Extra line-broadening in O-type stars
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Abstract. Using original data and incorporating similar data from previous studies we
investigated the effect of extra line-broadening in the atmosphere of Galactic O-stars. Our
results suggest that if not taken into account, the extra broadening can lead to significant

overestimation of the measured vsini. The effect is not large (less than 30 km s™'), and
does not seem to depend on the luminosity class. In addition, our results suggest that the
extra line-broadening is coupled with the rotation although the latter does not seem to be
the only parameter which determines the value of the extra broadening.
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EdekTn HAa JOMBbIHUTETHO pa3lINpsABaHEe HA JIMHUUTE
B cunekrpute Ha O-3Be3gure

H.Mapxkosa, X.Mapxkos, I1. IIyic, C. Cumon-/ua3 A. Xepepo

W3mos3Baliky OpUrvMHAIHY JTaHHU W JTaHHU OT MPEIUITHUA W3CJIeIBAHUs, HUE CM€ W3CJIe/I-
Basu edexTuTe Ha paslupsABaHe Ha JuHuure B cuekrpure Ha O-3Be3gure or namara [a-
JIAKTUKA, IPEJU3BUKAHU OT IIPOLIECU PA3JIMYHU OT 3BE34HOTO Bbprene. Hammre pesynraru
[I0Ka3BaT, 4e aKo He O'bJaT IPABU/IHO OTYETEHH, Te3u epeKTu MoraT /1a J0BeJaT /10 3HAYM-
TEJIHO 3aBUIIABAHE HA OLEHKUTE 33 CKOPOCTHUTE HAa BbPTEHE OIpeesIeHN OT HADJIIOIeHUATA.
loste-mMuHaTa Ha JOMMBIHATETHOTO PA3IIUPIBAHE 3aBUCH OT CKOPOCTTA HA BhPTEHE, HO MOYKe
3 Ce JOIyCHE BJIMsIHWE OT CTpaHa W Ha JAPYTU (PU3MYECKU MapaMeTpu, Hampumep edex-
tuBHA Temueparypa. Edbekrbr ne e ronam (nmog 30 km st ) ¥ HE Ca HAMEPEHU JAHHU 33
3aBUCUMOCT HA FOJIEMHUHATA HA JOL'bJIHUTEJIHOTO PA3LIMPABAHE OT KJIACA CBETUMOCT.

1 Introduction

It has been known for a long time that the absorption line spectra of Galac-
tic OB supergiants are likely subject to a significant amount of extra line-
broadening in addition to stellar rotation (Conti & Ebbets [1977]; Penny [1996];
Howarth et al. [1997]). Extra line-broadening was initially suggested to be
caused by a photospheric velocity field with a length scale longer than the
mean free path of the photons, and subsequently referred to as ”macrotur-
bulence”. However, this interpretation was questioned by more recent results
which revealed that interpreted in terms of surface turbulent motion, the
extra broadening would require presence of highly supersonic speeds in pho-
tospheric regions that is difficult to interprete. An althernative explanation
in terms of stellar pulsation was suggested by Lucy [1976], and additionally
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worked out by Aerts et al. [2009]. For the case of B supergiants, observa-
tional evidence in support of this hypothesis has been recently reported by
Simén-Diaz et al. [2010]. Although the origin of the extra line-broadening is
so far unknown, its presence in the atmospheres of OB stars is important
and deserves special attention because it may have important implications
for our knowledge about the physics of these objects (Markova et al. [2011]).

While the properties of the extra broadening in B-type stars seem well
established (Dufton et al. [2006]; Hunter et al. [2008], [2009]; Markova &
Puls [2008]; Lefever et al. [2010]; Fraser et al. [2010]; Simén-Diaz et al. [2010],
Simén-Diaz [2011]), our knowledge about this phenomenon in the case of O-
stars is so far very limited (Simén-Diaz & Herrero [2007]; Simén-Diaz et
al. [2011]. Motivated by this situation, a project to investigate the properties
of rotational and extra line-broadening in the spectra of Galactic O-type
stars has been initiated in close collaboration with investigators from the
IAC, Spain and the LMU Munich, Germany.

In this contribution first results originating from the analysis of a limited
sample of 33 single O-type stars are presented. Detailed information about
this analysis will appear in a forecoming paper (Markova et al. [2011]).

2 Measurements and first results

For 23 of the sample stars, own estimates of the rotational and extra line-
broadening have been derived using new observations obtained with the
FEROS spectrograph (Kaufer et al. [1999]) at the ESO/MPG 2.2m tele-
scope in La Silla. For the rest, similar estimates from the studies of Najarro et
al. [2010] and Simén-Diaz et al. [2010] were adopted. Since the three datasets
have been derived applying same methodology and using spectra of similar
quality, we consider them consistent within the error.

The projected rotational velocities, vsini, of all sample stars are esti-
mated using the Fourier Transform (FT) method (viz. Gray [1976], see also
Simén-Diaz et al. [2006], for a recent application to OB stars), which has
been applied to the profiles of weak metal lines free of blends. The main ad-
ventage of the FT method is that it allows for the relative contributions of
rotaion and other broadening mechanisms to be distinguished and separately
evaluated.

To reveal if and to what extend the vsini of the sample stars are in-
fluenced by the effect of extra broadening, the values originating from the
FT approach, have been compared to similar data found in the literature
which do not take into account extra broadening (mainly from Penny [1996]
and Howarth et al. [1997], with individual data from Conti & Ebbets [1977]).
For six sample stars without literature estimates, own v sin¢ - measuremens
obtained by fitting observed profiles of strategic helium lines with synthetic
ones, calculated with the FASTWIND code (Puls et al. [2005]) and addition-
ally broadened to account for stellar rotation, have been used. From now on
we will refer to these data as to "fake” projected rotational velocities, and
will denote them as vsini (“fake”). Although derived by means of different
approaches, the adopted vsini (“fake”) were found to be consistent within
the error (for more details see Markova et al. [2011]).
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Fig.1. Comparison of wvsini - estimates which do not take into account extra line-
broadening, denoted as vsini (“fake”), with similar estimates originating from the FT

method, denoted as vsini (FT). Symbols: squares - supergiants; asterisks - giants, dia-
monds - dwarfs. The one-to-one correspondence is marked with a solid line. Dotted lines
limit the area corresponding to the 1o uncertainty (£8 %) adopted for the “fake” vsini.

The 30 km s~ " difference between vsini (“fake”) and vsini (FT) is marked with a dashed
line.

The obtained results, illustrated in Fig. 1, show that for the majority
of stars with low and intermediate projected rotational velocities (vsini <
200 km/s), the FT values are smaller than the corresponding “fake” values.
The differences are generally larger than the error budget of the “fake” vsini
(represented with dotted lines), and we ascribe them to the effect of extra line-
broadening. In contrast to earlier expectation (see, e.g., Howarth et al. [1997])
but in agreement with Simén-Diaz et al. [2011], our results suggest that not
only supergiants but also giants and dwarfs are affected by extra broadening.

For all sample stars, the magnitude of extra line-broadening, gy, has
been determined applying the goodness of fit method. The procedure was
as follows: for each star the vsini was fixed at the value determined from
the FT method, and by optimazing the agreement between observed and
synthetic metal lines the contribution of the extra broadening was evaluated
assuming a radial-tangential distribution of the magnitude of the velocity
field (Simén-Diaz et al. [2010]).

The obtained results are illustrated in Fig. 2, and show that:

i) all stars, even those for which the vsini (FT) are found to be similar
or larger than the corresponding vsini (“fake”), give evidence of sig-
nificant extra line-broadening. This finding, if confirmed by means of a
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Fig. 2. The magnitude of extra line-broadening (in km s™') as a function of vsini (FT)
(left panel), and of the ratio of vsini (FT) to vsini (“fake”) (right panel).

ii)

iii)

more elaborate analysis might imply that the effect of rotation and extra
line-broadening is not a simple convolution of the two contribution.

for the slow rotators (vsini <100 km s~!) large spread in the Opr at
same vsini (FT) is observed suggesting presence of third parameters
effects (e.g., dependence on effective temperature, stellar inclination, etc.);
for the faster rotating stars, on the other hand, an increasing trend of @
with vsini (FT) with a saturation at about 100 km s~! seems to present.

no evidence of a dependence of @rr on the luminosity class was found:
within the corresponding error, the mean @rr values derived by av-
eraging the data within the subsamples of the supergiants, giants and
dwarfs are practically same and equal 76+15 km s~!, 76+£15 km s,
and 71+16 km s™!, respectively.
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3 Conclusions

Our results suggest that extra line-broadening, if not taken into account, can
significantly affect the measured vsini of O-type stars leading to somewhat
larger values. The effect is not large: for the majority of stars the differences

do not exceed 30 km s™!, and does not seem to depend on the luminosity
class: dwarfs, giants and supergiants seem to be equally affected. In addi-
tion, our results suggest that in O-stars the rotational and the extra line-
broadenings are coupled in some way although the former does not seem to
be the only parameter which determines the value of ©ry . Also, we found
that the effect of rotation and extra broadening may not be a simple convo-
lution of the two contributions. However, note that all these results must be
qualified by stressing the relatively small sample of stars and the unknown
value of sini i.
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