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Massive BA-type supergiants are among the visually brigghdtars in galaxies with active star
formation. As such they are versatile tools for studies efla@t and galactochemical evolution.
Moreover, they can act as distance indicators for the cldom of the cosmological distance
scale. In the present work abundance patterns of the ligimesits helium, carbon, nitrogen
and oxygen are investigated in several Galactic BA-typeesyipnts in the mass range between
8 and 18M,,. Based on high-resolution and high-S/N Echelle spectraiobdd with FOCES on
the Calar Alto 2.2m telescope, model atmosphere analysegesiformed using state-of-the-art
non-LTE spectrum synthesis. Stellar parameters and cla¢aditindances are determined with
high accuracy. This gives tight observational constragmighe evolutionary status of the stars.
Objects evolving from the main sequence to the red supdrgtage and those on a blue loop
can be distinguished by their mixing signature (pure rotatl vs. first dredge-up). The most
sensitive tracer of nuclear processed matter, the N/C, naiilicates a higher mixing efficiency
than predicted by current evolution models of rotatingssteith mass-loss.
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1. CNO-Abundances and the Evolution of Massive Stars

BA-type supergiants are among the visually brightest massive stars, ajltwvia mapping of
the spatial distribution of elemental abundances throughout galaxiesenedoite a determination
of abundance gradients. They can be versatile indicators for studitsdlaf and galactic evolution
as well as in the cosmological context. Comprehensive quantitative tialgirsg of BA-type
supergiants in the Milky Way is an essential step on the way to use this potential.

An introduction to current stellar evolution models of massive stars canuvelfo [4] or [1].
Stars on the main sequence (MS) — during the longest part of their lifen-hydirogen to helium
in their cores. For massive stars with their high core temperature andipgrdhe most efficient
process for this turns out to be the CNO-bi-cycle. While the actual elemant®rt, nitrogen
and oxygen only function as catalysts, meaning no net production or ézsssoduring a cycle,
their relative numbers change over the period of hydrogen burning r@ctiontN(p, )10 is a
bottleneck, because it is the slowest by far. The abundance of the siblgen isotope increases
while the abundances of the stable carbon and oxygen isotopes @gamithshe most abundant
oxygen isotopeé® being transformed more slowly in the minor NO-branch of the cycle.

Stellar spectra trace abundances only of the photospheric layersldnfor processed matter
to be recognisable, it has to travel the long way from the centre of the dtee tuter layers. Mas-
sive stars on the main sequence possess no convective envelope Bnthraling out convection
as transport mechanism. However, slower mixing mechanisms exist, like retadioced merid-
ional circulation or shear mixing (caused by differential rotation). Thificiency increases with
both rotational velocity and mass of the star and can also depend on thetimdigitestrength.

BA-type supergiants have already left the main sequence, their progebémg OB-stars.
Their envelope is still in radiative equilibrium, so that no major changes in thedance patterns
are expected during the short post-MS phase, should they have éditeetly from the MS. For
less-massive supergiants another scenario is possible, the so calldddplu&uch objects have
already reached the red supergiant stage, but eventually evolvénbaekblue supergiant. During
the red supergiant phase, their envelope has been fully convectivintamse mixing has taken
place (first dredge-up). This strengthens the signature of CNGepsed material in the photo-
sphere considerably, allowing to distinguish them from the other claspefgiants.

2. Observations and Quantitative Spectral Analysis

Quantitative spectroscopy with high precision is required to derive infooman the evo-
lutionary status of BA-type supergiants. On the observational side bigitition and high-S/N
spectra have been obtained using the Echelle spectrograph FOCESCatldiheAlto 2.2m tele-
scope. Therefore objects in the solar neighbourhood — preferaddgiated to open clusters — of
spectral types B5-A3 and luminosity classes Ib to la have been chosertleénto cover this part
of the HRD as completely as possible. To extract the abundance informationttie spectra,
they are compared to synthetic spectra using the fit routine FITPROFfk&® b description).
Previous quantitative analyses of Galactic BA-SGs are mostly based atasddiTE techniques,
which provide only limited accuracy. Recently, we introduced a NLTE spatsynthesis tech-
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Figure 1: Overview of the model calculation process

nique that allows for high-precision analyses of BA-SGF ([8]). NLTE+formation computations
are performed with DETAIL and SURFACE on the basis of hydrostatic liaeketed LTE model

atmospheres (ATLAS9) in plane-parallel geometry, see Fig. 1 for arvieve This method takes
new state-of-the-art model atoms for H , KHeCi/11, Ni/ui, O1 and Mgi/il into account, based
on accurate atomic data and modern line-broadening theories. This alloashighly accurate

determination of metal abundances with low statistical scatter (10-20 % omwthey&l) and leads

to highly consistent abundances for individual stafs ([9]) as welbasa farger sample of objects
(this work).

The stellar parameters are determined via line-profile fits to the Stark-breddg/drogen
Balmer and He lines, as well as ionization equilibria such as Mg for cooler stars and N1 for
hotter stars of the sample. The method is describef]by [8].

While neither of the criteria alone allows the unambiguous determination otigéidemper-
atureTe; and surface gravity log, a combination of them does. Problems may arise far Bs
stellar wind effects are neglected in our modelling, the effects being sbimghe most massive
and therefore most luminous supergiants.

High accuracy in the parameter determination is required in order to déremical abun-
dances with high precision. Not only abundantg,and logg influence the line strength, but also
the microturbulence and the helium content. After determining all these pararbgtiéeration we
can achieve accuracies in chemical abundances of better than 0. derdihg on the number of
available lines and the quality of the spectrum.
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Figure 2: Carbon abundances as a function of the nitrogen abundantieef@0 stars of the sample, where
loge(X) =log(Nx /N4) 4+ 12. They are compared to the mean vall&88-0.03 obtained by[[7] from carbon
abundances in 6 B-dwarfs and giants

3. Resultsand Conclusions

The abundance data for the 10 analysed BA-Type supergiants shosvisteresting results.
While magnesium and oxygen abundances show only a small scatter, Huwazkfrends for carbon
and in particular nitrogen become apparent (see[Fig. 2).

In combination with a precise determination of the stellar parameters the almendaaly-
sis allows comparisons with stellar evolution models. Apparently the N/C ratiogearerally
larger than predicted by theory, and significantly larger than constréiogdobservation before
([LA1,[L]: we have four objects in common with those studies). Morentestellar evolution com-
putations accounting for the interplay of rotation and magnetic fields, asiesdy [3], promise
to resolve these discrepancies as they show a much higher efficiendyefmical mixing. A pos-
sibly even better solution provide newer measurements dfiig, )10 cross section[([2]), that
reduce previous estimates of the reaction rate by a factor of 2. High N/G @to particularly
occur in regions where blue loops are predicted, implying that these obj@atsundergone the
first dredge-up (see Fi§] 3). However, the blue loops may need tocefuether to the blue than
predicted by the current models.
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Figure 3. Data for objects analysed in this work (coloured circle®) @@mpared to evolution tracks from
[E] for rotating stars{o; = 300km/s). The models start with a N/C ratio of 0.3 on the maiguence and
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B-dwarfs and giants fronﬂ[?], all analysed in a homogenoug wa

[4] A. Maeder, G. MeynetStellar evolution with rotation2000,ARA&A, 38, 143

[5] G. Meynet, A. MaederStellar evolution with rotation. X. Wolf-Rayet star popigas at solar
metallicity, 2003,A&A, 404, 975 fst r o- ph/ 0304069]

[6] R. Napiwotzki, P.J. Green, R.A. Saffék,Comparative Study of the Mass Distribution of
Extreme-Ultraviolet-selected White Dwarf999,ApJ 517, 399 &st r 0- ph/ 9901027]

[7] M.F. Nieva, N. PrzybillaC Il Abundances in Early-Type Stars: Solution to a Notoribiss-LTE
Problem 2006,ApJ, 639, L39 pst r o- ph/ 0602342]

[8] N. Przybilla, K. Butler, S.R. Becker, R.P. Kudritzkuantitative spectroscopy of BA-type
supergiants2006,A&A, 445, 1099 §st r o- ph/ 0509669]

[9] F. Schiller, N. PrzybillaQuantitative Spectroscopy of Den@®06,PoSNIC-1X)174

[10] K.A. Venn,CNO Abundances and the Evolutionary Status of Galacticypge Bupergiant{sl995,
ApJ 449, 839

[11] K.A. Venn, N. PrzybillaNew Nitrogen and Carbon in AF-supergian2)03,ASP Conf. Ser304, 20



