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Abstract. In preparation for the COROT space mission, we determinetliidamental parameters (spectral type, temperature,
gravity, Vsini) of the Be stars observable by COROT in its seismology fidddsBe stars). We applied a careful and detailed
modeling of the stellar spectra, taking into account théingicaused by the envelope, as well as the gravitationdlesdmng

and stellar flattening due to rapid rotation. Evolutionagcks for fast rotators were used to derive stellar masskages. The
derived parameters will be used to select Be stars as seyotadgets (i.e. observed for 5 consecutive months) and-shor
targets of the COROT mission. Furthermore, we note that @ie part of our stellar sample is falling in the second halfhef
main sequence life time, and that in most cases the lumindsiss of Be stars is inaccurate in characterizing theilutiemary
status..

Key words. Stars: emission-line, Be — Stars: activity — Stars: fundataleparameters — Stars: statistics
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1. Introduction Classical Be stars are fast rotators. Statistical studies i
>

- deed suggest that their angular speed ranges from 60 to 100%
o\ 1.1. Be stars of the critical breakup velocity(.), with a narrow maximum

Q) ge stars are non-supergiant B stars that show or have sh@gfurrence at 80% (Chauville et al. 2p01) or at 90% when ac-
at one or another momentaemission [Jaschek et|4l. 1981)counting for fast rotationféects (Frémat et g. 2005) in order to
More generally, emission does not only occur in the first merilit the saturation of the lines’ FWHM at high rotation rate
bers of the Baimer line series, but can alfieet the continuum (Townsend et gf. 2004).
and line profiles of other atoms or ions, such as.Aeis gen- Although we know that the envelopes of classical Be stars
O erally agreed that, in classical Be stars, this emissioméstd are probably formed during episodes of strong mass ejection
I_the presence of a cool, disk-like circumstellar envelope- cothe precise origin of these ejections is still unknown ang ma
centrated in the equatorial plane. For a complete reviewef wdiffer from star to star. One of the currently most interesting
8 "Be phenomenon”and its characteristics, see Porter & Rigin explanations resides in the fast (non-critical) rotatiod ¢he
O ), beating of non-radial pulsation (NRP) modes combiningrthei
effects to cause matter expulsion. In the H-R diagram, early Be
Send offprint requests to: Y. Frémat, e-mailyves. fremat@oma.be  stars are indeed located at the lower border of the instabili
* Based on GAUDI, the data archive and access systefitip of the Cep stars, while mid and late Be stars are mixed

ngRtgﬁ_ g.rou.nd-b{a}zed G:Stslrosei?molqu pr?gran;met L(:EFtIQﬁth Slowly Pulsating B (SPB) stars. Short and long period pu
mission. The system is maintained a : . . -
(http7/ines. ladf.esa.eorof). LAEFF is part of the Space Scienc sations are therefore expected and confirmed in the majufrity

e : .
Division of INTA. Also based on OHP (Observatoire de HauteBe stars, if we except the late sub-classes. From the Hipparc

Provence, France), LNA (Laboratorio Nacional de Assioi, database(Hubert& Flogyjet 1998) it was shown that shont-ter
Brazil) and FEROS (ESO, 072.D-0315(A)) observations. At payarlab|I|ty is present in almost all early-Be stars (86%Miler

of the Tables and Figures described in this paper are alailal S€€ms to be less common in the cooler ones (40% to 18%
at the CDS (Centre de Données astronomiques de Strasbofiigm the mid to the latest spectral types). This fact, howeve
httpy/cdsweb.u-strasbg/fratgcats.html). could be due to the variability detection level of current in

86




2 Frémat et al.: Be stars in the field of COROT

strumentation, since the amplitude of pulsations in late- suTable 1. Sample of spectra used for this study. A complete
types of B stars is expected to be very small (a few mmaggrsion of the table is available at the CDS (hitmsweb.u-
Up to now, about hundred Be stars have already been clainsé@sbg.ffcatgcats.html). For the ELODIE spectra, the signal
as short-term periodic variables (hours, tens of hours}lagid to noise ratio (8\) was provided by the INTERTACOS (OHP)
number is still increasing. However, the detection of slhad reduction pipeline, while for the other data it was computed
long-term pulsations is flicult using ground-based observawith IRAF by selecting some parts of the continuum in the
tions even in the framework of multisite campaigns (e.g. tstudied spectral regiont”indicates that the spectrum is avail-
Musicos 98 campaign, s¢e Neiner gtlal. 2002). The predictiaible in GAUDI.

and the study of the coincidence between the beating of multi
periodic pulsations and the occurrence of mass-ejectidhdu

needs the determination of accurate periods and the dmexdti HD Obs. date Lp(s) Instrument N
the most complete sample of pulsation modes, which is not am2406 2004-02-05 900 FEROS 249
easy matter, even during multisite campaigns. Althoughtimul 43264 2001-11-27 3300 ELODIE 83
eriodicity has been detected in several Be stars (e.g. 66 Op 43285 2001-12-21 1800 ELODIE 123
Floquet et dl[2002), only one such coincidence case betweef783  2000-12-18 1500  ELODIE 121
beating and matter ejection has been reported until p@@e, ~ 49901 2004-01-03 2700 ~ AURELIE428563 120
Rivinius et al{1998). As a matter of fact, most of the prelgent 32222 ggg;_éi_gé 2288 Etggig 1‘23
known cases of pulsation in Be stars result from high-re&oiu 47054 2002-01-28 300 FERGS 145

spectroscopy. This technique is very powerful in identifyi
high-order pulsation modes, but not well adapted to resolve
closely spaced multiple periods. Photometry with COROT wil
therefore provide a much more superior observing tool to de-

tect new multiperiodic pulsators among Be stars. . _ _ .

In this framework, the COROT mission will provide us withnary analysis of as many bright (56V < 9.4) classical Be
5-months continuous observations of a substantial amduntSErs as possible in the observing cones of COROT. The posi-
Be stars. It will allow us to reach a never achieved precisi$i®n. spectral type and variability of these Be stars aréofac
in the determination of pulsation frequencies, furtheirgiws taken into account for the selection of the fields that wilbbe

the rotational modulation in Be stars. therefore need good stellar parameters with typical acitesa

of 10 % on the #&ective temperature ¢f), of 0.1 to 0.2 dex
o on the surface gravity (log), and of 5 to 10 % on the pro-
1.2. The COROT mission jected rotation velocity\(sini). To be valuable, the parameters

The COROT (COnvection, ROtation and planetary Transitgftermmat'o.n furtt_wer needs to account for. the pecuhaumat
satellité will be launched in August 2006 and has two goals: @ Be _stars, including thefiects of fast rotation, circumstellar
study the interior of stars by looking at their oscillaticarsl to emission, and departure from LT,E' )
search for extrasolar planets by detecting planetaryitsasee Most of the data used in this study are available on the
B30 [2002). Therefore four CCDs are used: two for tf@AUDI (Ground-based Asteroseismology Uniform Database
asteroseismology program and two for the exoplanetary pfterface) databasg (Solano effal. 4005) and are described i
gram. The asteroseismology CCDs are positioned on the §J§Ft|]2 In GAUDI, more specific informations, such as funda-
to observe simultaneously one (or sometimes two) brigm(Vmental stellar parameters .(surface g_rawty afielative temper-
5.5) primary target(s) plus eight or nine surrounding seeoy ature) and pro.jected rot.at|on velocities, can als_o be famt
targets with a magnitude 56V < 9.4. were automatically derived _from tr_le observatloqs. How,eyer
The 30 cm telescope of COROT will be pointed alternébese parameters were obtained without accounting fonereit

tively towards the galactic centre and anticentre. These tf"cumstellar emission nor fast rotatiofierts, which are gen-
r%Ily expected to féect the spectra of Be stars. The goal of

cones of observations, which have a radius of 10 degrees, , i i
e present work is therefore to reestimate tffedtive tem-

... A complete version of the table is available at the CDS

the pointing limits for the CCDs. The two asteroseismolo : . .
CCDs cover a field of view of 1.8 2.6 degrees. At least 5 suc erature (Ig), surface gravity (logg) and projected rotation

fields will be observed by COROT durings months each. velocity (Vsini) accounting, as far as possible, for the peculiar

Finally, short observing runs (20-30 days) will be perfOOLnenature o_f_Be stars, in order to _update the GAUDI database and
on specific targets so that the full target list covers as well (NuS facilitate the target selection for COROT.
possible the HR diagram. For the same reasons, this work also aims at identifying the
Bright Be stars can therefore be observed either as sSi&'S in our sample that could be considerepiaaticular, such
ondary targets of the asteroseismology program in long, rufiS Herbig stars or spectroscopic binaries with a_Be star com-
or as short runs targets. An international collaboratiahtg ponent. The model atmospheres we used are defined nﬂSept. 3,
A.-M. Hubert is preparing these observations. In this paper while the procedure we adopted to perform these determina-

present the procedure that was carried out to perform anpreliions is detailed in Sedff 4. Our results are listed in $fotith
remarks concerning several specific targets gathered mESec

1 httpy/corot.oamp.ft and discussed in Seé}. 7.
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2. Observations and density distributions. The surface chemical abundawee

In preparation for the COROT satellite observations, an a[?ﬂc_ieogtue: are those published|by Grevesse & Sajval (1998) for

bitious ground-based observing program was performed (P.I bi i he | introduced in th )
C. Catala, Observatoire de Paris). For each star with a ma _1al eDZ ISts the ions we Introduced in the (;omputatlons.
ept for Cu, the atomic models we used in this work

nitude between 5.6 and 8 located in the observing cones of q loaded f s h & maintained b
COROT satellite, at least one spectrum was obtained anetstof€'€ downloaded fromwusty’'s homepagemaintained by |.

in the GAUDI database. The sample of stars we are studyi'iéibeny and T. Lanz. @ was treated thanks to théoion

in the present paper is therefore a sub-sample of the con4_ L package developed Hy Varosi et gl. (1p95) and by adopt-

lation by [Solano et &L.[(20P5). It gathers the targets that d g the atomic data (oscillator strengths, energy levediyiro-
well known Be stars or that were recently identified as Besst pionization cross sections) selected from thesase database

Cunto et a)[ 1993). It reproduces the results obtaingd gy}Si
(Neiner et g[2005).
' ) 599 ).

The data were mainly obtained with two high-resolutioF
échelle spectrographs (R 40000 — 50000): ELODIE at the
ig;ﬁff;ﬁgiégg‘g S?ﬁgr\{aémrzn%e ZHZa;ttee'g;%\;elcseo(fo%%e 2. Atoms and ions treated in our computations assuming

: . .. ' S P LTE. The number of levels taken into account for each ion is
(La Silla, Chile). Additional observations were also ohtad also given
at the 1.9 meter telescope at SAAO (South Africa) with the '
GIRAFFE spectrograph, with the CORALIE spectrograph on
1.2 m Swiss telescope in La Silla (Chile), with the SARG Atom Ton Levels

(Spectrografo Alta Risoluzione Galileo) spectrographheg t

3.6m Telescopio Nazionale Galileo (TNG, La Palma, Spain) Hydrogen HHL &13:3::5+ 1 superievel
and with the Coudé spectrograph on the 2 meter telescope of  glium Her 24 levels
the Tautenburg observatory (Germany). Hen 20 levels

To complete the sample of Be stars in the observing Hem 1level
cones of COROT, additional spectra of Be stars with a mag- Carbon Cu 53 levels all individual levels
nitude between 8 and 9.4 were obtained: in Brazil, at the Cm  12levels
LNA (Laboratorio Nacional de Astrofisica, Observatrio do Cwv  9levels+ 4 superlevels
Pico dos Dias) with the Cassegrain spectrograph (OPD CASS) Cv  llevel
attached to the 1.6 m Boller & Chivens telescope and us-  \itrogen N1 13 levels
ing the 900 linesnm grating (R~ 7000); in France, at the mﬁl ii :gg:? 14 superlevels
OHP (Observatoire de Haute-Provence) with AURELIE (1.52- N 1v 1 level
m telescope) at medium resolution {RL5000 with the grating Oxygen o 14 levels+ 8 superlevels
N°2, A1 = 220 A) and lower resolution (R 7000 with the On 36 levels+ 12 superlevels
grating N°3, A1 = 440 A); and in Chile with FEROS (ESO) on Om  9levels
Brazilian time. Ow 1 level

In principle, the sample of studied stars contains all Bessta Magnesium Mgr 21 levels+ 4 superlevels
in the observing cones of COROT with the adequate magnitude Mgm 1 level

(5.6 <V < 9.4). The target list was compiled using SIMBAD

and adding newly discovered Be stars from Neinerlet al. (R005

However, known SB2 with a Be star component and interacting Model atmospheres withiective temperatures lower than
Be binaries were rejected from the list of possible Be targel5000 K were treated assuming full LTE, while those hotter
A few faint Be stars are also not studied in this paper becadbén 27000 K were taken from the OSTAR2002 NLTE grid
no spectra were obtained due to bad weather conditions. A@anz & Huben)[2003). The grid of fluxes we use during the
consequence, the sample of studied Be stars is not compl&t#ng procedure (Seck. 4.1) was finally built wishinspec and

but no systematic bias is expected. In particular, the sesripl for effective temperatures and surface gravities ranging from
the centre and anticenter direction are equivalent. 8000 to 50000 K and from 2.5 to 4.5 dex (cgs) respectively.

3. Model atmospheres and flux grids
4. Adopted procedure

The plane-parallel atmosphere models we used fi@ctve
temperatures ranging from 15000 K to 27000 K were com© take into account the main phenomena expectediezta
puted in two consecutive steps. To account in the msttve the spectra of Be stars, the determination of their fundaahen
way for line-blanketing, the temperature structure of ttneea Parameters was carried out in three consecutive steps,ofach
spheres was computed py Kurlifz (1993) using the ATLA%gem being described in the following sections and sumraeiriz
FORTRAN program. Non-LTE level populations were thelf! Fig. 2.

calculated for each of the atoms we considered usingry

(Hubeny & Lank[1995) and keeping fixed the temperature httpy/tiusty.gsfc.nasa.gov
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2.0

Table 3. Theoretical equivalent widths of the main spectral
HD 184279 ®

lines found in the considered spectral region and for variou
spectral types. Computations are made using plane-paralle

He 14471

model atmospheres (Sect. 3)fé&ctive temperatures and spec-

< tral types are taken frofn Gray & Corbally (1994).
s
z
(ic; Equivalent width (mA)
3 lon (A BOV B2V B5V B8V
] 29000 K 19500 K 14000 K 11550 K
Her 4009 334 613 217 48
Her 4026 908 1541 878 542
Hi 4102 3869 6452 9358 11475
e N Her 4121 450 251 82 32
- Mg Il 4481 Her 4144 443 765 322 120
- Her 4169 88 91 32 5
05 e o osois ] Cn 4267 215 270 97 49
. * H1 4340 3724 6368 9552 12032
< 04 - Her 4388 537 950 378 220
% I Her 4471 1087 1442 667 345
E [ * ] Mgn 4481 122 198 272 318
S 03[ e HD.184279 .
g
3
g 02} ]
which we transposed to a FORTRAN computer code named
cirrir, and which allows to deal with large datasetgrit in-
01p o | terpolates the spectra in a grid of stellar fluxes computek wi
S S S S C plane-parallel model atmospheres (see @ct. 3) fiberdnt
11000 16000 21000 26000 31000 values of the ffective temperature and of the surface grav-

ity. To account for the instrumental resolution and the Depp
broadening due to rotation, the spectra are then convolitad w
Fig. 1. Computed (curves) and observed (filled circles) equig- Gaussian function using subroutines taken fromribexs

alent widths for the He 4471 (upper panel) and Mg4481 computer code provided witivnseec (Hubeny & Lani{1995).
(lower panel) spectral lines are shown. The surface gravityiring the fitting procedure, 5 free parameters are consttier
adopted in the calculations is noted on each curve.uMghe dfective temperatur€y, the surface gravity log, the pro-
4481 has a very weak luminosity-dependence, for clarity vigcted rotation velocitysini, the radial velocity,,q and the
therefore plotted only the theoretical line correspondiag wavelength-independentratio between the mean "flux” lefrel

log g = 4.0. Computations are made using plane-parallel modgé normalized observed and theoretical spectra, i.e.lmgca
atmospheres (Sect. 3). factor allowing to match the stellar continuum. Tfeparame-

ter is computed on ¢tierent spectral zones chosen from 4000 to
4500 A. These zones are selected in order to exclude any part
of the spectrum that could bé&facted by line emission or shell
Hydrogen, helium and Mg lines are generally assumed to b@bsorption (e.g. hydrogen line coresjamd by interstellar ab-
good temperature and gravity indicators for the study ofjet sorption bands (generally found between 4400 and 4450 A). As
stars. Fig[JL shows the variation of the equivalent width corthe parameters derived in this way do not take into accoent th
puted for the He 4471 and Mar 4481 spectral lines with ef- effects of stellar flattening and gravitational darkening due t
fective temperature and surface gravity. Theffetient broad- fast rotation, they will be further calleapparent fundamental
ening mechanisms and transition probabilities furthes@né parameters and correspond to what is obtained when assuming
the advantage to have been studied with great detail forg Idhat the star is a sphere with uniform temperature and densit
time, allowing accurate line profile computations. In oup-pr surface distributions.

cedure, we therefore mainly focus on a spectral domain rang-

ing from 4000 to 4500 A (see line-identification and com, .
puted equivalent widths in TabJ¢ 3), which gathers no leas th4'2' veiling caused by the envelope

two hydrogen lines, 5 strong helium lines and 2 blendediMdThe spectra of Be stars are not onfjegted by line-emission,
lines. Observations obtained in this region, and for each@f but they are also proportionallyffacted by continuum emis-
considered Be stars, are compared to a grid of synthetic spgion and electron scattering, which change the stellaricont
tra (see Steps 1 and 2 of F@. 2). Fafi@ency reasons, this uum level. When significant, emissioryand scattering cause
comparison is performed by means of a least squares methodartificial weakening of the spectral line intensity geigr
based on themurr minimization package developed at CERNligading to underestimation of th&ective temperature and of

Effective temperature (K)

4.1. Apparent fundamental parameters determination
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T T I T T T T |
Stepl — Teff = 19882 K : Leg g = 3.34 : V sin 1 40 km/s

Normalized Flux

| | 1 | 1 ] | 1 1 | | | 1 | 1 | | 1 ] |
0.6
4100 4200 4300 4400 4500

Wavelength (&)

Fig. 2. Description of the three-steps procedure adopted to déreveundamental paramete&ep 1. Fit of the observed spec-
trum (crosses) with synthetic spectra (solid line), igngrcontinuum veiling and second order fast-rotatiffie@s. Subtracting
the observed i line-profile from the synthetic one allows us to estimate riregnitude of the circumstellar emission (panel
a). Step 2: Observations are corrected for veiling and fitted ag8iep 3: The fundamental parameters derived in step 2 are
corrected to account for fast rotatiofiexts with a new fit a€/Q.=0.99.

the surface gravity in B-type stats. Ballereau etfal. (1388} locity. It is expected that a fast and solid-body-type riotat
mated the magnitude of this veiling by studying hydrogen affidttens the star, causing a gravitational darkening of tae s
helium lines and proposed an empirical approach to cornect tar surface due to the variation of the temperature and den-
stellar spectra from itsfiects. They mainly introduce a correcsity distribution from the poles to the equator. For Be stars
tion term, r, which they found directly proportional to tméén- we therefore have to account for thedéeets on the stellar
sity or to the equivalent width of thejHine-emission W(Hy) spectra and, consequently, on the determination of theafund
(see Step 1 of Fig[l 2). mental parameters. In the present paper, thffeete are intro-

To measure the magnitude of the Emission, the synthetic duced as corrections (see Step 3 of ffjg. 2) directly apptied t
Hy profile obtained from a first fit of the fundamental paramédbe fundamental parameters derived in the two previousstep
ters was subtracted from the observations (see[Fig. 2). @he(©ect[4]1 an{l4.2). These corrections were estimated bynass
sult was wavelength-integrated in order to obtaig(M#), and ing different rotation rates and by systematically comparing a
to interpolate the r value from Fig. 9alin Ballereau ¢t[al9@)p grid of spectra taking into account th&exts of fast rotation
When greater than zero, this correction was directly aggte (Erémat et dl{ 2004; Frémat et|al. 2p05) to a grid of spectra
the observations (see Eq. 1 in_Ballereau ¢{ al. [1995), whigfmputed using usual plane-parallel model atmospheres (se

were finally used to re-derive the fundamental parameters ($€ct.[B). Eventually, the complete procedure provides ts wi
Sect[4]). the parameters of the stellparent non-rotating counterpart

(i.e. parameters that the stars would have if they were rota-

tionless), further calleg@nrc parameters, estimated atférent
4.3. Gravitational darkening and stellar flattening Q/Q¢ values. Itis the value of thegarc parameters that should

be preferred to interpret and discuss the future COROT data.

As mentioned in the introduction, Be stars are fast rotatatts
angular velocities probably around 90% of their breakup ve-
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Fig. 3. Comparison between observed data (crosses) and fittedesigrghectra (full line) in a spectral domain containingribe
wing of the Hy line and 2 neutral helium lines. Dotted lines are used toasamnt 26 spectra computed foffdrent combinations
(i.e. there are in fact®spectra or stellar parameters combinations, but one of tmerasponds to the best fit we obtained) of the

upper and lower limits of the gk, log g, andVsini values adopting the error bars given in Taﬂ
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Spectral Type

Fig. 4. Veiling corrected apparentfective temperatures listed
are reported versus their spectral type given
SIMBAD (filled circles) and compared to the calibration ob,

in Table[}#

le 4.

5. Results

The procedure described in Sect. 3 was applied to the sarhple o
selected Be stars (Talfle 1). We show in fig. 3 an example of ob-
served and fitted-synthetic spectra limited to a small pitre
considered spectral domain. A more complete comparisen per
formed for all the studied stars is available as a postsfikipt
which can be downloaded from the CDS. In the same figure, we
also plotted with dotted lines 26 synthetic spectra conpfde
different combinations (i.e 33pectra or combinations, one of
them corresponding to the best fit we obtained) of the upper
and lower limits of the Ty, log g, andVsini values adopting
the error bars given in Tabf 4.

We plot in Fig.|}1 the apparent value of thffextive tem-
perature we derived against the spectral type availablaean t
SIMBAD database. This enables us to compare our determi-
nations with older measurements and to detect any inconsis-
t'éhcy (i.e. HD 51404 and HD 184479). Such a comparison is

useful since, as far as the hydrogen and neutral helium lines

tained by[Gray & Corbally{(1994) for dwarf stars (dashed)ljneare considered, the apparent stellar parameters charadtes

spectrum fairly well (e.g. see Fig. 9 in Fremat gf al. 200%) a
can therefore be directly related to the spectral type gimen
SIMBAD. Taking into account the fact that our sample also in-
cludes stars that have luminosity classes generally rgrigim
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Il to V, the distribution of points fairly follows the féective 1l T T
temperature calibration proposed [oy Gray & Corbdlly (1994) -

for dwarf stars (dashed line in Fiﬂ. 4). Talple 4 gathers the de =
rived apparent fundamental parameters: cols. 1 and 2 fgenti £ 1.0
the target; cols. 3 and 4 respectively give the V magnitude an &
spectral type extracted from the SIMBAD database; cols. 5, %

6, 7 and 8 list the @ective temperature ¢f), surface gravity © 0.9
(log g), projected rotation velocityMsini) and spectral type N

we obtained; values found in cols. 9 and 10 are estimategof th =

Hy line-emission and continuum veiling due to the presence of 0.8
the circumstellar envelope; col. 10 summarizes previous fu 2
damental parameter determinations. The spectral type wee gi

in col. 8 is an estimate based on the fundamental parameter T

combined to the & and log g calibrations proposed by Gray 4450 wavel Aéﬁg?h (A) 4500

& Corbally (199%) and by Zorg¢ (19B6). Note that, at this etag

our results do not account for stellar flattening and gréieital  Fig. 5. Observed (dots) and fitted (solid line) H4471 and
darkening, but only for veiling. The derived stellar paramé/lgn 4481 lines in the spectrum of HD 55806.

ters may therefore be considered as veiling-correappdrent

values. We computed the luminosity of each target combining

these apparentef and log g determinations to the theoreti-features superimposed on the photospheric lines. Therdieter
cal evolutionary tracks qf Schaller ef gl. (1P92;@02). Their nation of fundamental parameters from the fit of the spectrum

position in the HR diagram is plotted in Fiﬂ. 8a. Luminositys therefore very dficult and could be inaccurate.
accuracy is estimated from thegTand log g error-boxes.

The magnitude of the uncertainty introduced by the fast-
rotation dfects was estimated by applying the approach g4 HD 51404

tailed in SECtS_ (see algo Frémat ¢ 00,5) and by 888U 51404 is a poorly studied object recognized as Be star by
differentQ/<Q ratios (where2 andQ respectively are the ac-jreriiTg Burwell](1949) and erroneously classified as a B9 V
tual and break-up angular velocities). Rotation corre@®d ¢ Our determinations clearly show that its spectra tigo

damental parameter8;, 10ggo andVsinie), i-e. pArc pa- g1 5 a5 can be deduced from Fy. 4 and from the strength of
rameters, and corresponding inclination angleare given in na Hey spectral lines.

Table[$ forQ/Q; = 0.8, 0.9, 0.95, and 0.99.

n 6.5. HD 52721
6. Remarks about specific targets

HD 52721 is also known as a Herbig /8= candidate (Vieira
6.1. HD 43264 et al.|200B) and is a member of a visual double system with an-

The Be nature of HD 43264 was first noted [by Neiner gt ég_glar separatior 0.65 arcsed (Perryman efjal. 1_997)_. Thougha
)' However, the surface gravity we derive from the ystutfia'r agreement beFW.een observed and theoretical f|ttedrspec
of the hydrogen and helium lines is quite low (Igg= 2.76), IS Observed, th&/sini value we derive (352 km$) strongly
which means that the target could be a bright giant. The sigviates from those obtained in previous works: 2433

is known as a binary in the HIPPARCOS catalogue, probaidfj s "(¥udil200}) and 456 km3(Halbedd[ 1996).

SB1 considering the magnituddidirence between the primary

and secondary componentsf = Va — Vs = -2.85). 6.6. HD 55806

HD 55806 is a poorly studied B type star that was found to have
6.2. HD 46380, HD 50087 bright emission lines by Merrill & Burwell[(1949). We were
The observed spectra we used to derive the fundamental p@table to find any set of fundamental parameters allowing to
rameters of HD 46380 and HD 50087 are very noisy, and thsigultaneously fit the observed helium and magnesium sglectr
the parameters are uncertain. lines (see Fig|]5). As a matter of fact, all the helium lines in
the studied spectral range show unusual line-shapes gdyobab
related to the presence of a close companion.

6.3. HD 50138

HD 50138 has a variable shell and is also considered as a Bée} HD 178479

star, whose evolutionary status is veryfidult to establish.

Several hints[(Lamers et[dl. 1998) suggest that the stadco@inly two publications are found in SIMBAD for HD 178479,
probably be a massive Herbig Be star with an accreting ciwhich is classified B9 V. The strength of the Hapectral lines
cumstellar disk, i.e. in a pre-main sequence. The spectsunis however much too large for a late B-type star and rather cor
very complex with strong emission lines and thin absorptioesponds to a B3 star (see Fﬂg 4).
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Table 4. Veiling corrected apparent stellar parameters. ID numi8MBAD V magnitudes and spectral types are given for each
targetin cols. 1, 2, 3 and 4. The derived stellar parametfiecfive temperature, surface gravity, anglni) are gathered in cols.

5, 6 and 7. Their accuracy is estimated by scanning the sokiipace while adoptingftirent initial values for the parameters.
Spectral types (col. 8) are derived from the apparent steleameters combined to thggTand log g calibrations proposed by
Gray & Corbally (199k) and bj Zoref (1986). Cols. 9 and 10tli&t equivalent width of the {lemission components and the
estimates of the veiling correction, respectively. Th@ebars on the equivalent widths are generally of the ordd586 and
are a product of the fitting process. Errors on the veilingpaater, r, are estimated by accounting for the accuracy?haNd

by assuming a 95% confidence interval on the reference dfgallereau et . (Fig. 94, 1995).

ID SIMBAD This work
HD/BD HIP/BD/ \% Sp. Type T log g Vsini  Sp. Type V\Z17 r
MWC (K) (c.g.s.) (km s?) (mA)
42406 29298 8.01 B9 15480000 3.720.10 30@25 B4V 0.30:0.05 -
43264 29719 7.51 B9 1050000 2.760.10 28810 B9l 0.22:0.03 -
43285 29728 6.05 B6Ve 14080000 3.780.10 26@20 B5IV 0.22:0.03 -
44783 30448 6.225 B8Vn 110@@000 3.0%0.15 22650 B9l 0.10:0.02 -
45901 30992 8.87 B2Ve 265680000 3.730.15 16415 BOS5SIV  0.820.12 0.1240.08

... A complete version of the table is available at the CDS

Table 5. Sample of fundamental parameters corrected for ffeces of fast rotation at @erentQ/Q, ratios. Error bars on

the parameters are of the same order as in '@ble 4. When tleetgabrotation velocity is greater than the break-up speed
equatorial speed, the Table is left blank.

Q/Q.=0.80 Q/Q.=0.90 Q/Q.=0.95 Q/Q.=0.99
HD T loggs Vsinigyei T logge Vsiniyei T logge Vsiniyuel T logge Vsiniyuel
(K) (cgs) (kmsh) () (K) (cgs) (kmsh) () (K) (cgs) (kmsh) () (K) (cgs) (kms?) (9
42406 16500 3.96 338 61 17000 3.97 360 79
43264 12000 3.16 284 79

43285 15000 4.03 266 71 15000 3.99 274 55 15000 3.95 292 51 01833 309 58
44783 12000 3.37 226 93 12000 3.40 227 80 11500 3.13 231 82 01331 218 57
45901 27000 3.78 171 31 27000 3.79 173 26 27500 3.84 175 24 0203B 174 21
... A complete version of the table is available at the CDS

6.8. HD 179343 7. Discussion

7.1. Effects of veiling correction
Thin features superimposed on broader spectral lines are de . o .
tected in the spectra of HD179343, which is considered as a%% s_ta_lrs showing strong)l-_bm|35|on were corrected using an
shell star. It is however interesting to note that it is alsowkn empirical approach described by Ballereau ¢t[al. (1995 (se

as a "single-entry” binary in the HIPPARCOS catalogue Witﬁect). Including such veiling corrections in the chltions

AV = 0.481. The shell features could therefore be an artifact%fiIen produces a lowering of the observed continuum and, con

sequently, a spectral line strengthening. From this proeed
the secondary component, different T¢ and higher logg values are generally obtained,
which leads, in the HR diagram, to pull the location of the Be
stars towards the ZAMS (see F[g. 6).

6.9. HD 184279
7.2. Effects of fast rotation

HD 184279 is an early B-type star showing numerous vain our sample, thefeects of fast rotation onféective temper-
able shell absorptions superimposed on the photosphexis s@ture, surface gravity and projected rotation velocity gea-
trum (Ballereau & Chauvilld 19B9), as can be noticed fromrally significant wherVsini > 150 km s'. As expected, ac-
Fig. |] where the equivalent widths of the H&471 and Mgt counting for these féects provides higher values of thparc
4481 lines are clearly overestimated. Since these featueesfundamental parameters (e.g. averatgni in Table |}). We
also dfecting the helium lines (i.e. our main temperature arfdrther note from TabIE|5 that, f@2/Q¢> 0.8 and if we except
Vsini criteria), the fitting zones were adapted to exclude thésini e, the pnrc stellar parameters generally do not vary sig-
features as well as possible. nificantly with Q/Q.. This is mainly due to the fact that, at a
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Fig. 7. Histogram showing the changes in spectral type and luntingkiss distribution when including thefects of stellar
flattening and gravitational darkeningpparent spectral types and luminosity classes are representedfiligith bars, while
other bars give the corrected ones adopfdi§.= 0.80, 0.90, 0.99.

Table 6. AverageVsini in km s computed assuming fiir-

= 20 Mg, . :
L S entQ/Q. towards the Galactic centre and anticentre. For each
5 15 Mg, value ofQ/Q, only a certain number of stars (given in brack-
I = o 7 ets) have a reasonable model (see TEbIe 5) and could be used
—_ o 1 in the computation.
S r o © 9 Mgy;n -
n [ ]
Jar e &
= * m Anticentre Centre
2 ° 0 ° 0 1 Q/Q¢ B9-BO B9-BO
— r 4
I %o o ——— Moun]| 080 22165 (27) 18875 (27)
3+ o ﬁ\ 0.90 23&75(29) 21679 (30)
I o ® ° i 0.95 25184 (31) 22382 (30)
L 3 Mgy 0.99 26@92(32) 23384 (31)
2 L v b b e e L L ]
45 44 43 42 41 40 39

Log (Teq)

treating fast rotation féects, uncertainties on the actual value
Fig. 6. Location of Be stars showing the strongegtémission of the angular velocity are not expected to carry too higbrerr
in the HR dlagram with (flllgd circles) and W|t_hout (operj Cirpn the estimate of thenre TS, and logg, parameters.
cles) accounting for the veilingfects. Theoretical evolution-  £.o Fig.fy, we see that thefects of fast rotation also
ary tracks are taken from Schaller ef 4. (1992) for a sdkar-| appear on the targets spectral type and luminosity class. As
metallicity. already mentioned b} Briot & Zored (1994), the top of the

spectral type distribution of Be stars is centered on B¢t

of B2) when gravitational darkening and stellar flattening a
fixed Vsini value, the increase @/Q. leads to smaller incli- taken into account. It is worth recalling, that the lumirtgsi
nations and, consequently, leads to explore regions oftéte sclass of Be stars are even more sensitive to thifeets, which
lar surface that are lesdfacted by the flattening of the starshift the targets toward lower luminosities when they are in
Since a recent study (Frémat e}[al. 2005) showed that Be st@uded in the computations. In view of these results, angrkee
are found to rotate, on average (tQ.~ 0.88 when properly ing in mind that the veiling £ect makes this situation even
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Fig. 8. Panel a): Location of the Be stars (filled circles) in the HRgidlam adopting the veiling-corrected apparent stellaampar
eters of Tabl¢]4. Theoretical evolutionary tracks (lines)taken fronf Schaller etla[. (1992) and adapted followingomgdure

T

given by[Zorec et 4l.[(20(5). Panels b), c) and d): LocatiothefBe stars (filled circles) in the HR diagram accounting for
gravitational darkeningféects and assumin@/Q. = 0.80, 0.90, and 0.99, respectively. Theoretical evolutiaoks (lines) take
into account the fects of fast rotation as described|by Meynet & Maggler (POD®. effective temperature and the luminosity
reported in the figures are therefore surface-averageditjaar@TableI]).

Table 7. Sample of theonr ¢ surfaceaveraged parameters and of the respective interpolated madgbk,, agesr, and fractional
agesr/tus. When the projected rotation velocity was greater than tie@aleup speed or than the equatorial speed, the Table
were left blank.

HD TegSurt log g™ logL/Lg surt M/M age (years) T/Tms
| 0/Q. = 0.80 |

42406

43264

43285 1450@1100 4.020.17 2.69 0.09 4.6@0.30 6.6B07+2.06+07 0.4%0.13
44783 1150@1100 3.330.21 2.94 0.12 43¢ 0.30 1.78-08+1.5E+07 1.02 0.03
45901 260082300 3.740.21 443 0.13 13.661.30 1.2E07+2.0E+06 0.75 0.10
46380 230021100 3.880.14 3.94 0.12 10.060.60 1.7E07+2.6E+06 0.62 0.09
46484 2700@1000 3.64-0.13 465014 15.76¢1.30 1.1B07+6.0E+05 0.8(:0.04
47054  1250@ 800 3.580.15 2.8%0.12 4.6@0.20 1.3608+1.1E+07 0.9k 0.05
47160 1150@ 600 3.740.11 2.4% 0.08 3.6 0.10 2.1E08+1.7BE+07 0.79% 0.05
47359

49330 260021700 3.840.17 43012 12.8&¢1.00 1.2E07+1.9E+06 0.69% 0.10

... A complete version of the table is available at the CDS

worse, it seems that luminosity classes are very inaccimate/.3. Evolutionary status of Be stars
characterizing the evolutionary status of Be stars.

The knowledge of whether the Be phenomenon is an innate
property of the stars or whether it depends on stellar eiaiut

is a matter of great interest to better understand the greeis
ture of Be stars and its potential link with asteroseismgldg
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recent study (Zorec et al. 2005) performed on a large samj ' ' ' too ' ' '

of field Be stars (i.e. 97 Be stars) uniformly spread over tt L . 1
whole sequence of B type stars showed that the appearanc #*‘E *

the Be phenomenon for the lower mass stars generally occ ++ ++ 4 7;**

during the second half of the main sequence life timgs], - + |

but that it appears earlier at greater stellar masses. kr ¢od o

see if there is such a trend in our sample of Be stars, we ders | + + i: 1
their masses, ages and luminosity using an interpolatiooepr '

dure developed by Zorec et al. (2005), which accounts for tl + H% -
changes introduced by fast rotation in the evolutionargksa - 5 1700 + D 174571

(Heger & Langlg [ 2000; Meynet & Maeder 2000, 2002; Maedt e A

& Meynet|2001L). Since these modeled evolutionary tracks a oL P |
given in terms of surfacaveraged effective temperatures and e T e
bolometric luminosities, we transformed tparc parameters 2 4 6 b e (e W 120

into surfaceaveraged ones using the angular velocity ratios

Q/Q = 0.80, 0.90, and 0.99. Thenrc surfaceaveraged pa- Fig.9. 7/7us ratios of the program Be stars as a function of
rameters and the respective interpolated malsd4,, agesr, Stellar mass (see Tatﬂb 7). The ratios and masses are campute
and fractional ages/Tus are given in Tabl¢]7. Fid] 8a showsfor ©/Qc = 0.90, which corresponds to the expected average
the HR diagram of the program stars depicted by the veilingogular velocity of Be stars.

correctedapparent T and logL /L, values and evolutionary

tracks for non-rotating starf (Schaller ef[al. 1992). Fiy &, ) . .
and[Bd show the HR diagram of the program stars in terms%%‘ﬁﬁ%é’ﬁé?mk that thisfiect can be hardly related to some

surfaceaveraged fundamental parameters assuming the stat h i lude th ith |
rotate atQ/Q. = 0.80, 0.90, and 0.99 respectively. The cor- Furthermore, if we exclude the targets with loyNSspec-

responding evolutionary tracks (Fig. §b, 8c, §hd 8d) wete CH%' 5 stars (HD 50868, HD 51404, HD 52721, HD 174571, BD
culated for the ZAMS equatorial rotation velocit = 300 -9°4858) are obviously much younger than the rest of the sam-

km s1. Note thatQ/Qc = 0.90 represents the average angul&I€ (Fig.@) and might be considered as HerbigBcandi-
velocity rate of galactic field Be stars (Frémat et al. 2006) dates, as is already the case for HD 174471 (Vieira] ¢t al]2003

must also be noted that if a star starts its evolution on thig13A
as a rigid rotator with a rotation velocity,, as a consequencez 4. Be stars as COROT targets

of the initial angular momentum redistribution, the sudfae- ]
locity decreases somewhat in a lapse of time ranging from 1f{§!ds to be observed with COROT have already been pre-

2% (Denissenkov et Hl. 1999) of the steltafs. Since, on one selected based on the parameters of_the potential targalis. O
hand, we do not know the actual initial velocity of the samp@e stars located in these fields can still be chosen as segonda
stars on the ZAMS and, on the other hand, dwarf Be stars h&@€gets and would then be observed for about 5 consecutive
a very flat distribution of their equatorial true rotationaloc- Months. Tabl¢]8 summarizes these Be stars that are carwlidate
ities versus the spectral type arouvid~ 300 km st (vudi] 2aS secondary targets. Whether all these fields will be obderv

P001:[Zorec et 3f. 2004, Fig. 1b), the comparisons done abd_Y)éh COROT vv_iII depend on the length of th_e mission; at Ieast
with evolutionary tracks calculated faf, = 300 km st are five of them will be observed. Moreover, since COROT tries

realistic (Meynet & MaedHr 2000). to sample as well as possible the HR diagram, not all the sec-
Fig. [ shows the average/rys ratios we computed for ondary Be candidates in a selected field will eventually be ob
each star assumin@/Q. = 0.90. Most of the Be stars areserved with COROT. The choice will be made according to

found, on the average, in the second half of the main sequetR@nical constraints of the satellite and to the stellaape

life time and we clearly observe a paucity of very young Bgters determined in this paper.

stars at masses lower thanMs,. The lack of low mass Be Be stars that will not be observed in a long run, either be-
stars M < 7M,) in the first half of the main sequence wa§ause they are not located in one of the selected fields (and
noted in other recent works that deal with independent stéferefore are not listed in Tak 8) or because they are ot ch
lar samples. Using a magnitude-limited sample (97 Be staf§n @s a secondary target in these fields, can be proposed as ta
that mirrors the distribution of all known Be stars in the@dri  9ets for short runs lasting 20-30 days. Again the choiceeseh
Stars Catalogud (Hbeit & Warre[199]L)[ Zorec et h |m05)8e short-run targets will depend on the fundamental pararset
obtained a void of low mass Be stars in the first half of thédetermined in this paper, and on their variability. In parar
main sequence evolutionary phase. An equivalent conclusfdD 168797 seems to be a prime candidate for a short-run (see
was also obtained Hy Levenhahén (2004) from a study of 1&aitiérrez-Soto et . 20p5).

Be stars with visual magnitudes ranging from 7 to 9 mag. In
our case, probably due to the fact that the sample is smal,cl;erC
and the stars are not uniformly distributed over the masgaan
that defines B-type stars, the trend is mainly obvious at esasn this paper, we determined the fundamental parametegs{sp
< 6Mg. However, since the same result also repeats in otheal type, dfective temperature, surface gravity and projected

onclusions
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Table 8. Be stars close to primary COROT target candidatefgtabase maintained at CDS, Strasbourg, France. YF thanks D
which could be selected as secondary targets. P.Lampens for hosting him at the Royal Observatory of BahgilRM
acknowledges continuous financial support of the CNPQ Baazi
Agency.
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Table 1. Spectra used in this study. For the ELODIE spectra, the btgrmise ratio (8\) was provided by the INTERTACOS
(OHP) reduction pipeline, while for the other data it was poed with IRAF by selecting some parts of the continuum & th
studied spectral regiont”indicates that the spectrum is available in GAUDI.

HD Obs. date Lo (s) Instrument AN
42406 2004-02-05 900 FEROS 249
43264 2001-11-27 3300 ELODIE 83
43285 2001-12-21 1800 ELODIE 123
44783 2000-12-18 1500 ELODIE 121
45901 2004-01-03 2700 AURELIE 42803 120
46380 2001-12-22 3600 ELODIE 53
46484 2003-01-26 3600 ELODIE 107
47054 2002-01-28 300 FER®S 145
47160 2002-01-28 300 FER®S 150
47359 2004-01-03 2400 AURELIE 42883 140
49330 2001-12-22 3600 ELODIE 54
49567 2002-04-01 1500 ELODIE 132
49585 2004-01-07 3600 AURELIE 44852 140
49787 2003-01-18 220 FER®S 126
50083 2003-01-17 1200 ELODIE 96
50138 2003-01-18 110 FERO®S 144
50209 2001-12-24 5150 ELODIE 46
50581 2003-01-27 3600 ELODIE 73
50696 2001-12-22 7200 ELODIE 48
50868 2001-10-09 500 FER®S 160
50891 2005-01-05 4500 AURELIE 250

51193 2004-01-03 900 AURELIE 42863 130
51404 2004-01-04 3600 AURELIE 42883 150
51452 2004-01-03 900 AURELIE 42883 126

51506 2003-01-24 3600 ELODIE 89
52721 2004-02-05 300 FEROS 260
53085 2003-01-15 180 FERA®S 115
53667 2003-01-18 300 FERO®S 105
54464 2004-02-05 1800 FEROS 317
55135 2004-02-05 300 FEROS 250
55606 2001-12-22 5400 ELODIE 40
55806 2004-02-05 1500 FEROS 250
57539 2003-01-17 130 FERO®S 72
166917 2002-08-14 720 ELODIE 90
168797 1999-07-25 900 ELODIE 171
170009 2000-06-07 2400 ELODIE 141
170714 2001-07-06 450 FER®S 98
171219 2002-07-07 300 FER®S 130
173219 2001-07-06 450 FEROS 85
173371 2001-07-06 300 FER®S 115
173530 2003-07-18 600 OPD CASS 30
173637 2003-07-18 1200 OPD CASS 50
173817 2003-07-18 600 OPD CASS 70

174513 2004-07-05 2740 AURELIE 44833 170
174571 2004-07-12 3600 AURELIE 44833 180
2004-07-15 3600 AURELIE 41063 200




16

Frémat et al.: Be stars in the field of COROT

HD Obs. date Lo (s) Instrument AN
174705 2004-07-05 2400 AURELIE 44833 140
2004-07-15 3600 AURELIE 41063 140
174886 2002-07-07 300 FEROS 80
175869 2001-07-07 150 FEROS 90
176159 2004-07-20 2500 AURELIE 44833 190
176630 2001-07-07 1800 ELODIE 94
2001-07-06 600 FERCOS 100
178479 2004-07-21 3600 AURELIE 44833 180
179343 2003-07-18 400 OPD CASS 120
179405 2004-07-04 AURELIE 448G3
180126 2004-07-04 1000 AURELIE 44833 320
2004-07-13 2700 AURELIE 41063 170
181231 2003-07-18 1000 OPD CASS 60
181308 2003-07-18 700 OPD CASS 70
181367 2003-07-18 1000 OPD CASS 50
181709 2004-07-20 2000 AURELIE 44833 180
181803 2004-07-19 3600 AURELIE 44833 125
184279 2002-07-06 300 FEROS 40
2003-07-18 500 OPD CASS 100
184767 2004-07-18 1000 AURELIE 44833 110
194244 1999-12-20 3600 ELODIE 112
230579 2004-07-05 3600 AURELIE 44833 130
BD-09°4858 2004-07-20 2400 AURELIE 4483 180
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Table 4. Veiling corrected apparent stellar parameters. ID numi8MBAD V magnitudes and spectral types are given for each
targetin cols. 1, 2, 3 and 4. The derived stellar parametfiecfive temperature, surface gravity, anglni) are gathered in cols.

5, 6 and 7. Their accuracy is estimated by scanning the sokiipace while adoptingftirent initial values for the parameters.
Spectral types (col. 8) are derived from the apparent steleameters combined to thggTand log g calibrations proposed by

Gray & Corbally [199) and by ZorkE (1986). Cols. 9 and 10thistequivalent width of the #lemission components as well as

the estimates of the veiling correction, respectively. &hver bars on the equivalent widths are generally of therayti&5% and
are a product of the fitting process. Errors on the veilingpaater, r, are estimated by accounting for the accuracy?haNd

by assuming a 95% confidence interval on the reference d&allsreau et dl. (Fig. 9 95). Previous determinatidribe
stellar parameters are given in col.11 and are taken fropR¢¥er et a.[(2042); (2) Sokolpy (1995); (B) Abt et 4l. (2p02)
in (R001); (5) Levenhagen & Lei|§|l r (2004); (6) Chawevél al. ); (7) Lyubimkov et pll (2002); (8) Gulati e} §I989);
); (10) Halbedlel (1996); (1i1) Cidale 042); (12)|Conti & Ebbelts|(1977); (18) Theodossipu (1985%)(
2).
ID SIMBAD This work
HD/BD HIP/BD/ V  Sp. Type T log g Vsini  Sp. Type V\Z" r Notes
MWC (K) (c.g.s.) (kmsb) (mA)
42406 29298 8.01 B9 15480000 3.720.10 30@:25 B4V 0.30:0.05 -
43264 29719 7.51 B9 10580000 2.76:0.10 28&10 B9l 0.22:0.03 -
43285 29728 6.05 B6Ve 14080000 3.7&0.10 26@-20 B5IV 0.22+:0.03 — Vsini =235 km s! (3)
Vsini =260+ 12 km s (4)
Ter = 16600+ 600 km st (5)
log g=4.0+0.1(5)
Vsini =237+ 11 km s (5)
44783 30448  6.225 B8Vn 1108000 3.050.15 22650 B9l 0.10£0.02 — Vsini =230 km s (3)
45901 30992 8.87 B2Ve 26580000 3.730.15 16415 BO.5IV  0.820.12 0.140.08
46380 31199 8.05 B2Vne 22080000 3.7@0.15 30@&15 B1.51V  0.9%0.14 0.2@0.08 T =21200+ 650 K (5)
log g=3.5+0.1 (5)
Vsini =293+ 3kms? (5)
Vsini = 262 km st (4)
46484 31305 7.65 B1lV 2708000 3.6@0.15 1220 BO.51V  0.150.02 -
47054 31583 5.57 B8Ve 1208000 3.4@0.15 2226 B7Il 0.30+£0.05 — Vsini =220 km st (3)
Vsini = 226 km st (4)
Ter = 11995 K (6)
log g=3.9(6)
Vsini = 230 km s? (6)
47160 31629 7.104 B9 1158600 3.7@:0.10 1495 B8IV 0.0740.01 —
47359+05°1340 8.87 BO0.5Vpe... 295@@000 3.6%0.15 44340 BOIV 0.42:0.06 -
49330 32586 8.95 BO:nnpe 27001600 3.820.15 27@50 BO.51V  0.250.04 —  Teg = 27200+ 600 K (5)
log g=4.0+0.1(5)
Vsini = 200+ 10 km s (5)
49567 32682  6.146 B3ll-1lI 170Qa1500 3.480.12 8510 B3Il 0.23:0.03 — Vsini=75km st (3)
Ter = 16600+ 500 K (7)
log g=3.31+£0.19 (7)
Ter = 17300+ 200 K (8)
Ter = 16157 K (9)
log g=2.95-3.10(9)
49585+00°1624 9.13 BO0.5:V:nn 255041500 3.840.1 31@:30 BO.5IV  0.1G:0.02 -
49787 32766 7.54 BlV:pe 25080000 4.0%:0.10 16615 B1V 0.12-0.02 — Vsini =186+ 2 kms? (4)
Vsini = 180+ 2 km st (10)
50083 32947 6.92 B2Ve 20020000 3.430.15 18%20 B2l 1.33:t0.20 0.3@0.11 Vsini=178+2kms? (4)
Vsini = 170+ 2 km s (10)
50138 32923 6.583 B9 12580000 3.25%0.15 6610 B7IIl - —  Ter = 13279+ 100 K (11)
log g=3.4(11)
50209 32977 8.36 B9Ve 12560500 3.5@:0.10 20@-30 B8IV 0.62:0.09 0.120.07 T =12500+ 450 K (5)
log g=4.00+ 0.15 (5)
Vsini = 173+ 15 km s (5)
50581 33167 7.54 AO 1025600 3.6@-0.08 2425 AO0IV 0.30£0.05 -
50696+00°1691 8.87 B1l:V:nne 213@4500 3.450.15 35630 B1.51l 0.28:0.04 —  Teg = 21700+ 600 K (5)
log g=3.50+ 0.15 (5)
Vsini = 281+ 18 (5)
50868 33267 7.85 B2Vne 22080000 4.240.15 26420 Bl15V 0.02:0.01 -
50891 -031643 8.88 BO:pe 27562000 3.930.20 226:20 B0O.5V - -
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ID SIMBAD This work
HD/BD HIP/BD/ V  Sp. Type T log g Vsini  Sp. Type V\Z" r Notes
MWC (K) (c.g.s) (kmsh (mA
51193 33361 8.06 BlV:nn 23020000 3.620.1 21525 Bl5IV 1.3%0.20 0.230.11
51404 -0681840 9.30 B9 215001500 4.150.1 33510 B15V 0.560.08 0.1@0.07
51452 -041745 8.08 BO:lll:nn 300001500 3.8&0.15 29820 BOIV 0.23:0.03 -
51506 33509 7.68 B5 17020000 3.840.15 17220 B25I1V 0.840.13 0.26-0.08
52721 33868 6.58 B2Vne 22500000 3.99.0.20 35240 B15V 0.520.09 0.050.07 Vsini =456+ 2 km s1(10)
Vsini = 243+ 93 km s(4)
53085 34032 7.20 B8 1502000 3.7G:0.10 20325 B4V 0.3%0.06 -
53667 -081734 7.76 BO.5llI 280081500 3.45:0.10 11@10 BOl 0.10£0.02 — Vsini =85kms?! (12)
54464 -031762 8.40 B2:V:pe 170Q€1500 3.3&0.15 16215 B2.51l 0.64:0.10 0.0%0.07
55135 34719 7.32 B4Vne 17080000 4.340.20 24420 B2.5V 1.2@0.18 0.3%30.10 Vsini =258+ 25 km s* (4)
Vsini = 270+ 25 km s (10)
55606 -021603 9.04 Bl:V:nnpe 260@2000 4.2@0.20 35@60 B0.5V 1.420.21 0.3%0.12 T = 28700+ 550 K (5)
logg=4.1+£0.1(5)
Vsini = 335+ 20 km st (5)
55806 35021 9.10 B9 125@0000 3.440.10 20215 B71l - - SB2 (Sec@ﬁ)
57539 35669  6.581 B5lII 14004000 3.3@0.10 14110 B5III 0.31+0.05 -
166917 89242  6.686 B9 12080000 3.230.15 16510 B8l 0.10£0.02 — Vsini =170+ 7 km s (10)
168797 89977  6.147 B3Ve 18500000 3.4@-0.15 26420 B2.51l 0.09:0.01 —  Teg = 21000 K (13)
Vsini = 260 km s? (3)
Vsini = 251+ 6 km s (4)
170009 90428 8 B8 11063600 3.4@-0.20 18@30 B9l 0.40£0.06 -
170714 90768 7.38 BlVne 23000200 3.89:0.15 27@15 Bl151V 0.880.13 0.1%0.08
171219 90958 7.65 B8 1350000 3.040.15 30@:25 B5I1 -0.20£0.03 —  Teg = 13500 500 K (5)
log g=3.80+ 0.15 (5)
Vsini = 190+ 25 km st (5)
173219 91946  7.88 Bl:V:npe 2700R000 3.7@¢0.20 6X10 BO.5IV 0.8&:0.12 0.1%0.08
173371 91987  6.885 Balll 1256600 3.5@:0.10 29510 B7IV 0.29:0.04 — Vsini =291+ 4 kms? (4)
173530+04°3870 8.87 B9 125001000 3.1@0.10 25@15 B7ll 0.28:0.04 -
173637 92128 9.29 Bl1IV 26580500 3.6%0.10 19420 B1lIV 1.610.24 0.4@0.14 Vsini=98+10kms?! (4)
173817 92180 8.65 B8 13580000 3.7@0.15 27@¢:15 B61IV -0.15:0.02 -
174513 92510 8.70 B1V:npe 23000500 3.8@:0.10 25130 B1.51V 0.9%0.14 0.2@0.08 27500« 600 K (5)
log g=3.5+0.1(5)
Vsini = 180+ 15 km st (5)
Vsini = 202+ 5 km st (4)
Vsini = 200 km s* (10)
174571 92477  8.89 B3V:pe 21000500 4.0@:0.10 24@15 Bl5V 0.830.12 0.1%0.08 Vsini =294+ 19 km s* (4)
174705 -124786 8.34 B2Vne 220001500 3.83:0.10 33%25 B1.51V 0.0%0.01 -
174886 92694 7.77 B8 1508600 3.450.10 695 B4l 0.35+0.05 —
175869 93051 5.563 BO9lllpe... 1200800 3.380.10 16410 B8l 0.15£0.02 — Vsini = 140 km s* (3)
Vsini = 120 km s? (4)
Ter = 11066 K (6)
log g=3.48 (6)
Vsini = 175 km s? (6)
176159 93215 8.98 B9 14080000 3.730.10 22&15 B5IV 0.39:0.06 — Vsini =218+ 1 km s? (4)
Vsini = 220+ 1 km s (10)
176630 93411 7.70 B4IV 16080000 3.2@0.15 17520 B3Il 0.16+0.02 -
178479 94011 8.92 B9V 16580000 3.990.10 9%5 B3V 0.8%40.13 0.15
179343 94331 6.945B9 11580000 2.940.20 14815 B8l 0.25:0.04 — Vsini = 261+ 36 km s (4)
179405 94384 9.12 B5 19500000 4.0%0.15 23%20 B2V - -
180126 94596 7.99 B3p 20000500 3.8@:0.10 24320 B21IV - -
181231 94988 8.58 B9V 14020000 3.730.10 2530 B51V - -
181308 -023711 8.70 BS 140001000 3.780.10 24615 B5IV 1.02:0.15 0.230.09
181367+02°3852 9.36 B8 135001000 3.650.15 27230 B61IV 0.55:0.08 0.0%0.07
181709 95133 8.79 B8 13580000 3.24-0.20 24910 B6lI 0.60:0.09 0.0%0.07
181803 95152 9.1 B9 120@600 3+0.25 18350 B7III - -
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ID SIMBAD This work
HD/BD HIP/BD/ V  Sp. Type T log g Vsini  Sp. Type V\Z'V r Notes
MWC (K) (c.g.s) (kmsh (mA)
184279 96196 6.98 BO.51V 28022000 4.0@-:0.20 2330 BOV - — Ty =30400+ 600 K (5)
log g=3.9+0.1(5)
Vsini = 200+ 22 km st (5)
Vsini =212+ 9kms? (4)
Ter = 30408 K (6)
log g=13.92 (6)
Vsini =195+ 20 (6)
184767 96403 7.179 A2 1008600 3.52:0.10 44:15 A0l 0.15+0.02 -
194244 100664  6.144 B9V 1056800 3.3%0.08 23315 B9l 0.25:0.04 — Vsini =222 kms?! (1)
Vsini = 175 km st (3)
Vsini = 221+ 14 km st (4)
Vsini = 220 km s? (14)
230579+10°3774  9.10 B1l.5:IV:ne 295041500 3.8%0.15 33@¢40 B11IV 0.45:0.07 -
-09°4858 MWC964 8.84 B 210001500 4.16:0.20 10820 B1.5V 1.330.20 0.3%0.11
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Table 5. Fundamental parameters corrected for thieats of fast rotation at ffierentQ/Q. ratios. Error bars on the parameters
are of the same order than in TalEle 4. When the projectedantaelocity was greater than the break-up speed or than the
equatorial speed, the cells were left blank.

Q/Q.=0.80 Q/Q.=0.90 Q/Q.=0.95 Q/Q. =0.99
HD TS 109ge Vsiniguei TS 109go Vsiniguei TS 109ge Vsinigel TS 109ge Vsiniguel
(K) (cgs) (kmsh) (°) (K) (cgs) (kmsh) () (K) (cgs) (kmsh) () (K) (cgs) (kms?) ()
42406 16500 3.96 338 61 17000 3.97 360 79
43264 12000 3.16 284 79

43285 15000 4.03 266 71 15000 3.99 274 55 15000 3.95 292 51 018@B 309 58
44783 12000 3.37 226 93 12000 3.40 227 80 11500 3.13 231 82 01331 218 57
45901 27000 3.78 171 31 27000 3.79 173 26 27500 3.84 175 24 0293 174 21
46380 23500 3.91 306 65 23500 3.92 310 49 23500 3.94 315 44 0233 325 41
46484 27500 3.69 127 25 26500 3.61 130 21 29000 3.81 128 19 028@®» 134 15
47054 13000 3.60 220 78 13000 3.58 229 59 13000 3.51 239 54 0135F 253 51
47160 11500 3.76 150 39 11500 3.74 158 33 11500 3.69 161 35 0135®@ 173 33

47359 32500 4.03 469 73 32000 4.01 486 71
49330 26500 3.87 280 59 26500 3.86 285 46 28500 3.96 285 37 023@Y 296 34
49567 17500 3.58 93 26 17500 3.58 94 21 18000 3.61 99 20 18D A9 18

49585 26500 4.03 318 73 26000 4.10 325 57 25000 4.20 332 50 02723® 331 41
49787 25500 4.09 167 29 25500 4.09 169 24 25500 4.10 172 22 02833 175 18
50083 21000 3.58 188 45 21000 3.61 193 37 21000 3.64 196 33 02388 199 30
50138 12500 3.27 67 21 12500 3.27 69 18 12500 3.27 66 16 125 F3 15
50209 13000 3.66 202 89 13000 3.64 209 64 13000 3.57 219 57 01333 230 55
50581 11000 3.77 236 79 11000 3.65 250 78 11000 3.66 251 64 01884 250 54
50696 24000 3.85 366 78 25000 3.88 366 61 23500 3.75 375 49
50868 23500 4.43 273 49 23500 4.47 276 39 23500 4.46 278 35 0242 284 31
50891 28500 4.00 227 45 28000 4.02 231 37 29000 4.05 233 32 029@B 239 29
51193 24000 3.73 221 46 24000 3.72 224 37 24000 3.74 228 34 0230® 233 31
51404 24500 4.45 347 68 24000 4.45 353 52 24500 4.49 358 47 0283EB 363 41
51452 31000 4.02 306 59 30500 3.99 309 46 31500 4.04 313 41 0383® 325 39
51506 18000 3.98 183 37 18000 4.01 186 31 18000 3.99 195 29 018@B 204 28
52721 24000 4.26 364 65 24500 4.29 368 51 24500 4.33 377 45
53085 16000 3.90 212 54 16000 3.88 222 45 16000 3.86 231 42 0138D 247 40
53667 29000 3.56 116 23 27500 3.46 119 19 30000 3.66 118 17 03300 118 14
54464 17500 3.55 172 51 18000 3.55 177 42 18000 3.57 182 40 018@® 191 38
55135 18000 4.56 254 55 18000 4.55 264 55 18000 4.55 273 44 0182 290 39
55606 26500 4.32 357 65 27000 4.34 361 49 28500 4.45 364 44 0280 377 41
55806

57539 14500 3.42 149 46 14000 3.40 155 39 14000 3.37 159 36 013@2 171 34
166917 12500 3.36 170 58 12500 3.35 173 46 12500 3.29 169 46 001228 184 44
168797 20000 3.69 271 79 20500 3.75 279 55 21000 3.71 288 48 002304 302 45
170009 11500 3.56 182 68 11500 3.45 181 53 11500 3.43 193 49 00134 204 a7
170714 24500 4.06 277 53 24500 4.07 280 44 24500 4.06 283 38 002430 290 35
171219 16000 3.53 314 85 15500 3.53 314 83 16500 3.70 339 77
173219 27500 3.73 63 11 27500 3.74 66 9 29000 3.92 65 9 295 H6 8
173371 13500 3.88 278 92 13500 3.83 295 78 13500 3.77 313 69 0013¥9 312 73
173530 13500 3.43 239 94 13500 3.45 246 80 14000 3.51 249 80 001333 277 71
173637 26500 3.64 207 43 28000 3.79 207 35 28000 3.78 208 29 0029®3 213 29
173817 14000 3.94 267 76 14000 3.90 276 57 14000 3.85 296 55 0013®4 317 59
174513 24000 3.95 256 57 24000 3.96 261 49 24000 3.98 264 43 00242 270 38
174571 22000 4.14 246 51 22000 4.20 250 42 22500 4.25 252 36 002331 259 30
174705 23500 4.10 341 69 23500 4.10 346 58 24000 4.15 357 51
174886 15000 3.49 77 21 15000 3.50 79 18 15000 3.49 79 17 15000 B3 16
175869 12500 3.52 168 58 12000 3.47 171 a7 12000 3.40 180 44 0012389 196 43
176159 14500 3.92 236 74 14500 3.89 243 62 14500 3.89 258 58 001380 270 58
176630 17000 3.40 185 56 17000 3.41 188 45 17000 3.40 197 42 0013@B7 211 40
178479 17000 4.06 106 24 17000 4.08 109 20 17000 4.07 116 19 0014@7 117 18
179343 11500 3.09 148 55 12000 3.07 155 45 11500 3.02 158 43 001238 167 40
179405 20000 4.19 237 44 20500 4.23 248 36 21000 4.27 247 32 002230 258 30
180126 21000 3.98 250 60 21500 4.02 252 48 21500 4.09 259 42 00228 267 39
181231 14500 3.96 257 66 14500 3.90 259 52 14500 3.93 275 54 001383 295 54
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Table 5. Continued ...

Q/Q.=0.80 Q/Q.=0.90 Q/Q.=0.95 Q/Q.=0.99
HD TS 109go Vsini el TS 109go Vsini el TS 1099 Vsini e TS 10ggs Vsini e
(K) (cgs) (kms') () (K) (cgs) (kms') () (K) (cgs) (kmsh () (K) (cgs) (kmsh) (°)

181308 15000 4.00 254 64 15000 3.97 261 51 15000 3.93 277 48 0018®1 293 52
181367 14500 3.94 282 78 14500 3.88 292 62 14500 3.86 308 56 001356 331 56
181709 14500 3.40 291 90
181803 13000 3.19 190 79 12500 3.08 186 66 12500 3.11 210

184279 30500 4.05 135 22 31000 4.08 137 19 31000 4.10 140 17 00348 145 16
184767 10000 3.51 49 16 10500 3.55 49 13 10000 3.43 46 13 10 30 10
194244 11500 3.59 234 84 11000 3.52 232 79 11000 3.40 256 70 0013212 247 61
230579 31000 4.03 338 72 30000 3.92 343 47 32000 4.07 346 47 00328 352 38

BD-09°4858 21500 4.18 115 22 22000 4.22 115 17 22000 4.27 117 15 2210 117 14
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Table 7: List ofpnrc surfaceaveraged parameters and their respective interpolated magsdk,, agesr, and fractional
agesr/tus. When the projected rotation velocity was greater than tieallbup speed or than the equatorial speed, the
Table were left blank. Can be downloaded from the CDS.

HD T log g logL/L, Sut M/M,, age (years) 7/Tvs
| 0/Q, = 0.80 |
42406
43264
43285 145081100 4.020.17 2.620.09 4.660.30 0.665R08+0.201E08 0.47%0.13
44783 115081100 3.330.21 294 0.12 432030 0.166E09+0.155E+08 1.02-0.03
45901 260082300 3.740.21 4420.13 13.66:1.30 0.122E08+0.200E+07 0.75-0.10
46380 230081100 3.880.14 3.940.12 10.0&0.60 0.166E08+0.256E+07 0.62-0.09
46484 270081000 3.640.13 465%0.14 15.761.30 0.110=08+0.604E+06 0.8G- 0.04
47054 12508 800 3.5&0.15 2.840.12 4.66:0.20 0.132209+0.110E+08 0.9% 0.05
47160 11508 600 3.74:0.11 2.4% 0.08 3.6@:0.10 0.208E09+0.169E+08 0.79 0.05
47359
49330 260081700 3.840.17 4.3@-0.12 12.86-1.00 0.118=08+0.195E+07 0.69-0.10
49567 170081700 3.560.22 3.5&0.12 7.0@- 0.60 0.477208+0.646E+07 0.9k 0.07
49585 2600@1700 4.0@-0.16 4.1%0.09 12.060.90 0.876E07+0.265E+07 0.45-0.12
49787 2500821200 4.0%40.12 3.930.08 10.920.60 0.796E07+0.250E+07 0.34:-0.10
50083 205081100 3.5&0.15 4.04-0.12 9.6@0.60 0.255R08+0.191E-07 0.890.04
50138 125081100 3.230.19 3.220.13 5.16:0.40 0.113r09+0.100E-08 1.02-0.02
50209 1275@1700 3.630.28 2.820.14 4.5@-0.40 0.133R09+0.262E+08 0.84 0.11
50581 10508 600 3.74-0.11 2.26:0.07 3.3&¢0.10 0.260R209+0.227E+08 0.78-0.05
50696
50868 225081600 4.420.15 3.2% 0.07 8.1@0.20
50891 275082300 3.9%40.22 4.290.16 13.66-1.50 0.816E07+0.239E+07 0.49-0.14
51193 230081200 3.7@0.12 4.190.09 11.16:0.50 0.173R08+0.131E-07 0.79 0.05
51404 235081900 4.440.14 3.340.10 8.7¢: 0.80
51452 300081700 3.920.16 45%0.12 16.4@1.40 0.571r07+0.162E+07 0.43:0.12
51506 175081100 3.96-0.17 3.140.12 6.1 0.40 0.393E08+0.948E+07 0.55-0.12
52721
53085 15508 800 3.8%40.12 2.990.08 5.3&0.20 0.658=08+0.891E+07 0.66- 0.07
53667 280081700 3.5%0.14 4.96-0.09 19.36¢-1.40 0.898=07+0.566E+06 0.8% 0.03
54464 170081700 3.520.22 3.640.13 7.3 0.60 0.440B08+0.545E+07 0.92-0.06
55135 176181100 4.2%40.21 2.840.20 5.640.46 0.134E08+0.660E+07 0.16-0.08
55606 260082300 4.3@-0.21 3.760.13 10.8&1.30 0.180E06+0.293E+07 0.0%x0.14
55806
57539 140081100 3.320.18 3.3%+0.10 5.5@-0.40 0.907208+0.802E+07 1.0G- 0.03
166917 120081100 3.320.20 3.0&0.12 4.7@-0.30 0.136209+0.119E+08 1.02-0.03
168797 195081100 3.66-0.15 3.7&0.12 8.2 0.50 0.319E08+0.283E+07 0.82-0.06
170009 11508600 3.54-0.17 2.65%0.16 4.060.20 0.192E09+0.156E+08 0.93-0.05
170714 240081400 4.040.16 3.860.12 10.2&0.70 0.104R208+0.327E+07 0.39-0.12
171219
173219 265082300 3.69-0.22 456:0.18 14.86-1.70 0.116E08+0.168E-07 0.79-0.10
173371 13008600 3.86-0.11 258 0.08 4.16:0.20 0.127209+0.130E+08 0.6% 0.06
173530 130081100 3.4@-0.19 3.16:0.10 5.1 0.30 0.111E09+0.106E-08 1.0G-0.03
173637 255081700 3.6@-0.15 45%40.10 14.461.00 0.128208+0.101E+07 0.85-0.05
173817 140081100 3.920.19 2.640.12 4.4@-0.30 0.953r08+0.229E+08 0.6k 0.12
174513 235081700 3.920.17 3.950.10 10.3@0.80 0.146E208+0.356E+07 0.540.12
174571 210081700 4.120.19 3.440.10 8.1 0.60 0.108E08+0.602E+07 0.26-0.13
174705
174886 14508600 3.4%0.10 3.320.08 5.8@0.20 0.796E08+0.432E+07 0.9% 0.02
175869 12008600 3.490.11 2.86-0.08 4.4@-0.20 0.151709+0.992E+07 0.96- 0.03
176159 145081100 3.9@-0.18 2.7 0.10 4.66-0.30 0.868=08+0.184E-08 0.63-0.11
176630 165081100 3.360.17 3.740.13 7.2@-0.60 0.491208+0.429E+07 1.0Q= 0.03
178479 165081100 4.040.16 2.94-0.08 5.5@0.30 0.399r08+0.131E+08 0.43-0.12
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179343 115081100 3.0%0.22 3.220.18 526050 0.106E09+0.126E-08 1.02:0.00
179405 195082300 4.120.27  3.120.16 6.820.77 0.186E08+0.705E-07 0.28:0.10
180126 200081700 3.960.19 3.520.10 7.880.60 0.230E08+0.672E-07 0.53 0.13
181231 140081100 3.940.18 2.7%0.10 4.66:0.30 0.844E08:0.210E-08 0.58 0.12
181308 145081100 3.980.17 2.740.10 4.760.30 0.697E08+0.197E08 0.52-0.13
181367 145081100 3.920.18  2.7%0.12  4.620.30 0.802E08+0.136E-08 0.57:0.08
181709
181803
184279 300082300 4.020.22 4.45%0.17 15.9@1.80 0.540E07+0.203E-:07 0.3% 0.14
184767 10008600 3.420.13 2.330.08 3.460.20 0.309E09:+0.285E-08 0.9% 0.03
194244 11008600 3.520.11  2.540.07 3.82:0.10 0.217E09+0.151E-08 0.9% 0.04
230579 300081700 4.08:0.16  4.420.12 16.331.36 0.544E07+0.116E-07 0.4G:0.08
BD-09°4858 210081700 4.180.21 3.320.15 7.6@0.70 0.884E07+0.636E-07 0.19:0.13
/0. =0.90
42406
43264
43285 145081100 3.950.18 2.76:0.10 4.6@0.30 0.819E08+0.201E-08 0.5% 0.12
44783 115081100 3.3%0.20 2.940.12 4.4@0.30 0.161E09+0.151E-08 1.02-0.03
45901 260082200 3.740.21  4.420.13 1358 1.30 0.125E08+0.196E-07 0.75:0.10
46380 225081100 3.820.14 3.9%:0.12 9.820.60 0.177E08+0.264E-07 0.64 0.09
46484 255081000 3.540.13 4.6%0.14 1510 1.30 0.124E08+0.606E-06 0.8% 0.03
47054 125082800 3.540.16 2.8%0.12 4.6@0.20 0.133209+0.117E-08 0.93 0.05
47160 11008600 3.690.11 2.440.07 3.7@¢0.10 0.211E09+0.154E-08 0.83 0.05
47359
49330 255081700 3.820.17 4.3@0.12 12.681.00 0.127E08+0.190E-07 0.74-0.09
49567 170081700 3.540.22 3.5%0.12 7.0820.50 0.488E08+0.638E-07 0.92-0.06
49585 250081700 4.0%0.16 3.9%0.09 11.080.80 0.847E07+0.317E-07 0.3%0.12
49787 245081100 4.040.12 3.920.08 10.760.60 0.936E07+0.257E-07 0.39% 0.10
50083 2050@1100 3.550.15 4.020.12 9.4 0.60 0.253E08:0.189E-07 0.86: 0.04
50138 1200@1200 3.2%0.19  3.2%0.13 5.16¢:0.40 0.113E09+0.988E:07 1.02 0.02
50209 1250@1700 3.6@:0.28  2.830.14 4.5@0.40 0.135E09+0.250E-08 0.9G: 0.10
50581 1050 600 3.6%0.12 2.3%0.07 3.5@¢0.10 0.263209+0.200E-08 0.8% 0.04
50696 235021700 3.82:0.18 4.060.12 10.6@0.80 0.169E08+0.273E-07 0.7G 0.09
50868 225021100 4.430.39  3.24 043  7.9& 1.10
50891 270082200 3.920.22 4.2530.16 13.2@1.40 0.839E07+0.263E-07 0.4% 0.14
51193 2300@1100 3.660.12 4.130.09 11.1@0.50 0.180E08:0.126E-07 0.81 0.04
51404 235081900 4.420.15 3.3%0.09 8.5& 0.70
51452 295081700 3.940.16 4.5@ 0.12 15.8a& 1.30 0.714E07+0.170E-07 0.52-0.14
51506 1700@1100 3.920.17 3.130.12 6.060.40 0.402E08+0.101E:08 0.54 0.12
52721 235082200 4.230.27 352022 9.1&1.00 0.262E07+0.465E-07 0.08 0.14
53085 15508800 3.830.12 3.080.08 5.3@:0.20 0.707E08+0.839E-07 0.7G 0.07
53667 2650@1700 3.380.14 4.9%0.09 18.9@1.40 0.972E07+0.561E:06 0.92- 0.03
54464 1700@1700 3.5@0.22 3.640.13 7.460.60 0.443E08:0.606E-07 0.93 0.06
55135 175081100 4.250.21  2.830.20 5.530.45 0.156E08+0.707E-07 0.18:0.08
55606 260082200 4.3%:0.21 3.720.14 10.9@ 1.30 0.136E06+0.274E-07 0.0% 0.14
55806 1300@1100 3.580.19 2.9¢0.10 4.76¢:0.30 0.125E09+0.150E-08 0.9% 0.06
57539 1350@1100 3.340.18 3.3%:0.10 5.5@0.40 0.938E08:0.767E-07 1.0% 0.03
166917 120081100 3.290.20 3.020.13 4.760.30 0.137E09:+0.117E08 1.02 0.03
168797 195081100 3.7@¢0.15 3.76 0.12 8.3@0.50 0.304E08:+0.289E-07 0.8G: 0.06
170009 11008600 3.4@0.17 2.7%0.16 3.980.20 0.215E09:+0.151E08 1.0G:0.03
170714 235081400 4.030.16 3.820.12 9.9@0.70 0.115E08+0.347E-07 0.42:0.12
171219 15508800 3.480.14 3.420.12 6.26:0.30 0.658E08+0.471E-07 0.96-0.03
173219 265082200 3.680.22 4.5 0.18 14.6@1.70 0.119E08:+0.170E-:07 0.7% 0.10
173371 13008600 3.720.10 272 0.08 4.460.20 0.122E09+0.978E07 0.75 0.05
173530 130081100 3.4@0.18 3.1%0.10 5.16:0.30 0.111E09:+0.104E08 1.0G:0.03
173637 270081700 3.730.15 4.520.09 14.7@1.00 0.111E08+0.119E-07 0.75 0.06
173817 135081100 3.8%0.19 2.68 0.12 4.4@0.30 0.109E09:+0.213E-08 0.68 0.11
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174513 230081700 3.920.17 3.9%0.10 10.080.80 0.156E08+0.368E-07 0.58 0.12
174571 210081700 4.160.19 3.420.10 80@ 060 0.835E07+0.584E-07 0.2G:0.12
174705 225081700 4.060.18 3.680.10 9.16¢0.70 0.122E08+0.479E-07 0.38& 0.13
174886 1450600 3.460.10 3.320.08 57@ 020 0.816E08+0.441E-07 0.9% 0.02
175869 12008600 3.420.12 2.860.08 432020 0.164E09+0.117E-08 0.9% 0.02
176159 140081100 3.850.18 2.760.10 4.6&:0.30 0.973E08:0.181E-08 0.68 0.10
176630 160081100 3.3%0.17 3.7%0.13 7.1¢0.50 0.509E08+0.430E-07 1.0G:0.03
178479 165081100 4.040.16 2.9%:0.09 54G-0.30 0.418508:0.132E-08 0.43 0.12
179343 115081100 3.0%0.21  3.3¢.0.18 53 0.60 0.996E08+0.126E-08 1.02 0.00
179405 195082200 4.190.27  3.180.16  6.920.77 0.172E08+0.665E-07 0.27:0.10
180126 205081700 3.9%0.19 3.540.10 7.96:0.60 0.214E08+0.646E-07 0.51+0.13
181231 135081100 3.86:0.18 2.720.10 4.5@0.30 0.102E09:+0.195E-08 0.68 0.10
181308 145081100 3.930.17 2.740.10 4.76:0.30 0.818E08+0.190E-08 0.5% 0.12
181367 140081100 3.840.18  2720.12  4.640.29 0.943E08:0.1261E-08 0.66:0.07
181709
181803 1250600 3.120.19 3.3@0.22 55@0.70 0.914E08+0.134E-08 1.02 0.01
184279 300082300 4.030.22  4.44:0.18 1588 1.80 0.534E07+0.204E-07 0.38 0.14
184767 10008600 3.510.13 2.320.08 3.4G:0.10 0.304E09+0.220E-08 0.96:0.03
194244 10502600 3.4@0.12 258 0.07 3.82020 0.231E09+0.192E-08 0.9% 0.03
230579 285081700 3.820.16  4.530.12 1576129 0.804E07+0.106E-07 0.580.07

BD-04858 210081700 4.180.23 3.3&0.19 7.760.70 0.651E07+0.595E:07 0.14 0.13

| 0/Qc=0.99
42406 160081100 3.9%0.16 3.0:009 55@0.30 0.574E08+0.114E:08 0.62 0.10
43264 11502600 3.080.11 321009 516030 0.112E09+0.739E-07 1.02:0.00
43285 140081100 3.8%0.17 272010 4.760.30 0.919E08+0.173E-08 0.670.10
44783 110081100 3.120.21  3.040.14 4.6@0.30  0.143E09+0.128E:08 1.02:0.01
45901 280082200 3.980.20  4.340.12 1438140 0.733E07+0.233E-07 0.47% 0.14
46380 225081100 3.820.14 3.820.12 9.6@0.60  0.177E08+0.273E-07 0.62:0.09
46484 265081000 3.6@0.13 4.6 0.14 1578130 0.113E08:0.580E-06 0.83 0.04
47054 12008800 3.40:0.16 292012 4.4@0.30 0.155E09+0.133E-08 1.0G:0.03
47160 11002600 3.620.12 245008 3.6&:0.10 0.226E09+0.177E-08 0.88 0.04
47359 305082200 3.920.19  4.630.13 17.761.80 0.625E07+0.166E-07 0.52-0.13
49330 260081700 3.720.17 433 0.12 13.081.00 0.123E08+0.176E-07 0.7%0.09
49567 170081700 3.540.22  3.66:0.12 7.180.60  0.463E08+0.595E-07 0.92:0.06
49585 260081700 4.020.16  4.16:0.09 12.1@0.90  0.813E07+0.256E-07 0.430.13
49787 245081100 4.060.12  3.820.08 10.4@0.60 0.928E07+0.274E-07 0.3%0.10
50083 205021100 3.520.14  4.0&:0.12 9.4@0.60 0.247E08+0.190E+07 0.84: 0.04
50138 120081100 3.1%0.19 326 0.13 520040 0.104E09+0.894E-07 1.02:0.01
50209 120081700 3.460.29 2.880.15 4.4@0.40 0.152E09+0.233E-08 0.98 0.07
50581 10008 600 3.580.12  2.260.07 3.260.10 0.320E09:0.288E+08 0.9% 0.04
50696 225081700 3.620.18  4.120.12 10.680.80 0.196E08+0.229E-07 0.8G: 0.07
50868 225021100 4.460.33 3.220.36  8.0& 1.00
50891 275082200 4.080.23  4.26:0.18 13.6@1.50 0.731E07+0.256E-07 0.44:0.15
51193 230021100 3.7%0.12  4.140.09 10.9¢0.50 0.178E08+0.146E-07 0.7% 0.05
51404 235081700 4.4%20.16 3.3:0.07  8.5@ 0.60
51452 290081700 3.9%0.16 451013 1588 1.30 0.762E07+0.161E-07 0.56:0.11
51506 1700821100 3.9%0.16 3.180.12 6.180.40 0.435E08+0.870E-07 0.6%0.11
52721 230082200 4.220.23  35@0.14 8.8&1.00 0.123E07+0.436E:07 0.02 0.14
53085 15008800 3.720.12 3.050.08 5.3@0.20 0.793E08+0.698E-07 0.8G+ 0.05
53667 295021700 3.620.13  4.850.09 18.9@1.30 0.819E07+0.712E:06 0.76 0.05
54464 170021700 3.420.22  3.680.13 7.4@2.0.60 0.442E08+0.585E-07 0.94:0.06
55135 1700821100 4.220.22  2.820.21 552046 0.185808+0.767E+07 0.21:0.09
55606 265021300 4.320.23  3.740.14  11.60.50
55806 1250821100 3.430.19 295010 4.6@0.30 0.141E09:0.143E:08 0.9%: 0.04
57539 135021100 3.240.17 3.380.10 5.7@0.30 0.865E08+0.635E-07 1.02:0.01
166917 115081100 3.260.20 3.120.13 4.82:0.30 0.127E09+0.110E-08 1.02 0.01
168797 200081100 3.620.15 3.8%0.12 85050 0.294E08+0.255E-07 0.82:0.06
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3.380.22
443 0.18
2.3%0.08
2.62 0.07
4.420.13
3.2%0.12

3.86:0.30
9.8@-0.70
6.0 0.30
14.8@ 1.60
4.3@0.20
5.26: 0.30
14.6@ 1.10
4.5@ 0.30
9.8 0.80
8.0&-0.90
9.16:0.70
5.7G:0.30
4.3@&0.20
4.7@0.30
7.3@0.50
5.5@ 0.30
5.5G: 0.60
6.920.76
7.8@0.60
4.6 0.30
4.7@0.30
5.2%0.32
5.5G@- 0.50
5.6G- 0.80
15.5@ 1.80
3.3@&0.20
3.76:0.10
16.4@1.33
7.66:0.70

0.228209+0.208E+-08
0.117208+0.350E-07
0.644E08+0.500E-07
0.892E07+0.211E-07
0.138E09+0.943E-07
0.108209+0.808E+-07
0.958E07+0.154E-07
0.116E09+0.177E-08
0.151E08+0.401E-07
0.249E07+0.456E-07
0.108208+0.459E+-07
0.829E08+0.517E-07
0.170209+0.102E-08
0.109E09+0.151E-08
0.492E08+0.368E-07
0.466E08+0.131E-08
0.925E08+0.125E+-08
0.134E08+0.588E+-07
0.197E08+0.670E-07
0.110E09+0.162E-08
0.914E08+0.160E-08
0.795E08+0.808E-07
0.942E08+0.927E-07
0.875E08+0.143E-08
0.610E07+0.209E-07
0.323E09+0.266E-08
0.259E09+0.150E-08
0.535807+0.114E-07
0.258207+0.480E-07

1.0%0.03
0.42:0.12
0.88:0.05
0.6Q:0.13
0.8%0.04
1.02- 0.02
0.64: 0.09
0.76: 0.09
0.54-0.13
0.06:0.14
0.34: 0.13
1.0G: 0.02
1.02-0.01
0.8Q- 0.08
1.02: 0.02
0.5G:0.12
1.02- 0.00
0.2%0.09
0.45:0.13
0.7%0.08
0.7G: 0.10
0.75:0.06
1.02-0.03
1.02- 0.00
0.43:0.14
0.98:0.03
1.02- 0.02
0.43:0.09
0.06: 0.11
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