally, we include®r, and Ba. In the following some details concerning the model
all relevant blend lines. atoms are provided.

NLTE corrections
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Fig. 1. Some typical observed (solid lines) and synthetic spectra (dashed lines). Note the narrow absorption feature in the core of the Ce
line of HR 1070 (see Sect. 6 for details).

5.1. Carbon (Paunzen et al. 1999). This model atom is not appropriate for
the application to B stars having fegiently higher temper-
The carbon model atom by I. Kamp (Rentzsch-Holm 199@}res. Therefore an improved version was developed which
contains 83 CI levels, 15 levels of Cll and 79 line trang pased on the old one described in Paunzen et al. (1999).
sitions. It is an improved version of an older @latom |t contains 29 energy levels plus the continuum of Ol and
with a total of 88 levels and 66 transitions (&hburg & 71 |ine transitions. The energy levels have been obtained
Holweger 1990). A detailed description of the atom can Bgym the Atomic Spectra Database of NISTRIl energy lev-
found in Rentzsch-Holm (1996). Although the NLTE correcg|s up to 5f at 13.07eV were implemented and are listed
tions are not negligible, they are not very pronounced for magt Taple 3. Higher levels will only have negligiblefects.
of the program stars which is in accordance with the fingyhen available, energy resolved electron collisional cross-
ings of Rentzsch-Holm (1996). In fact, only for four stars ofections were adopted. The values for théP2p 2@D and
the twelve objects where carbon lines have been analyzedagq: — 2pS transitions were adopted from Tayal (1992), for
the corrections above®dex. No temperature dependency capPp — 38S0, 2P — 33Do, and 2P — 3dDo the data from
be found for the sample stars. As outlined byi8tiburg & Wang & Mc Conkey (1992) were used. Tayal & Henry (1989)
Holweger (1990) and Rentzsch-Holm (1996) NLTE correctiorpﬁ,ovide values for 23P — 38So, 2pP — 3PP, 2pP — 4$So,
of strong carbon lines depend on the equivalent width. This ghd 25P — 48P. Allowed electron collisional cross-sections
fectis only important for lines withV, > 100 mA. Because the missing were calculated according to Van Regemorter (1962).
lines of the program stars are weaker this is not observed hetgncerning the electron cross-sections for optically forbidden
The NLTE abundances of most stars investigated here scaf{gksitions the formula given by Allen (1973)

around the solar value.
T = = )
max gl AE
5.2. Oxygen was applied. In (1X2 denotes the collision strength, assum-

i . . . . . ing Q = 1, g is the statistical weight of the lower levély is
Igr]ee Ontl)n7l_7'l'7El getcrtlg Izts Ig:'ﬁiit:egdatsd Blgsé?:k sg'? ?I/ (Slh;;N e energy dierence between lower and upper level, a’g‘m;
9 y . ' e Bohr radius. Collisions with neutral hydrogen atoms were
and Takeda (1992). Furthermore, from previous work on leul followi bock |
stars (Paunzen et al. 1999) non-LTE corrections of up (fg cu ated_ oflowing St_eer_l ock & Ho Weger_(_1984). Becaus_,e
) %drogen is primarily ionised, electron collisions are domi-

—~0.7dex can be expected. An. .OI model atom containin nt and collisions with neutral hydrogen are not relevant for
15 energy levels and 17 transitions has been developed_by

I. Kamp & M. Hempel for the analysis oft Bootis stars ! http://physics.nist.gov/PhysRefData/contents.html
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Table 2. This table comprises all lines used for the abundance analysis. In Cols. 3 and 4 we compiled the contributions of blend lines and

additional comments, respectively.

Elemenflon  Wavelengths Blends Comments
Helium Hel 5876 weak Fell blend of 5 He |l lines
Hel 6678 weak FeBill 215000 K He | 6 times stronger than blends
Hel 7065 none usefut 12 000 K
Carbon CI13918920 H (3889A), CallK (3934A) blends have well-knowf values, clearly traceable
weak Fel[Till /Sl blends become weaker with risiigg
Cll 4267 weak Fe/Fell/S 1l blend of 3 Cll lines, C Il becomes stronger with risifig:
Cl16578 weak Fell C Il becomes stronger with with risifig
Oxygen Ool17771 weak Fell on red wing Ol triplet, suitable for the determinatiorsiofi
Neon Nel 6402 none tracer for weak stellar winds, uszfiil 500 K
Ne | 6506 none tracer for weak stellar winds, usefdll 500 K
Magnesium Mgl 4481 weak Fell Mg triplet, suitable for the determinationgifi
weak Hel (4471 A) of minor importance for fast rotators
Silicon Sill 41284130 weak MnliFell
Sill 50415355 weak Fel
Sill 6374 two weak Mgl lines
Sill 6371 one weak Fel line
Calcium CallK 3934 31 weak blend lines indicator foffdsion processes
K line used for detection of CS gas
Iron Fell 4233 weak Fel
Fell 4584 weak TilICr I blend of four Fell lines
Strontium Srll 4077 weak F¢Sill diffusion indicator, weaker Sr |l line with risinB
Srll 4215 weak CrliFe | diffusion indicator, weaker Sr 1l line with risinGus
Srll 4305 weak Fe JTill di ffusion indicator, weaker Sr |l line with risinBy
Barium Ball 4554 weak FelCr /Sl diffusion indicator, weaker Ba ll line with risinGe

our calculations. The completed O | model atom was comparae based on Seaton (1998) and Kurucz & Peytremann (1975).
with the old version and a study by Przybilla et al. (2000) whbhe NLTE corrections are negative for all sample stars. While
have carried out a study on NLTHects of oxygen and appliedneon shows conspicuous overabundances in LTE for some
their model atom to the three stars, Vega (AOM).eo (A0 Ib), stars, the NLTE abundances are rather solar. This is of impor-
and HD 92207 (A0 le). The value for the oxygen abundancetaince for the question of weak stellar winds and will be dis-
the standard star Vegdy = 9500K, logg = 4.0, [M/H] = cussed later.
—0.5) obtained with the O | model atom used in this work for
the O 7774 line is 8.52 which is accordance with 8.59 calcy- .
lated by Przybilla et al. (2000). The Vega spectrum used for t e4' Magnesium
abundance analysis of oxygen was recorded by I.K. & M.H. ithe Mgyl atom contains 99 levels and 71 line transitions and
January 2000 with the 1.52-m telescope of OHP equipped Wighan improved version by Gigas (1988) of the model devel-
the AURELIE spectrograph (Kamp et al. 2002). oped by Lemke (1986). The model atom was adapted by Gigas
For most of the program stars the NLTE corrections are for the use with ATLAS6 models having a frequency grid of
the range of-0.3 dex to—-0.7 dex. Somewhat exceptional is theg36 points. This grid defines the ODF averaged mean inten-
large correction for HR 3717 with1.18 dex. The reason for sities and is used for the computation of the photoionization
this is the low gravity of log = 3.22 —the second lowest of therates. For the calculations carried out in the course of this study
whole sample. A lower surface gravity leads to a weaker care more recent ATLAS9 version was used and therefore the
pling between the levels because the collisional rates decreas@nded frequency grid containing 1212 points had to be im-
due to lower electron and gas pressures. Therefore NLTE pfemented in the model atom. As outlined by Gigas (1988) the
fects are more important. corrections for Mg 4481 are expected to be negative. This result
is confirmed here. Nevertheless the deviations from LTE are
small, usually well below-0.2 dex. Therefore LTE is a good

5.3. Neon approximation of Mg 4481 abundances for late B stars.

The neon model atom was developed by J. Graf (2paad

consists of 45 Nel levels, 47 Nell levels, and 120 transition§:5_ Silicon

The atomic data was obtained from the Opacity Project (Seaton

et al. 1992) and the NIST compilation. The oscillator strengtfie silicon atom used was developed by Wedemeyer (2001).
It includes 115 energy levels of il and 84 lines. The
NLTE calculations show negative corrections for the sample
stars with the lowest temperatures whereas the deviations for

2 http://www.astrophysik.uni-kiel.de/d-pubalpha_
hol.html
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Table 3. Energy levels of the O | model atom. Table 4. Line transitions of the O | model atom: Lower level number
ay
(Low), upper level number (Up), wavelength and ¢dgvalue (Wiese
No. E[eV] Designation etal. 1996).
L 001 24°P L V] 1A loggf L U 1Al log gf
ow [o] ow [o]
5 197 28D p g9 3 g9
T 7 633379 -9.652 7 16 7256.4 —0.799
3 419 28's 1 3 297229 -10.478 7 19 7004.1 -0.410
4 9.15 355 1 4 135560 -5.238 7 25 6048.1 -1.286
1 5 13035 -0.330 7 27 5960.2 -1.140
5 952 3% 1 9 1040.1  -1.084 8 12 276370  0.868
1 1 1026.6  -0.743 8 22 12267.0 -1.100
6 1074 3pP 1 14 989.46  -0.303 9 12  34850.8 -4.248
7 1099 3pP 1 16 97719  -1.527 9 13 289270  0.666
117 974.07 -4.108 9 23  13077.0 -1.180
8 11.84 489 1 19 972.47  -0.906 10 20  18021.0 1.401
9 1193 48 1 25 951.59 -1.849 10 22 161100 -1.628
1 27 949.39  -1.246 10 28 125110  0.606
10 12.08 3dD° 2 3 5577.34 -8930 11 13  45506.0  0.442
11 1209 3dD° 2 5 1641305 -5.654 11 21 18244.0 1.188
) 2 14 1172504 -4.512 11 23 15666.0 -1.218
12 12.29 4pP 2 17 1152.15 -0.280 1 29 12570.0 0.380
3 5 2325452 -7.950 12 15 330750  0.655
13 1236 4pP 4 6 7773.4 0.700 12 18  26507.0  1.231
14 12.54 38D° 4 7 6728.16  —4.398 12 19 26207.0 -3.215
4 12 3947.4 -1.766 12 24  16872.0 -0.371
15 1266 58 5 6  10167.3 -4.553 12 26  15891.0  0.261
16 1270 58° 5 7 8446.5 0.492 13 16  36607.0  0.463
o 5 13 4368.2 -1.709 13 18 313936 -3.142
17 1273 34D 5 23 36934 -2.767 13 19  30977.0 1.037
o 6 8  11299.0 0.407 13 25  18229.0 —0.594
18 1275 4dD 6 10 9263.9 1.156 13 27  17453.0 -0.092
19 12.76  4dD° 6 11 9207.46  -3.831 14 21 54557.28 -2.260
6 15 6455.0 —0.589 14 23 36666.0 -1.328
20 1277 4fF 6 18 6157.3 0.034 14 29  23259.0 -1.131
21  12.77 AfF 6 19  6142.28 -4.420 18 20 973302.0 -2.467
6 24 5437.7 -1.067 18 22  131395.0 -0.136
22 1285 5pP 6 26 53315 -0.540 18 28 388080  1.326
23 12.88 5ﬁp 7 9 13165.0 0.222 19 23 103975.7 -0.229
7 10 113740 -3.861 19 29  39463.0 1.126
24 13.02 6¥° 7 11 11299.0 0.407 20 26 33135.0 —0.288
26 13.07 5d8D°
[0} . .
27 13.07 5dD Rentzsch-Holm (1996). Iron shows only slightly negative abun-
28  13.07 5fF dance corrections below0.1 dex in NLTE. Therefore LTE is
29 1307 5fF a good approximation for the program stars. This is in accor-
30 0.0 CONT dance with the results of Rentzsch-Holm (1996).

the hotter ones turn to positive values. About 50% of the pr§;8- Strontium

gram stars show solar values within the error limits. The strontium model atom (Be|yakova et al. 1997) incorpo_
rates 41 levels of Srll including the ground state of Srlll. The
level energies were taken from Moore (1952) and Lindgard &
Nielsen (1977), and thé values were adopted from Wiese &
The Ca/ll model was developed by W. Steenbock and is bas®&thrtin (1980), Lindgard & Nielsen (1977), and Kurucz (1994).
on the work of Watanabe & Steenbock (1985) on the Sun aRdrther details concerning the model atom can be found in
Procyon. The improved version used for this study contaiBglyakova et al. (1997). Non-LTE calculations for strontium
125 levels with 100 transitions. The corrections for the Call ivere kindly performed by Elena Belyakova using the Kazan
line are generally small and positive in most cases. Only faon-LTE code (Belyakova et al. 1999). With one exception
three stars do we finfhloge] > 0.2dex. Most of the stars (HR 2948) strontium lines of dlicient strength were only
which have non-solar Ca abundances within the error limfisund in sample stars below 12 000 K. Strontium is overabun-
show conspicuous NLTE underabundances up-@85dex. dantin LTE in most of those objects. The NLTE corrections are
This will be discussed further in Sect. 7. positive in all cases and quite conspicuous. This deserves some
comments in Sect. 7.

5.6. Calcium

5.7. Iron

An iron model containing 99 energy levels of Fel ang'g' Barium

Fell with 75 lines was developed by W. Steenbock &he Ball model by D. Gigas (1988) includes 42 levels and 36
T. Gehren. An extensive study using this model in a tempeéransitions. Only in one star was a barium line offsient
ature range between 7000 K and 12 000 K was carried outdiyength found. A new ATLAS9 frequency grid had to be
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Table 5.LTE and NLTE abundances. The NLTE corrections and abundances of C, O and Ne are given with respect to the solar values.

HR [HeH] [C/H] Aloge [CH] [O/H] Aloge [O/H] [Ne/H] Aloge [Ne/H]

LTE NLTE  LTE NLTE  LTE NLTE
806  0.44 - - - 08 -046 034 - - -
1070 008 -015 015 000 09 -055 0.35 - - -
1092  1.05 036 009 045 13 -074 056 - - -
1214 019 -0.17 022 005 08 -058 022 015 -0.15  0.00

1339 - -0.08 0.09 0.01 0.9 -0.55 0.35 - - -
1582 0.38 -0.05 0.24 0.19 1.3 -0.86 0.44 0.3 -0.28 0.02
1723 0.30 - - - 09 -0.35 0.55 - - -
1728 - - - - 00 -0.33 -0.33 - - -
1973 0.01 - - - -15 -043 -1.93 - - -
2056 0.17 -0.17 0.2 0.03 1.0 -0.64 0.36 0.1 -0.17 -0.07
2948 -0.25 0.45 -0.05 0.40 0.0 -035 -0.35 045 -0.17 0.28
3158 - - - - 05 -031 0.19 - - -
3439 0.42 - - - -15 -033 -1.83 - - -
3717 0.60 -0.16 -0.03 -0.19 15 -1.18 0.32 0.58 -0.47 0.11
4116 - - - - 0.8 -0.38 0.42 - - -
4119 0.29 -0.23 0.15 -0.08 1.0 -0.62 0.38 0.45 -0.19 0.26
4943 - - - - 1.0 -0.38 0.62 - - -
5501 - - - - 0.8 -0.42 0.38 - - -
5685 - - - - 16 -0.7 0.9 - - -
5994 - - - - 0.8 -0.44 0.36 - - -
6628 0.12 -0.2 0.24 0.04 1.3 -0.7 0.6 0.15 -0.15 0.00
6633 - - - - 116 -0.53 0.63 - - -
6647 -0.71 -0.42 0.14 -0.28 05 -0.61 -0.11 055 -041 0.14
6668 - - - - 11 -0.47 0.63 - - -
6878 - - - - -05 -035 -0.85 - - -
7337 0.41 -0.14 0.15 0.01 1.0 -051 0.49 0.0 -0.08 -0.08
8781 - - - - 1.2 -0.4 0.8 - - -

provided for the model atom. The NLTE correction of@ex detected in our former work on A stars (Holweger et al. 1999).
is in accordance with the findings of Gigas (1988). The most prominent star with narrow CallK absorptions is
B Pictoris. Its CallK profiles show redshifted narrow absorp-
5.10. Helium tion features with a _time d_ependency of_the order of weeks
T and months which is attributed to the infall of cometary-
For helium no NLTE calculations were carried out in the courdike objects which evaporate as they approach the stellar sur-
of this study. Leone & Lanzafame (1998) investigated the bice (see e.g. Lagrange-Henri et al. 1992). In addition about
haviour of several Hel lines — including two lines at 5876 80% of the 28 normal A stars and 18Bootis stars stud-
and 6678 A which were as well examined in this work ied by Holweger et al. (1999) show detectable CallK fea-
in a wide temperature range. Their comparison between thigires. The question arises as to whether these absorptions are
NLTE calculations and LTE models of various authors reveaf interstellar or rather otircunmstellar origin. As outlined in
that for spectral types between A0 and B3 equivalent widthtolweger et al. (1999) such features have only been found in
and thus LTE and NLTE abundances of these two lines aresitars withv sini > 80 kms™. This is true for the B stars dis-
concordance. Therefore in the case of the scrutinized He | limagssed in this work as well. Therefore a stellar property is cor-
LTE is a good approximation for the program stars. related with the occurrence of Call K feature which supports a
circunrstellar origin. Holweger & Rentzsch-Holm (1995) give
the following tentative interpretation: for stars with circumstel-
lar gas concentrated in a disk-like structure the column den-
In some cases we found narrow absorption features in ity of absorbing gas along the line of sight will be at its max-
CallK line and — after removing telluric lines — in NaD ofimum if the disk is viewed edge-on. Therefore circumstellar
two stars as well (see Table 8). They are similar to thosésorption lines should be detected preferably in objects with

6. Narrow absorptions in CallK
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Table 6.LTE and NLTE abundances. The NLTE corrections and abundances of Mg, Si and Ca are given with respect to the solar values.

HR [Mg/H] Aloge [Mg/H] [Si/H] Aloge [Si/H] [CaH] Aloge [CaH]
LTE NLTE LTE NLTE LTE NLTE
806 -0.09 -0.04 -0.13 0.02 -0.11 -0.09 -0.04 0.14 0.10
1070 -0.46 -0.1 -056 -0.26 -0.14 -0.40 -0.52 0.2 -0.32
1092 -0.08 -0.09 -0.17 0.2 -0.18 0.02 0.14 0.18 0.32
1214 -0.26 -0.11 -0.37 -0.18 0.27 0.09 -0.45 0.03 -0.42
1339 -0.4 -0.06 -0.46 0.04 -0.18 -0.14 0.16 0.15 0.31
1582 0.09 -0.07 0.02 -0.04 0.45 041 -057 -0.05 -0.62
1723 0.18 -0.04 0.14 0.02 -0.15 -0.13 -0.14 0.17 0.03
1728 -1.2 -003 -123 -0.37 -0.09 -0.46 -0.98 0.13 -0.85
1973  -0.52 -0.1 -0.62 -025 -0.10 -0.35 -0.69 0.17 -0.52
2056 0.31 -0.06 0.25 -0.03 0.36 0.33 0.01 -0.02 -0.01
2948 -0.72 -0.04 -0.76 -0.33 0.33 0.00 -0.08 -0.06 -0.14
3158 -08 -005 -0.85 -025 -0.12 -0.37 -0.68 0.13 -0.55
3439 -0.09 -0.05 -0.14 -021 -0.15 -0.36 -0.82 0.18 -0.64
3717  -0.19 0.07 -0.12 -0.48 0.41 -0.07 0.98 0.11 1.09

4116 -05 -0.05 -0.55 0.06 -0.18 -0.12 -0.32 0.17 -0.15
4119 0.00 -0.06 -0.06 0.02 0.29 0.31 0.52 0.09 0.61
4943 -05 -0.04 -054 -0.02 -0.12 -0.14 -0.4 0.17 -0.23
5501 -0.37 -0.07 -0.44 -0.09 -0.14 -0.23 -0.24 0.15 -0.09
5685 -1.3 -0.02 -1.32 1.0 -0.20 0.80 0.0 0.21 0.21

5994 -044 -005 -049 -0.07 -0.12 -0.19 -0.24 0.09 -0.15
6628 -0.02 -0.05 -0.07 -0.02 -0.24 -0.26 0.09 0.21 0.30
6633 0.07 -0.07 0.00 0.12 -0.24 -0.12 -0.17 0.17 0.00
6647 -036 -0.17 -0.53 -0.11 0.54 0.43 -0.19 -0.19 -0.38
6668 0.06 -0.07 -0.01 0.12 -0.25 -0.13 -0.53 0.17 -0.36
6878 -069 -0.08 -0.77 -0.26 -0.16 -0.42 -0.46 0.12 -0.34
7337 -024 -0.06 -0.30 -0.04 -021 -0.25 -0.62 0.17 -0.45
8781 -01 -0.07 -0.17 -0.13 -0.29 -0.42 -0.1 0.16 0.06

sini ~ 1. Hence the chance to find a star with narrow absorR 1723, HR 2056 and HR 4119, have abundances which are
tion linesandlow v sini is small. close to the solar values. For stars with deviations from solar
composition similar abundance patterns were as well found for

. . HR 3158, HR 4116, HR 4943 and HR 8781 and for HR 806,

7. Discussion HR 1070, HR 1092 and HR 1723. We illustrate these corre-

The results presented in Tables 5-7 reveal that the abundarf@i@ns in Fig. 2. All stars where both strontium and calcium
of the program stars are widely distributed. A closer inspectidyf"® analysed are overabundant in strontium and solar or un-

of the data shows some interesting correlations. derabundantin calcium. In fact, only one of these stars, namely
HR 6633, has a solar value of calcium. The values obtained for
7.1. Diffusion strontium reveal as well a correlation with the oxygen abun-

dances: while strontium is radiatively driven outwards oxygen

In some stars cool enough to show detectable strontium agis down. For strontium and magnesium the situation is sim-
barium lines, we detect NLTE overabundances of these gly: gl stars where magnesium is deficient show overabun-
ements. Most obviously, the fllision indicators barium and yances of the diusion indicator strontium. In contrast, neon
strontium are clearly overabundant in HR 1728, HR 1973,yhich is not an indicator of éiusion — shows a very small

HR 2948, HR 3439, HR 5501, HR 5994, HR 6633, HR 6668 ¢atter and illustrates the quality of the NLTE-analysis.

and HR 6878. Furthermore, some of these stars (HR 1973 and

HR 3439 as well as HR 6633 and HR 6668) show similar

abundance patterns which suggests that they can be ascribed’he anomalies detected in the program stars do not occur to
to the same physical process. In the widely acceptfdsion the same extent in all stars but show star-to-star variations. This
scenario (Michaud 1970; Michaud & Charland 1986) this irsuggests that a counterpart téfdsion may blur the abundance
dicates element separation byffdsion in their outer layers. anomalies. B-type stars are fast rotators. The rotation of a star
In addition to that the three other scrutinizedfa$ion indi- causes accelerations which lead to the mixing of the stellar en-
cators (oxygen, magnesium, and calcium) are deficient in thelope. The ability of stellar rotation to inhibitfective dtfu-
strontium and barium overabundant stars HR 1728, HR 19&8n processes was already mentioned in the fundamental pape!
HR 3439, and HR 6878. This strengthens th&udiion hypoth- by Michaud (1970). This so-callederidional mixingis well-

esis. Some program stars show abundance anomalies of thekdibwn to occur in A stars. Thefectivity of the mixing of the
fusion indicators to a lesser extent while other stars, namstgllar atmosphere increases with increasing rotational velocity.
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Table 7.LTE and NLTE abundances. The NLTE corrections and abundances of Fe, Sr and Ba are given with respect to the solar values.

HR [FeH] Aloge [FeH] [Sr/H] Aloge [SyH] [Ba/H] Aloge [Ba/H]
LTE NLTE LTE NLTE LTE NLTE
806 -0.01 -0.02 -0.03 - - - - - -
1070 -0.41 -0.02 -0.43 - - - - - -
1092 0.29 -0.08 0.21 - - - - - -
1214 0.07 -0.05 0.02 - - - - - -
1339 -0.42 -0.01 -0.43 - - - - - -
1582 0.04 -0.05 -0.01 - - - - - -
1723 0.09 -0.03 0.06 - - - - - -
1728 -0.44 0.00 -0.44 0.02 0.49 0.51 - - -
1973 0.54 -0.03 0.51 0.65 0.60 1.25 0.9 0.4 1.3
2056 -0.06 -0.04 -0.10 - -
2948 0.14 -0.04 0.10 2.26 0.26 2.52 - - -
3158 -0.51 -0.01 -0.52 - - - - - -
3439 1.39 -0.01 1.38 2.38 0.40 2.78 - - -
3717 -0.21 -0.06 -0.27 - - - - - -
4116 -0.51 -0.01 -0.52 - - - - - -
4119 0.19 -0.05 0.14 - - - - - -
4943 -0.21 -0.02 -0.23 -
5501 -0.26 -0.02 -0.28 -0.30 0.65 0.35 - - -
5685 - - -
5994 0.24 -0.02 0.22 0.60 0.55 1.15 - - -
6628 -0.26 -0.06 -0.32 - - - - - -
6633 0.34 -0.04 0.30 0.18 0.77 0.59 - - -
6647 0.14 -0.05 0.09 - - -
6668 0.29 -0.03 0.26 -0.07 0.77 0.70 - - -
6878 0.14 -0.03 0.11 0.40 0.60 1.00 - - -
7337 -0.31 -0.04 -0.35 - - - - - -
8781 -0.06 -0.04 -0.10 - - - - - -

Table 8.Equivalent widths of the detected narrow absorption featuregelocities above 125knT$ lead to an ective mixing of the
stellar envelope.

HR  Equivalent width [mA] Given our presented results we suggest that the variety of
CallK NaDi, diffusion-driven abundance patterns known from A stars con-
1070 9 - tinues to the temperature regime of late B stars and conclude
1092 121 300 241 that the abundance ar_lomalle_s dlscovered in some of th_e pro-
gram stars can be attributeddgfusion combined with merid-
1582 40 30 16 ] L
ional mixing
2056 13 e
4943 32 -

7.2. Weak stellar winds

Therefore in a certain sample of stars with abundance anortia-OB stars radiatively driven stellar winds are common
lies, we expect to find more pronounced deviations from tf@bbott 1980, 1982; Friend & Abbott 1986). It is well-known
normal values in slow rotators than in fast rotating stars. THiat these winds not only lead to substantial mass loss with
is nicely illustrated for the case afBootis stars in Holweger & rates up to~10"* Me/year (Maeder 1983) but alsdfect the
Rentzsch-Holm (1995). Their Fig. 13 shows the calcium abughemical composition of stars above B (Kilian 1992).
dances of thein Bootis stars investigated as a function of rota- The masses of early-type B stars are far above the masses
tional velocity. While stars with low rotation show conspicuousf the program stars but the objects investigated in this study
underabundances, the fast rotators approach solar values. are situated in a transition region between thiéudion domi-
Figure 3 shows the abundances of calcium as a functioated stellar surfaces and the wind driven atmospheres of hot
of vsini. Abundances of stars with rotational velocities beloB stars. In this temperature range the occurrenceesk stel-
100kms* show a large scatter while the scatter for fast rotéar windswith a mass-loss rate of 18-10"12 My/year is the-
tors @ sini > 100 kms?) is less pronounced. The abundancewetically predicted (Babel 1995). These winds may compete
of the two fastest rotators (HR 1092 and HR 5685) diiecceed  with diffusion processes and are expectedffeca the chemi-
with larger errors of 0.4 dex. Therefore the result obtained frocal composition of the stellar surface. Furthermore, these winds
Fig. 3 is in accordance with simulations carried out by Turcotfay an important role in the widely acceptedfdsion sce-
& Charbonneau (1993) which have shown that rotationaério: the abundance patterns of several stars whefigsitin
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Fig. 2. Correlations between NLTE abundances of various elements. In the lower right corner of the plots there is an error box representing
typical error of+£0.3 dex of our abundance analysis. Note the small scatter of neon abundances which is in sharp contrast to the scatter o

diffusion indicator calcium.

Ca vs vsini

15 —— T T T T T

[CalH]
o
[

15 | | | | | |

0 50 100 150 200 250 300
vsini

Fig. 3. The NLTE abundances of calcium as a function sihi.
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A stellar wind of the order of 13-10712 My/year would be

mild enough not to inhibit dfusion. Unfortunately, in con-
trast to the massive stellar winds of OB stdrere is no spec-
troscopic evidence for the existence of weak stellar winds to
date A theoretical attempt to detect weak stellar winds in the
temperature range of late B stars was proposed by Landstreet
et al. (1998). The basic idea is that abundant elements like car-
bon, oxygen, and neon which are not expected toffexted

by radiative acceleration may accumulate in the outer layers
of a mass-losing star and thus serve as trace elements for the
detection of weak stellar winds. The temperature range exam-
ined by Landstreet et al. (1998) is 8 080T < 15000K. In

view of these weak stellar winds investigations of two Ne | lines
at 6402 A and 6506 A were carried out in the course of this
study. Unfortunately neon is only observable for stars with
Ter > 11 500K. Nevertheless, the LTE results (Table 5) reveal
overabundances of Nel of up to5@8 dex in at least five pro-
gram stars. This would have been the first spectroscopic detec-

is efficient adopt in most cases the existence of a weak sté@n of weak stellar winds. Since Ne I is known to liteated by

lar wind to explain mild inconsistencies between theory ah@ge NLTE dfects, this result is suspect. In order to examine
observation (Alecian 1996; Hui-Bon Hoa & Alecian 1998)this in more detail NLTE #ects had to be taken into account.
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The neon model atom developed by Graf (2000) reveals thdit~10"14 My/year by using NLTE abundances as a diagnos-
the abundance corrections for neon are negative for all invesid- tool was negative. Thus mass loss rates must be below this
gated stars. This leads to essentially solar neon abundancdsrit. (4) Element separation processes seem to be common in
all stars within the error limits (Table 5). Therefore weak stelldate B stars. This constitutes a serious problem for using such
winds were not detected in the course of this study which sugjars for galactic abundance studies. (5) In five stars narrow
gests that if suchlike winds are present their intensity is belabsorptions in Call K have been found. They are rather of cir-
1071 Mo/year. cumstellar than of interstellar origin.
This is in accordance with the results obtained for oxy-

gen which is a tracer of these winds in cooler stars (Landstré§gnowledgementsive would like to express our gratitude to Dr. A.
et al. 1998). Moreover, this confirms the findings of Dworetsk{2ufer: Dr. G. A. Galazutdinoy, and Dr. F. A. Musaev for kindly pro-

. - iding the spectra. We thank E. Belyakova for performing the Non-
& Budaj (2000) who analysed neon in a sample of norm E calculations for Sr. We are arateful to the ref for heloful )
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