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(Q\
ABSTRACT
Q.

q)Aims. We search for fiects of metallicity on B and Be stars in the Small and Large éllagic Clouds (SMC and LMC) and in the Milky
Way (MW). We extend our previous analysis of B and Be staraufatjpns in the LMC to the SMC. The rotational velocities cdigsive stars
and the evolutionary status of Be stars are examined witiertdo their environments.
e\l Methods. Spectroscopic observations of hot stars belonging to thenyaluster SMC-NGC 330 and its surrounding region have been
obtained with the VLT-GIRAFFE facilities in MEDUSA mode. Wketermine fundamental parameters for B and Be stars witiGtREIT
code, taking into account thefect of fast rotation, and the age of observed clusters. Wepacerthe meaivsini obtained by spectral type-
] and mass-selection for field and cluster B and Be stars in¥@ ®ith the one in the LMC and MW.
Results. We find that (i) B and Be stars rotate faster in the SMC thanéntkC, and in the LMC than in the MW, (ii) at a given metalligity
- Be stars begin their main sequence life with a higher inibédtional velocity than B stars. Consequently, only atfoacof B stars that reach
9 the ZAMS with a stficiently high initial rotational velocity can become Be stgiii) the distributions of initial rotational velocitgeat the
(/) ZAMS for Be stars in the SMC, LMC and MW are mass- and met&jfidependent; (iv) the angular velocities of B and Be staeshigher in
>= the SMC than in the LMC and MW; (v) in the SMC and LMC, massivedBars appear in the second part of the main sequence, gotdrar
G>) massive Be stars in the MW.

Key words. Stars: early-type — Stars: emission-line, Be — GalaxieggéManic Clouds — Stars: fundamental parameters — Stapkutewn —
e Stars: rotation

o0
: 1. Introduction mentation installed at the VLT-UT2 at ESO, which is partic-
o
&) ularly well suited, in MEDUSA mode, to obtain high quality

OThe origin of the Be phenomenon has given rise to long dgsecira of large samples needed for the study of stellar-popu
1 bates. Wh_ether itis I_mked to _ste_llar evolution or |_n|t|ahmat lations. In Martayan et al. (2006a, hereafter MOB), we reggbr
“Otion conditions remains a major issue. Thus, finding ofiedi 4, the identification of 177 B and Be stars belonging to the
) ences in the ph¥5|cal properyes pf B and Bg S_tarS popumtl%ung cluster LMC-NGC 2004 and its surrounding region. In
) bglongmg to environments withfiierent metallicity could pro- Martayan et al. (2006b, hereafter Paper 1), we determined fu
vide new clues to understand the Be phenomenon. damental parameters of a large fraction of the sample in the
To investigate the influence of metallicity, star-formatio MC, taking into account rotationalfiects (stellar flattening,

conditions and stellar evolution on the Be phenomenon, \§eavitational darkening) when appropriate. We then irivest
have undertaken an exhaustive study of B and Be stars gated the fiects of metallicity on rotational velocities. We con-
longing to young clusters or field of the Small and Largeluded that Be stars begin their life on the main sequence (MS
Magellanic Clouds (SMC and LMC), because these galaxiggth a higher initial velocity than B stars. Moreover, this-i
have a lower metallicity than the Milky Way (MW). For thistial velocity is sensitive to the metallicity. Consequegntinly a
purpose we made use of the new FLAMES-GIRAFFE instriraction of the B stars that reach the ZAMS with dfstiently

high initial rotational velocity can become Be stars. Hoerv
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. .. . . 12 T T T
no clear influence of metallicity on the rotational veloaityB Field EIS SMC5 (NGC330)

O, B, A stars

stars was found. " % Bestars

The present paper deals with a large sample of B and Be . s
stars in the SMC, which has a lower metallicity than the LMC. ,, ‘
With the determination of fundamental parameters, and the b MC5. 002807 cool SG
study of the evolutionary status and abundances, we aim ats| ~ ; «
confirming and enlarging our results derived from the stuidy P ;
B and Be stars in Martayan et al. (2005a) and from the LMC 1 }f‘ i ~ i
(Paper ). . ; ' e

17

T

SMC5_037102 B[e] or HBe

2. Observations 18

This work makes use of spectra obtained with the multifibre 19 Eaeth ke
VLT-FLAMES/GIRAFFE spectrograph in Medusa mode (131 V)
fibres) at medium reso_lutlon €R400) in setup LRO2 (396.4 ig. 1.V versus (B-V) colour diagram from EIS photometry in
- 456.7 nm). Observations (ESO runs 72.D-0245A and 72.D- field. The ' symbols correspond to all stars in
0245C) were carried out in the young cluster SMC-NGC 3 © E.IS S,N,ICS eld. - SY . P o

L oo 1his field. '*’ show the Be stars+’ the O-B-A stars and "X’ the
and in its surrounding field, as part of the Guaranteed T"Tc]fner emission-line stars in the sample
Observation programmes of the Paris Observatory (P.l.: F. '
Hammer). The observed fields (2B diameter) are centered
at ¢(2000) = 00h 55mn 15s§(2000)= -72° 200 00’ and
(2000)= 00h 55mn 25s¢(2000)= -72° 23 30". Besides 3. Determination of fundamental parameters
the young cluster NGC 330, this field contains several high-
density groups of stars (NGC306, NGC299, OGLE-SMC99s in Paper | we make use of the GIRFIT least-square pro-
OGLE-SMC109, H86 145, H86 170, Association [5595]7g;edure (Frémat et al. 2006) to derive the fundamental pa-
Association SMC ASS39). Note that we corrected the codA@meters: fective temperatureTtg), surface gravity (logg),
dinates of NGC299 given in Simbad (CDS) with EIS coordRrojected rotational velocityMsini) and radial velocity (RV).
nates (Momany et al. 2001). Spectra have been obtainedTdis Procedure fits the observations with theoretical spec-
October 21, 22, and 23, 2003 and September 9 and 10, 200a:interpolated in a grid of stellar fluxes computed with the
at those dates, the heliocentric velocity is respectiveipd 12 SYNSPEC programme and from model atmospheres calcu-
km sL. The strategy and conditions of observations, as wéed with TLUSTY (Hubeny & Lanz 1995, see references
as the spectra reduction procedure, are described in Mosthgrein) ofand with ATLAS9 (Kurucz 1993; Castelli et al.
sample of 346 stars has been observed within the two obse¥§97). The grid of model atmospheres we use to build the
ing runs. Since the V magnitude of the selected targets san§@RFIT input of stellar fluxes is obtained in the same way as
from 13.5 to 18.8 mag, the integration time varied between ¥hour LMC study, but for the metallicity of the SMC.
and 2h. However, as the seeing was not optimal during the first The metallicities of the model atmospheres are chosen
run, the $N ratio is only about 50 on average, with individuato be as close as possible to the NGC 330 average value,
values ranging from 20 to 130. [m/H] = -0.6 (where n/H] = log(m/H)smc — log(m/H)),

We pre-se|ected 11544 B-type star candidates Wm’q‘,timated from Jasniewicz & Thévenin (1994) The Kurucz
14<V<18 and a colour index B-¥0.35, among the 192437and OSTAR 2002 models we use are therefore those calculated
stars listed in the EIS SMC5 field by the EIS team (Momar¥ith & [myH] close to -0.6. Finally, the complete input flux grid
et al. 2001), keeping in mind the intrinsic value E(B=0)08 is built assuming the averaged element abundances deryed b
(Keller et al. 1999) for the SMC. We then observed three field@shiewicz & Thévenin (1994) for C, Mg, Ca, Ti, Cr, Mn and
with VLT-FLAMES/GIRAFFE. Since for each field maximumFe. The other elements, except hydrogen and helium, are as-
130 stars can be observed, we collected data for 346 obje#tgned to be underabundantb§.6 dex relative to the Sun.
among the 5470 B-type star candidates located in these fieldslt is worth noting that GIRFIT does not include thffexts
for the selected magnitude range. The ratio of observed-+to aif fast rotation. Therefore, for rapidly rotating stars, meed
servable B-type stars in the GIRAFFE fields is thus 6.3%. THig correct the stellar parameters with the FASTROT computer
represents a statistically significant sample. From thewfas code (Frémat et al. 2005) assuming a solid-body-typeiootat
tions we confirm the B spectral type for 333 of the 346 stardle then obtain the parent non-rotating counterpart’ (psee
Of the remaining 13 objects, 4 are O stars, 6 are A stars, 1 iBrémat et al. 2005) stellar parametéF§( loggo, Vsini™®) for
cold supergiant, 1 is a planetary nebula, and 1 is a HB[e]. ThgivenQ/Q..

333 B-type objects further include 131 Be stars. For a more detailed description of the grid of model atmo-

The V versus B-V colour diagram (Fi] 1), derived fronspheres we use, the fitting criteria we adopt in the GIRFIF pro
EIS photometry (Momany et al. 2001), shows the O, B, A aradure, and the correction for fast rotation we apply on &ind
Be stars in our sample compared to all the stars in the Ei8ental parameters of Be stars, we refer the reader to Paper |
SMCH5 field. (Sect. 3).
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Finally, we determine the spectral classification of eaah sfTable 2. Parameters logi(/L,), M/M, etR/R; interpolated or
with two methods. The calibration we establish to estimatalculated for our sample of O, B, A stars in the SMC from HR
these spectral types is described in Paper I. The agreereentdiagrams published in Schaller et al. (1992) fer(Z001. The
tween the two methods is not as good as for the stars obserftditable is available online.
in the LMC (Paper I), because the observations for the SMC
have a lower AN ratio. Star logt/Le) M/Ms;  R/R age (Myears)

SMC5000351 2.4-0.4 3.4+05 1.9+0.3 12546
SMC5000398 4.2 0.4 9.7+0.5 24.8+25 26+3
4. Stellar parameters of the sample stars SMC5000432 3.1+ 0.4 4.5+05 5.0+1.0 119+6

In this section we present the stellar parameters and spectr-
classification we obtained for O-B-A and Be stars.

and 90 new Be stars. Threert:mission line stars mentioned
4.1. Fundamental parameters of O-B-A stars in Keller et al. (1999) are not Be stars: the star SMZZD7
S S or KWBBe044 is a cool supergiant and a binary, the star
Early-type stars that do not show intrinsic emission lines 5MC5.37102 or KWBBe485 is a possible HBe], and the star

their spectrum and have not been detected as SpeCtrOSC%R}fb581994 or KWBBe4154 is a planetary nebula
binaries are listed in TabIE 1, sorted by their EIS catalogue p '
The apparent fundamental parametef$Pt, 10gJapp,

number.. The funQamentaI paramet@es, log g, Vsini, and Vsini app, and RV) we derive for these stars are reported in
RV obtained by fitting the observed spectra, as well as thrll”LSplla‘abIe . The spectral classification derived from appanemt f

tral classification deduced on one hand frég—log g plane . . .
calibration (CEP determination, see Paper I) and on therotdamental parameters is also given in the last column of the
’ able. Without correction for fast rotation nearly all Beust

hand from equivalent width diagrams (CEW determinatioa, S€aem to be sub-giants or giants
Paper 1), are reported in Tatﬂe 1. The heliocentric velesii’ 9 9 '

and 12 km st) have been subtracted from the radial velocities. T;e_apga_rergalummosny, mass,fradgséandgg: OI Be stars
To derive the luminosity, mass and radius of O, B, an € gerived in the same way as for ©, b an stars (see

A stars from their fundamental parameters, we interpolate .ect.), from their apparent fundamental parametere. Th

the HR-diagram grids (Schaller et al. 1992) calculated tier tgpp%rentjpt)ﬁsmon of Be jltarsl n _the ':R diagram is ;hown n
SMC metallicity (Z= 0.001; Maeder et al. 1999 and references " gnT béﬁzlorrespon ing luminosities, masses, ancbradi
therein) and for stars without rotation. givenin 1a '

We estimate the mean radius, mean mass and mean
Vsini in various mass .binS (eg6M < 7 M@, 7< M<9 Table 4. Apparent parameters |dg,(|_O), M/M@, and R/R@
Mo, etc). We then obtain a mean equatorial velocity for a rafterpolated or calculated for Be stars in the SMC from HR
dom angle distribution using formulae published in Chdavildiagrams published in Schaller et al. (1992) fer®Z001. The

et al. (2001) and Paper ). full table is available online.
For B stars,<Vsini> is close to 160 km 3, thusVe/V;
~ 43% andQ/Q.~ 58%. As the ffects of fast rotation on Star logl/Lo) M/Mg R/Rs age Myears

the spectra are only significant f62/Q.> 60% (Fremat et MHF[S9]47315 5.3:0.4 23.9+15 16.0+15 7.6+1
al. 2005), we do not need to correct the fundamental paraMfHF[S9]51066 4.6:0.4 13.1+1.0 14.1+15 16.2+3
eters of B stars for fast rotatiorffects. This justifies the use SMC5000476  3.2:0.4 52+05  3.8£0.5 77.2+6
of non-rotating models. Although some B stars do have a high

Vsini (>350 km s?), the accuracy on the parameters determi-

nation is generally low for these stars, and thus we deciti®no

introduce corrections. Since the value of the averdggd; is

at the limit at which the spectroscopiffects of fast rotation 4.2.2. Fundamental parameters corrected for rapid
appear, we however expect that a significant part of the B star rotation

in the sample will be apparently more evolved due to gravita- e
tional darkening. The pnrc fundamental parametergy, logg,, Vsini'*) of Be

gtars we obtain after correction with FASTROT are given in
gﬁ’ble['ﬁ for diferent rotation rate®/Q.. We estimate the rota-
tion rateQ/Q. to be used for the selection of the most suitable
pnrc fundamental parameters of Be stars in the SMC as in Paper
I. We obtainVe/V; ~ 87% and/Q. ~ 95% on average.

4.2. Fundamental parameters of Be stars As previously, but with the pnrc fundamental parameters
corresponding to the rotation rafy Q. = 95%, we derive the
luminosity logl/Ly), massM/M,, and radiusk/R; for Be
The sample (131 Be stars) includes 41 known Be stars fratars. These parameters are given in Table 6. After coorecti
Keller et al. (1999) and from Grebel et al. (1992), for whicfor rapid rotation, Be stars globally shift in the HR diagréon

the Hy emissive character has been confirmed in this wonkiards lower luminosity and higher temperature, as illustta

The obtained luminosity, mass, radius, and age of most
B, and A stars of the sample are given in Tzﬂ)le 2. The positi
of these stars in the HR diagram is shown in Iﬁg. 2.

4.2.1. Apparent fundamental parameters
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Table 1. Fundamental parameters for O, B, A stars in the SMC. The naomwdinates ¢(2000),5(2000)), V magnitude
and (B-V) colour index of stars are taken from the EIS cataésy The #ective temperaturée; is given in K, log g in dex,
Vsini in km st and the RV in km s'. For each parameter the-%rror is given. The abbreviation “CFP” is the spectral type
and luminosity classification determined from fundameptlameters (method 2), whereas 'CEW'’ is the spectral tyge an
luminosity classification determined from EW diagrams (moett1). The localization in clusters is indicated in the Edumn:

cl0 for NGC 330 (0h 56m 19s -727 52”), cl1 for H86 170 (Oh 56m 21s -721’ 12”), cl2 for [BS95]78 (Oh 56m 04s -72
20 127), cI3 for the association SMC ASS 39 (0h 56m 6s°>-I8 00”), cl4 for OGLE-SMC109 (Oh 57m 29.8s -725 51.9"),

cl5 for NGC299 (0h 53m 24.5s-741 49") corrected coordinates, cl6 for NGC306 (Oh 54m 158 422 30”), cl7 for H86 145
(Oh 53m 37s -7221' 00”), cl8 for OGLE-SMC99 (0h 54m 48.24s -727 57.8’). The full table is available online.

Star a(2000) 6(2000) \% B-V 9N T logg Vsini RV CFP CEW com.
SMC5000351 005332.810 -722643.70 17.75 -0.15 20 169600 4.40.2 31247 158+10 B3V B2.51V
SMC5.000398 0054 02.700 -722540.60 14.27 -0.12 90 13300 2.720.1 104:10 138+10 BSII-IIl BO.5III
SMC5.000432 0053 19.101 -722448.76 16.87 -0.14 60 18800 3.A#0.2 19%16 156+10 B3IV  B2lll

Table 3. See the caption of Tab@z 1. In addition, MHF[SX]XXXXX is givdor stars in our catalogue of emission line stars,
and in the last column, the letter “k” followed by a numberresponds to the star number in Keller et al. (1999). Moretwer
“#” indicates that the star was pre-selected in our cataazftemission line stars (unpublished). In the last colunenshectral

classification from the SIMBAD database is also given. Tlsétlaree lines correspond to emission-line objects whiemat Be
stars. The full table is available online.

Star « (2000) 6 (2000) Y B-V SN TI* l09Qapp  VSiNiapy RV CFP comm.
MHF[S61]47315 054 49.559 -72 24 22.35 _ 120 30008800 3.4:0.1 37G:10 16G:10 BOIV #
MHF[S61]51066 054 50.936 -72 22 34.63 B} 130 22502600 3.3:0.1 41510 13G:10 B1lll #

SMC5000476 05323.700 -722343.80 16.36 -0.15 40 183600 4.¢0.2 30230 11G:10 B2V

Table 5. Fundamental parameters for Be stars in the SMC correctedthie éfects of fast rotation assumingfiéirent rotation

rates (2/Q¢). The most suitable corrections are those correspondifiy@.=95%. The units are K fof g, dex for logg,, and
km s for Vsini™e. The full table is available online.

star Q/Q.=85% Q/Q.=90% Q/Q.=95%

SMC TS loggo Vsini™e | TS loggo Vsini™e | TS loggo Vsinijtue
MHF[S9]47315 3300@-800 3.7+0.1 383+10 | 34000+800 3.7+0.1 390+10 | 32500+800 3.8+0.1 396+10
MHF[S9]51066 2650@600 3.7+0.1 428+10 | 27500+600 3.8+0.1 437+10 | 26000+600 3.8+0.1 450+10
SMC5000476 2000@-1400 4.3+0.2 321+30 | 20000+1400 4.3+0.2 328+30 | 20000+1400 4.3+0.2 336+30

in Fig 3. It clearly demonstrates that Be stars are lessvedol 4.2.3. Spectral lines saturation

than their apparent fundamental parameters could indicate According to Townsend et al. (2004) and Frémat et al. (2005,

Figs. 5 and 6), there may be a saturatifieet of the FWHM
of spectral lines for the highest angular velociti&y Q) that
hampers the estimate &fsini. However, the magnitude of
Table 6. Parameters log(/L.), M/Ms, R/R, and age of Be this _dfec_t strongly_depends_on s_tella_r parameters and_on the
stars in the SMC, obtained by interpolation in the evolugign studied line-transitions. Multiple line flttlng, as we pemfn in
tracks published in Schaller et al. (1992) wite=@001 with our study, allows the.refpre o reduct_a the impact of the_aatur
fundamental parameters corrected for fast rotattéeces with tion (due to the gravitational darkening) and to correctittiw

0/Q.=95%. The full table is available online. FASTROT. This is conf_lrmed _by the fa_lct _that, for the SMC,
we report apparerﬁf ratios which are significantly above the
Star logL/Lo) M/M. R/R, age Myears expected limit where saturation should appear {@&80).

MHF[S9]47315 5.0t 0.4 21.3+1.5 10.2+1.5 7.9x1
MHF[S9]51066 4.4:0.4 12.0+1.0 7.6+15 17.49+3

4.3. Characteristics of the sample
SMC5000476 3.0:0.4 5.0+0.5 2.5+0.5 51.4246

To characterize the sample of stars, we study the distabuti

in spectral types, luminosity classes, and masses for stars
clusters and in the field. Note that the method with equivalen
widths (CEW) fails to give a reliable spectral classificatfor
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Fig. 2. HR diagrams for the studied B and Be stars. Top: Tﬁgd right bars are for stars in fields.

effects of fast rotation are taken into account Vit = 95%

for Be stars. Bottom: B stars and fast rotators (Be stars) cor

rected for their fast rotation. Common: The adopted metal-

licity for the SMC is Z0.001. Red +' represent Be stars

with their apparent parameters, blue ™' Be stars corrected We also present the distribution of Be stars with respect to

with FASTROT withQ/Q. =95%, and green triangles B starsluminosity class and spectral type, using the classifioatio-

Typical error bars are shown in the upper right corner of thained from the fundamental parameters. We compare the dis-

figure. Evolutionary tracks come from Schaller et al. (1992) tribution obtained before and after correction of fast tiota
effects (Figs[|4 anﬂ 5).

As for B stars, Be stars in our sample generally are early
-type stars (BO to B3) but are apparently giants and sulbgian
e%c_lasses 111, 1V). The Be stars corrected for rotatidfeets ap-
pear hotter than apparent fundamental parameters would sug
gest. In particular, there are more Bl-type stars. After fas
tation treatment Be stars in classes Il and IV are redisteith
in classes IV and V. However, about 60% of the Be stars still
appear as giants and subgiants as in the LMC (Paper I).

the few hotter (late O) and cooler (B5-A0) stars in the samplg
Moreover, for Be stars, the spectral classification deteami
tion is only performed using the derived apparent fundam
tal parameters (CFP), since the emission contaminatioen of
presentin B and in several cases in the H&471 line, makes
the first method particularly inappropriate for early Basta

4.3.1. Distributions in spectral types and luminosity

classes o
4.3.2. Distribution in masses

We present in Figl]3 the distribution of O-B-A stars with re-

spect to spectral type and luminosity class. The classiicat In addition, we investigate the mass distribution of B and Be

used here is the one obtained from the fundamental parasnesgars (Fig[J5). The sample shows a distribution peakingratou

determination (CFP determination). 5-6 and 7-8 M for B and Be stars, respectively. These peaks
The sample contains essentially early B-type stars (BOdoe reminiscent of those of B and Be stars in LMC’s sample

B3) as in the LMC (Paper I) which are mainly dwarfs and sul§7 and 10 M,) as shown in Paper I, but are shifted to smaller

giants (classes V, 1V), in the field as well as in clusters. masses.
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Fig. 4. Apparent spectral type (upper panel) and luminosi®ig. 5. Corrected spectral type (upper panel) and luminosity

class (lower panel) distributions of Be stars in the sample ¢lass (lower panel) distributions of Be stars after fasation

the SMC. In common: The blue left bars are for stars in clugeatment in the sample in the SMC. In common: The blue left

ters and the red right bars are for stars in fields. bars are for stars in clusters and the red right bars aredos st
in fields.

5. Rotational velocity and metallicity: results and

discussion

4.3.3. Ages of clusters o ) )
We compare th&/sini values obtained for B and Be stars in

We determine the ages of stars of the field and of several cltf{€ SMC to those obtained for the LMC (Paper I) and given
ters or associations in our observations. For this purpose, in the literature for the MW. However, the later generally di
use HR evolutionary tracks (for non-rotating stars) forgtees Not take fast rotationfiects into account in the determination
of the sample urfected by rapid rotation and for Be stars corof fundamental parameters. Therefore, to allow the corspari
rected for the fiects of fast rotation witl2/Q. = 95%. For With the MW, we report on the apparent rotational velocity in
the cluster NGC 330, we obtain Id)& 7.5+0.2, which is in the case of rapid rotators in the SMC and LMC.

excellent agreement with the value found photometricajly b

OGLE: 7.5:0.1 (see Pietrzyhski & Udalski 1999) while Chiosis 1 \/sini for the SMC in comparison with the LMC

et al. (2006) found lodj = 8.0. For the clusters OGLE-SMC99 and MW

and OGLE-SMC109, we find log(= 7.8+0.2 and log() =

7.9+0.2 to be compared with :log(= 7.6+0.2 and log() = For the same reasons as in Paper |, we cannot directly compare
7.7+0.1, respectively (Pietrzyhski & Udalski 1999), with 7.3he mearV/sini values of the sample in the SMC with values in
and 7.4 respectively from Chiosi et al. (2006), and with 8the LMC and in the MW, because they aféeated by ages and
and 7.8 respectively from Rafelski & Zaritsky (2005) for avolution, mass function of samples, etc. We must therefore
metallicity Z=0.001. In the same way, we determine the agelect B and Be stars in the same range of spectral types and
of other clusters: for NGC299 log(= 7.8+0.2 and NGC306 luminosity classes or of masses (when they are known) and
log(t) = 7.9+0.2 to be compared with the values from Rafelskiges for samples in the SMC, LMC, and MW.

& Zaritsky (2005): 7.9 and 8.5 respectively. Our values hrest To investigate theféect of metallicity and age on the rota-

in general in good agreement with OGLE and other determirtasnal velocity, we first compare the meafsini of B and Be
tions. As for the LMC, these comparisons validate our methsthrs either in the field or in clusters in the SMC to the ones
to determine ages for clusters. in the LMC and MW. Then, we compare the rotational veloc-
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Fig. 6. Mass distribution of B (upper panel) and apparent mass

distribution of Be stars (lower panel) in the sample in thecsM Fig. 7. Comparison of mea¥sini in the SMC, in the LMC and
in the MW. Evolutionary tracks of rotational velocity dugithe

main sequence life are given forfidirent initial velocities for a
ity of B and Be stars in field versus clusters in the SMC. WeMo Star. The ZAMS and TAMS are indicated by vertical lines

use the same selection criteria as those for the LMC and Md the criticaVsini by a horizontal dotted line. The number
described in Paper I: we select stars with spectral typeingng®' Stars for each study is given in brackets. The dispersion i
from B1 to B3 and luminosity classes from V to IIl. For ref.29€S corresponds to the range of individual stellar agesein t
erence studies in the LMC and MW, we use the same as thg&gPles, when these ages are known, or to the main sequence
mentioned in Paper | (see Table 10 therein). The values arelf&time. Upper panel: for field B and Be stars. The considere
ported in Tabld]7. As in Paper I, we recall that all suspect&'dies are: for the SMC, this paper; for the LMC, Martayan

binaries, shown in Martayan et al. (2005b) are removed frdth@!- (2006b) and Keller (2004); for the MW, CheChauville
the statistics of the following sections. et al. (2001), Yudin (2001), Gle Glebocki & Stawikowski

(2000), and Lew= Levato & Grosso (2004). Lower panel: Same
figure but for clusters. The considered studies are: for ME S
5.1.1. Field B and Be stars this paper; for the LMC, Paper | and Keller (2004), and for the

The comparison o¥/sini in the SMC, the LMC and the MW Clusters in the MW, the WEBDA database.

for B and Be stars in the field are presented in Tgple 7 andFig. 7

(upper panel). In the figure the range of stellar ages is tegor

as the dispersion in age. For samples with an unknown age,ot&erved between samples in the SMC, LMC and MW are sig-

adopt as error bar the duration of the main sequence for aificant.

M star, which highly overestimates the age uncertainty. T(igfor field B stars: we find that there is a significanffdrence

curves show the evolutionary tracks of rotational velodity- between the SMC, the LMC, and the MW. Field B stars in the

ing the main sequence forftirent initial velocities fora7 M SMC have a rotational velocity higher than in the LMC and the

star, which corresponds to the maximum of the mass functintw. We recall that the test is not conclusive between B stars

of the B-star sample. These curves are obtained as desamnibed the LMC and the MW (Paper 1), because results afiedi

Paper | (Sect. 5.2). ent according to the selected study in the MW (Glebocki et al.
As for the LMC, we show that the samples in the SMQ00O or Levato et al. 2004).

contain a sfficient number of elements for the statistics to bgi) for field Be stars: there is a slight fiierence between the

relevant and give an averadtsini not biased by inclination SMC and the LMC, and a significantftérence between the

effects. We complete the statistical study by the Student'sSMC and the MW. Field Be stars in the SMC have a higher ro-

test (Table online) in order to know whether théfeliences tational velocity than in the LMC and the MW. We also recall
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Table 7. Comparison of mean rotational velocities for B and Be statk spectral types B1-B3 and luminosity classes from V
to lll in the SMC, LMC and MW. The values in brackets repregbetnumber of stars in the samples.

From Field B stars Field Be stars Clusters B stars  Clusterstéis
this study SMC 159 20 (147) 318:£30(87) 163+ 18(19) 264+ 30 (25)
Paper | LMC 121+ 10(81) 268+30(26) 144+ 20 (10) 266 30 (19)
Paper | LMC Keller (2004) 112 50 (51) 146+ 50 (49)

Paper | MW Glebocki et al. (2000) 12410 (449) 204+ 20 (48)

Paper | MW Levato et al. (2004) 13810 (150)

Paper | MW Yudin (2001) 20%# 30 (254)

Paper | MW Chauville et al. (2001) 23420 (56)

Paper | MW WEBDA logf) < 7 127+ 20 (44) 199+ 20 (8)
Paper | MW WEBDA logf) > 7 149+ 20 (59) 208+ 20 (45)

that, from Paper |, field Be stars in the LMC have a rotationgeneous possible way, we select the stars by mass categories

velocity higher than in the MW. 5<M <10 Mg, 10 M < 12M,, etc. We assume a random
distribution for the inclination angle.
5.1.2. B and Be stars in clusters The number of observed stars for a given mass category is

low, therefore we have not separated the stars in clusters an
The comparison o¥sini in the SMC, LMC and MW for B in fields categories. This is justified since we have not found
and Be stars in clusters are presented in Table 7 and[Figar¥, significant dference between the rotational velocities of
(lower panel). The evolutionary tracks curves are the sasnesgars in fields and in clusters. We first present a generaltresu
in the upper panel. For the MW, we use the selection we magi&ween B and Be stars in the MC, then we study in detail the
in Paper I. We distinguish two groups: the younger clusteggects of metallicity and evolution on the rotational velast

with log(t) < 7 and older clusters with lo(> 7. The age- for Be stars in the MW and in the MC.
difference between clusters, taken from WEBDA, gives the The rotational velocities we derived from observational re

age-dispersion.reported in the figure. The results conccgrngults’ for the dierent samples by mass categories for B and
B and Be stars in the SMC, LMC and MW clusters are: Be stars in the MC are reported in F@. 8. This graph shows,
rotational velocity, as in the MW when interval of similaresg 5 from sp_ectrz_al type-sglectlon, thz-iF Be stars reach the seal

' guence with high rotational velocities at the ZAMS contrary

are compared (Paper ). to B stars. Consequently, only a B star with dfiently high

(if) for Be stars: We note no ffierence between Be stars in thg,iia) yotational velocity at the ZAMS may become a Be star.
SMC and LMC clusters, while there is a significanffelience

between the LMC and the MW clusters. Be stars rotate more

rapidly in the Magellanic Clouds (MC) clusters than the MV§ 2. 1. Effect of metallicity on B stars

clusters. The lack of dierence between the SMC and the LMC

is probably due to a éfierence in mass and evolution function§he values of the mean rotational velocities for the mass-
of the stars in the samples (see Secfion 4.3.2 and Papett], Smples of B stars in the SMC and LMC are given in Tgble 9
4.5.3). and reported in Fid] 8. For a better comparison, we must eeduc
the number of degrees of freedom, i.e. compare the samples
with similar ages and similar masses and with isient num-

ber of elements. That is the case, in this study, for the 5-40 M
No significant diferences can be found between rotational véategory sample. Even if the age is not exactly the same, the
locities neither for field versus cluster B stars in the SM@Volution of the rotational velocity as shown by the traakss
LMC, and MW, nor for field versus cluster Be stars in the LM@ Mo, indicate that the velocity of the SMC’s sample is higher
and the MW. However, a slight trend seems to be present for @n the one of the LMC at exactly the same age. A highly sig-
stars in the SMC. Field Be stars seem to rotate faster than cliificant diference (probability 99.5%) in the mean rotational
ter Be stars in the SMC. However, note the large error bar glocity is then shown for this mass-category between th€SM

the mearVsini value for Be stars in the SMC, which preventgnd the LMC with the Student's t-test. Note that such a com-
conclusive results between field and clusters. parison cannot be done with B stars in the MW, because the
data in the literature do not allow to determine their masses

The dfect of metallicity on rotational velocities for B stars
is shown for the 5-10 M category with similar ages between
The search for links between metallicity and rotation of Bl arthe SMC and the LMC: the lower the metallicity, the higher the
Be stars is also carried out thanks to a selection by masgesational velocities of B stars. It could also be valid foher
which allow a direct comparison with theoretical tracksloé t ranges of masses, but this has to be confirmed with apprepriat
rotational velocities. To obtain sub-samples in the mostéto samples. Nevertheless, this observational result niceifitns

5.1.3. Comparison between field and clusters

5.2. B and Be stars: mass and rotation



C. Martayan et al.: B and Be stars in the SMC 9
S
400 -
350 - V=500km s’ | 14%,13.5Me % T:j. :1o.=8rv1@
7 Ia T BT 7BMg
300 - T T
] 1{6, 14.9Mg é : 5 11V B 147, 3.7Mg
2% 7 Mo
‘v 250 | V=400km s %
_5 | 0—@—1 /
A 200 | V0=300 km s’ 107, 14.6Mq 52*, 7.3Mg 18%, 4.4Mg
c i N\ 2
@ V=200 kms‘\ | % ’ =
=150 ¢ - 81,65
i 5 = , % — [M]=2-5 M,
5o T oo [M]=10-12 Mg
1 [M]=12-18 Mg @
0 T T T T T T T T T T T T T T T T T T T ]
6,5 7 75 log(t) 8 8,5
M=15 M
Me 7 MZ ¢Be SMC mBelLMC aBeMW <¢BSMC oBLMC

Fig. 8. Comparison of the rotational velocities for Be stars in thCS in the LMC and in the MW, and for B stars in the SMC
and the LMC. The squares are for the samples of stars in the,tMCdiamonds are for the samples of stars in the SMC, and
the triangles are for the samples of stars in the MW. Emptytmlmare for the B stars, and full symbols are for Be stars. The
different mass-categories are indicated lifedeént colours and symbols which surround the symbols foBtaed Be stars in the

3 galaxies: brown for masses ranging from 2 to §,ked large circles for masses ranging from 5 to 19, ifreen large squares
for masses ranging from 10 to 12Jvland blue large diamonds for masses ranging from 12 to 48Te numbers indicated
next to each point correspond to the number of stars ™ irhesanple and to their mean mass. The tracks of rotationativiel®
fora 7 and a 15 M star obtained for the SMC from our interpolations in the s&ta@f Meynet & Maeder (2000, 2002), Maeder
& Meynet (2001) are shown to illustrate the results.

Table 9. Comparison by mass sub-samples of the mean rotationalitietoic the SMC and LMC B stars. For each sub-sample,
the mean age, mean mass, m¥&aini and the number of stars (N*) are given. No result is given fassive stars in the SMC,
because of their small number.

2-5 Mg 5-10 My
<agee <M/Mg> <Vsini> N* | <agee <M/Mg> <Vsini> N*
SMC B stars| 8.0 4.0 161+20 111| 8.0 6.5 15517 81
LMCBstars| 7.9 4.1 14413 6 7.6 7.2 119+ 11 87
10-12 M, 12-18 M,
<ages <M/Mg> <Vsini> N* | <agee <M/Mg> <Vsini> N*
SMC B stars 3 2
LMC B stars| 7.3 10.7 11810 7 6.8 13.0 11210 6

the theoretical result of Meynet & Maeder (2000) and Maedbr2.2. Effect of metallicity on Be stars

& Meynet (2001).

The selection by mass samples of Be stars in the SMC was done
as in Paper | for the LMC. For the MW, we use the studies
published by Chauville et al. (2001) and Zorec et al. (2005).
The mean rotational velocity for each mass sample of Be stars
is reported in Tabl¢ 10 and is shown in F[§. 8 for the three
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Table 10.Comparison by mass sub-samples of the mean rotationalitietofor the samples of Be stars in the SMC, LMC and
in the MW. For each sample, the mean age, the mean mass, tinerotaional velocity and the number of stars are given. Note
no low-mass Be star in the LMC.

2-5 M, 5-10 My
<ages <M/Mg> <Vsini> N* | <agee <M/Mg> <Vsini> N*
SMC Be stars| 8.0 3.7 2734 14| 7.6 7.6 20+25 81
LMC Be stars 0 7.5 7.7 28520 21
MW Be stars | 8.1 4.4 241+11 18| 7.6 7.3 23414 52
10-12 M, 12-18 M,
<ages <M/Mg> <Vsini> N* | <agee <M/Mg> <Vsini> N*
SMC Be stars| 7.4 10.8 33520 13| 7.2 13.5 336:40 14
LMC Be stars| 7.3 11 259+ 20 13| 7.2 14.6 224-30 10
MW Be stars | 7.2 10.6 23116 9 6.8 14.9 27810 17

galaxies. For each sample, the mean age and mass, as wél@gase in the lifetime of stars on the main sequence due to
the number of considered stars are given. rotation and metallicity is taken into account.

From the results of the Student's t-test in Table online, we Note that due to fast internal angular momentum redistri-
conclude that there is arffect of metallicity on the rotational bution in the first~10* years in the ZAMS, the surface rota-
velocities for Be stars in samples with similar masses ame sitional velocities decrease by 0.8 to 0.9 times their initelle.
ilar ages: the lower the metallicity, the higher the rotasibve- Moreover, for the comparison-sake with our observatioatdd
locities. This is particularly visible in high-mass (10-b2,) the values plotted are ndt but are averageusini= (r/4)V.

and intermediate-mass (5-10/Msamples of Be stars in theFor example, for an initial rotational velocity equals to030
SMC and the MW. km s1, the angular momentum redistribution leads roughly to

- 1 whi ini—
Note, moreover, that for the most massive-star samples MQ‘W'S = 240 km s*, which corresponds tdsini= (/4)x240

<M < 18 M), it is more dificult to compare them directly, ~ 190 km s*.

since the ages are quitdidirent between the MC and MW. We

note the lack of massive Be stars in the MW at ages for whii 550

Be stars are found in the MC. It suggests that the Be star ph 1 Vo=12.92M+351 Re=0.919 ,F’/

can last longer in low metallicity environments such as th& M| ~ 500 i/

compared to the MW. ‘@ ] e o
£ 450 - e i‘brz’

5.3. ZAMS rotational velocities of Be stars § 400 : /;%’ i 4? -

The interpretation of our results requires a set of rotatior- | = 350 ] 744/

locity tracks for masses between 2 and 2@,Nbr different A Vy=10.91M+277 R=0.986

metallicities corresponding to the MC and the MW, and for di 300 o

ferent |n|t|<'_al rotanon_al v_elocmes at the ZAMS. We obtdirese 4 6 8 10 12 14 16 18

tracks by interpolation in the models of the Geneva group |y g, SMC = Be LMC 4 Be MW| MM,

described in Secf. 5.3.1. For the first time we derive theidist
butions of the ZAMS rotational velocities of Be stars as showFig. 9. ZAMS rotational velocities for the samples of Be stars
in Sect[5.3p. in the SMC (blue diamonds), in the LMC (pink squares) and
in the MW (green triangles). The dashed lines correspond to
the linear regressions. Their corresponding equationsand
relation codicient are given in the upper left and lower right
corners.

5.3.1. Theoretical evolutionary tracks of the rotational
velocity

We derive rotational velocity evolutionary tracks foffdrent
masses, initial velocities and metallicities by interpiola in
curves published by Meynet & Maeder (2000, 2002), Maedgr. : .
& Meynet (2001). We proceed as reported in Paper | (Secti§h3'2' ZAMS rotational velocities

5.2) fora 7 M, star. We then obtain curves for 3, 5, 7, 9, 12, 1®)ur study shows that Be stars begin their life on the main se-
and 20 M, stars, for initial rotational velocities =100, 200, quence with higher rotational velocities than those for&8 st
300, 400, 500 km 8, and at available metallicities=0.020 For each sample of Be stars in the SMC, LMC and MW, the
(solar metallicity), Z0.004 (LMC), and Z0.00001 (metal- initial rotational velocity at the ZAMS has been obtained by
licity similar to the one of the first generation of stars).rFdnterpolation between the tracks of the evolution of rataai
Z=0.001 (SMC), the curves result from our interpolations. Theelocity during the MS (see Se3.1). The resultingritigt
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tions of ZAMS rotational velocities for the samples of Bersta6. Angular velocity and metallicity: results and
in the SMC, LMC and MW are shown in FifJ. 9. discussion

The average rotational velocities at the ZAMSo{Vare  Thanks to the formulae published in Chauville et al. (2001) a
quantified by linear regressions and their equations arelas fn paper I, it is possible to obtain the average ratio of aagul
lows: to the breakup angular velocity for the stars.

— Inthe SMC, \b= 12.92MMO + 351 and the correlation coef-6-1. Angular velocities for B stars

ficient is R=0.919. We determine the medn/Q, ratio of B-type stars in the LMC
— In the MW, Vo= 10.914; + 277 and the correlation coef-(37%) and in the SMC (58%). In the same way, we determine
ficient is R=0.986. this ratio in the MW with the values in Tabj§ 7; this ratio rasg

— For the LMC, the lack of low mass stars in our sample infrom 30 to 40%.
plies that we cannot determine the ZAMS distribution. The The values of2/Qcseem to be similar for B stars in the
later seems to be situated between the distributions of tM&V and in the LMC, but higher in the SMC. Thisftirence is
SMC and MW. probably due to the large ftierence of metallicity between the
SMC and the LM@MW. We recall that the considered stars in
the MC have similar ages.
5.3.3. Consequences

— Whatever the metallicity, the ZAMS rotational velocitids 06.2. Angular velocities for Be stars

Be stars depend on their masses. . .
— Following the SMC and MW curves, the trend (the grad@c(:Ordlng to Porter (1996), the medlyQ, ratio of Be-type

. : o . 0
ent) of the ZAMS rotational velocities of Be stars could b§tars m_the MW is 844’ in good agreement W't.h the one (8.3 %)
. - etermined by Chauville et al. (2001). Following the deizhil

independent of the metallicity.

— There is an fect of metallicity on the distributions of theStUdy by Cranmer (2005) on Be stars in the MW, the ratio

0, 0, -
ZAMS rotational velocities. The lower the metallicity, the%/QC rralngiﬁis f:o:in 6r9r<°to gf? A)rr:‘()?r?’t;eteaégl;ypensd. Ii?] ttrI;e LS'\:/ICC
higher the ZAMS rotational velocities. (Paper 1) this ratio ranges fro 010 %8 €

. 0 0 X
— There is a limit of the ZAMS rotational velocities below(thIS study) from 94% to 100%. We recall that, in the MC, the

which B stars will never become Be stars. This limit d observed Be stars are also early-types and have similar ages
. ' e\Ne thus note the following trend: in the SMC they rotate faste
pends on the metallicity.

than in the LM@MW and are close to the breakup velocity or
are critical rotators. This shows that, in a low metallicityvi-
ronment such as the SMC, more massive Be stars can reach the
The initial conditions (magnetic field, accretion disk, )etceritical velocity. We also note that Be stars appear witteast
in an open cluster will lead to a more or less high number §/c~70% in the LMC. This value seems to be a threshold
B stars with a ZAMS rotational velocity high enough to bevalue to obtain a Be star in the MW, LMC, and by extension
come Be stars. Therefore, the rates of Be stars will fluctug@rtainly in the SMC.
depending on the cluster. It is expected that the mean r&e of  According to the stellar wind theories and Maeder &
stars at low metallicity, typically in the SMC, is higher that Meynet (2001), the higher the mass of the star, the higher
high metallicity, typically in the MW. This trend was alrgad the mass loss and angular momentum loss. However, in low
observed by Maeder et al. (1999) in open clusters. We fingetallicity environments, this mass loss and consequémdly
a similar result between the fields in the LMC and the SM@ngular momentum loss are lower than in the MW. As dur-
(Martayan et al. 2006c, in preparation). All these obséoval ing the main sequence the radius of the star increases and
results give new constraints on the pre-main sequence (PNaS)the star conserves high rotational velocities with a mass
evolution of B and Be stars progenitors and, in particulap-s Which decreases only slightly, the critical velocity dexses.
port the arguments exposed by Stepién (2002) about the inflipnsequently, th/Q. ratio for massive stars increases at low
ence of a magnetic field on formation conditions of B and Baetallicity, while it decreases in the MW. For intermediatel
stars (see Paper |, Sect. 5.2.5). Progenitors of Be starklwdaw mass Be stars, whatever the metallicity, €y ratio first
possess a weak magnetic field with a surface intensity betwégays relatively constant and then increases at the enceof th
40 and 400 G and, due to the short PMS phase for the edrgin sequence.
types, would conserve their strong rotational velocityimigir
the_mz_ain sequence. In IQW metallicity e_nvironments, th_e-mag.a ZAMS angular velocities for Be stars
netic field has less braking impact, which could explain why
Be stars in the SMC can rotate initially with higher velogsti Thanks to the distributions of ZAMS rotational velocities f
than in the LMC, and Be stars in the LMC with higher velocBe stars presented in Sekt.]5.3 and with the mass, and radius
ities than in the MW, as shown in FigH. 7 afld 8. Note thatat the ZAMS from the Geneva models, it is possible to obtain
weak magnetic field is suspected in the classical Bewst@ri the ZAMS angular velocities and ti§&/Q ratio for Be stars in
(Neiner et al. 2003). the MW and in the MC. The results are given in TaE}s 12. The
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effect of metallicity on the angular velocities is visible aeth& Meynet (2001) and Meynet & Maeder (2000) forfidirent
ZAMS. Note that the rati®2/Q. increases as the mass of thenetallicities, with an initial velocity \§ = 300 km s and for
star increases. stars with masses higher than @ Msecondly, we extrapolate
All the theoretical calculations from Meynet & Maedetherys values towards lower masses (5-3 MWe then inves-
(2000, 2002) and Maeder & Meynet (2001) have been pdigate the evolutionary status— of the SMC Be stars using
formed with a ZAMS rotational velocity equal to 300 km's the values of their ages corrected from fast rotatifiecs and
From the observations, we find that Be stars begin their Mf/en in Tablgp. Results are shown in Hig] 10.
lifetime with ZAMS rotational velocities higher than 300 The following remarks can be made:
km sL. For example, for a 20 MBe star, the ZAMS rotational
velocity is equal to 495 knd in the MW and 609 kms in the
SMC. The ZAMS rotation rate for a B star in the SMC is thus
higher than the value adopted by Meynet & Maeder in their_
studies. In the SMC, it is consequently easier than expéated
Be stars to reach the critical velocity. Note that, due ftedén-
tial rotation, these stars could be critical rotators airthierface
but not inside their core.

— It appears that more massive Be stars in the SMC are

evolved: all of them in our sample are localized in the sec-

ond part of the MS.

Intermediate mass Be stars are scattered across the MS.

— Less massive Be stars are mainly evolved and in the second
part of the MS > 0.5).

Table 12.Ratio of angular velocity to the breakup angular ve 1
locity Q/Qc (%) at the ZAMS for Be stars in the MW and in Mw
the SMC (this study) for a 5, 12, 20Jvktar. il‘
0,85 - é
MW SMC o T
BMo Q/Qu(%) 75 77 S

12Ms Q/Qc(%) 80 84
20M, Q/Q(%) 85 92
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(top) and in the SMC (bottom). The stars may become Be stars
Fig. 10. Evolutionary status of Be stars in the SMC. The fagt ¢/0.>70% (noted with a long dashed line).

rotation dfects are taken into account with/Q.=95%. The

typical errors are shown in the lower left corner. The diagsn

show the area of existing Be stars in the MW (Zorec et al.

2005). 7.2. Comparison between the evolutionary status of

Be stars in the MC and MW

To investigate the evolutionary status of Be stars in tfi® compare the evolutionary status of Be stars in thiedint
SMC taking into account theffects of fast rotation and thegalaxies we calculate thé- ratio for massive and less massive
low metallicity (Z=0.001) of the SMC, we firstly calculate thestars in the LMC (Z0. 0043 and the MW (solar metallicity) as
lifetime of the main sequencejs) of massive stars by inter- for the SMC. We note that in the MW, our results are quite sim-
polation in grids of evolutionary tracks provided by Maedéfar to the onesin Zorec et al. (2005). However, in the LMQ;, ou
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Table 13.Proportions in SMC, LMC, and MW of Be stars (in
%) in the upper £-> 0.5) and lower £-< 0.5) MS for masses
> 12 M, and< 12 M. The values for the MW are taken from

and Tabld 12), therefore the stars could be Be stars. Then,
the evolution of theif/Q. allows these stars to remain Be
stars.

Zorec et al. (2005). — Less massive Be stars:
In the MW as in the MC, less massive stars begin their life

M > 12 My on the MS withQ/Q. suficiently high to obtain the sta-
MW LMC SMC tus of “Be stars”. After the fast internal angular redistrib
—>0.5 30 100 100 tion in the first~10* years in the ZAMS, the surface ro-
—<0.5 70 0 0 tational velocities decrease and the stars lose the sthtus o
- M <12 M, “Be stars”. Then, the evolution of the2/Q; allows these
MW LMC SMC stars to become Be stars again (typically affer> 0.5), in
505 65 77 94 agreement with Fabregat & Torrejon (2000).
05 35 23 6

We note that our propositions explain results presented by
Zorec et al. (2005, their Fig. 6) and our results concernireg t

previous results shown in Paperl (Fig.12) are slightly rfiedi LMC (Paper I) and the SMC (Fig. [10). We also remark no dif-
with the use of evolutionary tracks adapted to its metayliciference between the evolutionary status of Be stars inestsist
(Z=0.004), mainly for the less massive Be stars which apped fields.

more evolved in the present study. The proportions of more In summary, a B star can become a Be star if its progenitor
massive $12 M) and less massive(2 M) Be stars in the has a strong initial rotational velocity at the ZAMS. Depied
SMC, LMC and MW are summarized in Tat@ 13. It is showAn the metallicity of the environment of a star and on thdaatel
that all more massive stars in the LMC and the SMC are in theass, the Be phenomenon appearsfédint stages of the MS.
upper part of the MS;%Z 0.5), contrary to the MW where
they are mainly in the lower part of the MS. The less massi
stars seem to follow the same trend in the MW and the M
they are mainly in the upper part of the MS in agreement witith the VLT-GIRAFFE spectrograph, we obtained spectra of
Fabregat & Torrejon (2000). With our results on the ZAMS raa large sample of B and Be stars in the SMC-NGC 330 and sur-
tational velocity distributions (Fid] 9) and with the thetical rounding fields. We determined fundamental parameters for B
evolution of angular velocities taken from the Geneva medeltars in the sample, and apparent and parent non-rotating co
mentioned above, we obtain the evolution of the angularorelaerpart (pnrc) fundamental parameters for Be stars.

ities for different masses (5, 12, 20J)lof Be stars inthe MW Using results from this study and those obtained for the
and the SMC as it is shown in Fifj.]11. We have emphasizeMC with the same instrumentation (Paper I), we made a
significant behaviour dierences between Be stars in functiogtatistical comparison of the behaviour of B and Be starkén t
of their mass and of their metallicity environment, and we-pr Magellanic Clouds with the MW.

pose the following explanation of the Be phenomenon in the

MW and in the MC:

e .
é. Conclusions

— there is no diterence in rotational velocities between early-

— More massive Be stars: type stars in clusters and in fields in the LMC and in the

In the MW, more massive stars begin their life in the MS SMC.

with a highQ/Q. (>70%, see Fig[]9 and Table]12), thus— the lower the metallicity is, the higher the rotational \@lo

these stars could be Be stars. Then, by angular momentumities are. B and Be stars rotate faster in the SMC than in the

loss, the stars spin down and might not eject matter any- LMC, and faster in the LMC than in the MW.

more; thus, they lose their “Be star” character during the- we have determined, for the first time, the distributions of

first part of the MS (typically foe™-> 0.2). However, atthe ~ the ZAMS rotational velocities of Be stars. The ZAMS

end of the MS %z 1), during the secondary contraction, rotational velocities are mass-dependent and metalicity

massive stars could hay®/ Q. suficiently high to become dependent. The gradients of the distributions seem to be

Be stars again. similar whatever the metallicity.

In the MC, more massive stars begin their life in the MS— Only a fraction of B stars, that reach the ZAMS with suf-

with a highQ/Q. (>70%) and could be Be stars but only ficiently high initial rotational velocities, can become Be

at the very beginning of the ZAMS. Therefore, they rapidly stars. Wisniewski & Bjorkman (2006) seem to have found

lose “the Be star status”. However, they spin up (increase of photometrically a similar result.

the radius, low mass-loss and low angular-momentum loss) the angular velocities are similar for B stars in the LMC

and reach very higl/Q at the end of the first part of the  and in the MW and lower than those in the SMC. The same

MS (typically after-~—> 0.4) so that they become Be stars  resultis obtained for Be stars.

again, contrary to what is observed in the MW. — more massive Be stars in the SMC, which are evolved, are
— Intermediate mass Be stars: critical rotators.

In the MW as in the MC, intermediate mass Be stars be— in an evolutionary scheme, massive Be stars in the MC and

gin their life in the MS with highQ/Q. (>70%, Fig.[b more particularly in the SMC appear in the second part of
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the main sequence, to the contrary to massive Be stars in tiMaeder, A., Grebel, E. K., Mermilliod, J.-C. 1999, A&A, 34659
MW, which appear in the first part of the main sequence. Maeder, A., Meynet, G. 2001, A&A, 373, 555
— other categories of Be stars (intermediate and less massiMeynet, G., Maeder, A. 2000, A&A, 361, 101

Be stars) follow the same evolution whatever the metayiicit Meynet, G., Maeder, A. 2002, A&A, 390, 561
of the environment. Momany, Y., Vandame, B., Zaggia, S., et al. 2001, A&A, 37% 43

Neiner, C., Hubert, A.-M., Frémat, Y., et al. 2003, A&A, 405
Our results support Stepién’s scenario (2002): massive st Pietrzyhski, G., Udalski, A. 1999, Acta Astr., 49, 157
with a weak or moderate magnetic field and with an accretioRorter, J. M. 1996, MNRAS, 280, 31
disk during at least 10% of their PMS lifetime would reachRafelski, M. & Zaritsky, D. 2005, AJ, 129, 2701
the ZAMS with suficiently high initial rotational velocity to ggga”ef: G., Schaerer, D., Meynet, G., Maeder, A. 1992, £%86,

become Be stars. »
Our observational results also support theoretical regylt  Stepien, K. 2002, A&A, 383, 218
Townsend, R. H. D., Owocki, S.P., Howarth, 1.D. 2004, MNRAS,

Meynet & Maeder (2000, 2002) and Maeder & Meynet (2001)350 189

for massive stars. In a more general way they illustrate &e bWis;ﬂewski 3.P. & Bjorkman, K.S. 2006, astroph0606525

haviour of massive stars and the importance of the process@ggin R. V. 2001, AGA, 368,’912 '

linked to rotation and to metallicity. In particular, ourstdts  zorec, J., Fremat, Y., Cidale, L. 2005, A&A, 441, 235

show that rotation has a major role in the behaviour of massiv

stars. Moreover, this pioneer study of a large sample of & sta

in low metallicity environments, such as the LMC (Paper jan . .

the SMC (this s?udy), allows us to approach the “fi(rst Etat\sg q"St of Objects

can reasonably expect that first massive stars are fasbratat " on page 11
In forthcoming papers, we will present results of CNO

abundances determinations, discuss the proportion ofde st

and report on the discovery of binaries in the SMC.
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