Stellar rotation rate in the Magellanic Clouds: does metallicity matter ?
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Abstract
An extensive survey of projected rotational
velocities of main sequence B stars in several fields
of the Magellanic Clouds is presented. B stars were
observed with UT2/FLAMES-GIRAFFE at the VLT
(ESO). In the LMC, the v sin i are determined for
320 stars in 3 different fields, and for 250 stars in
2 different fields in the SMC. We show the v sin i
distribution of main sequence B stars in the different
sites. When combining the fields, the distribution
of v sin i does not significantly differ from the LMC
to the SMC. However we do find a discrepancy
between the two fields in the SMC, and the stars in
the field around NGC 330 rotate faster on average
than the stars in the other SMC field. Therefore
a possible relation between rotation speed and
metallicity remains to be proven. These differences
are investigated in terms of stellar density difference
from field to field, but no correlation is found.
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Figure 1: Equatorial positions (α, δ) of the target stars in the different observed fields of the LMC and SMC. The red circles are the extent of the FLAMES/GIRAFFE
250 diameter field-of view. The background images come from the digitalised survey based on the SRC-J atlas.

Table 1: List of target fields, with their coordinates α, δ, and
the observed number of stars.

Data sample

Field
We observed B-type stars in the Magellanic Clouds with the
FLAMES-GIRAFFE multi-object spectrograph. We chose fields
from the EIS Pre-Flames survey (Momany et al. 2001): LMC32,
LMC33 and SMC05. They respectively cover the open clusters NGC 330, NGC 2006 and NGC 2004 (Fig. 1). However,
these clusters have a very small spatial extension, since their
core spans typically about 20, so that many fibres were allocated to stars rather remote from the cluster centre and which
are, therefore, not necessarily members. Additional fields (LMCSC15 and SMC-SC4), taken from the OGLE data (Udalski et al.
1998), were chosen to gather observations devoted to field stars
only. Observations were made in the Medusa mode, using the
LR02 setup (R ∼ 6400) which spans from 3965 to 4565 Å. The
analysed targets have magnitudes between 15 < V < 17 mag
for the LMC and 15 < V < 17.5 mag for the SMC (Fig. 2).
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Derivation of rotational velocity

The effective temperature are estimated from the absolute magnitude, and stars are assumed on the main sequence (log g =
4 dex). We used spectral synthesis according to the method described by Erspamer & North (2002). We restricted the analysis
to the spectral domain 4460–4490 Å, covering the He i λ4471 and
Mg ii λ4481 lines. Thus, not only the projected rotational velocity,
but also the radial velocity and the abundances of He and Mg
were adjusted, given the stellar parameters estimated above.
The abundances of He and Mg cannot be considered as meaningful, but only as free parameters used to fit reasonably well
the lines and compensate for errors in Teff and log g.

LMC
LMC32
LMC33
LMC-SC15
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Coordinates α, δ

# stars

5h30m40s −67◦1701200
5h31m40s −66◦5904800
5h03m48s −69◦0003600

109
109
105

SMC
SMC05
0h56m12s −72◦2900000
SMC-SC4 0h49m26s −73◦1200700

132
124

Figure 2: Photometric selection in
the colour–magnitude diagram of
the SMC05 field. The black symbols stand for the selected stars
with −0.25 < B − V < −0.05 mag
and 15< V <17.5 mag. The other
objects in the 340× 330 field-of-view
of the Wide-Field Imager (WFI)
at the MPG/ESO 2.2 m are represented by grey symbols. The
total number of objects is about
280 000.

Cumulative distributions

We compare the v sin i distributions in the absolute magnitude
range −3.5 < MV < −1.7 mag, assuming (V − MV )0 = 18.9 mag
and AV ∼ 0.27 mag (Udalski et al. 1998) for the SMC and (V −
MV )0 = 18.5 mag (Alves 2004) and AV ∼ 0.44 mag for the LMC.
The results of the comparison of cumulative distributions of v sin i
in the different observed fields are summarised in Table 2 and
Fig. 4. In the LMC, the three fields have similar v sin i distributions, whereas a significant discrepancy is noticed in the SMC.
The field SMC05 is the one studied by Martayan et al. (2007)
and Hunter et al. (2008), who indeed find that stellar rotation is
on average faster in the SMC than in the LMC. This turns to be
untrue when considering the OGLE field in the SMC.
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Densities

Strom et al. (2005) and Wolff et al. (2007) had suggested that
the faster average rotation of cluster B stars relative to those
in the field is linked with stellar formation; the denser the environment, the faster the rotation. Huang & Gies (2008) question
that view, so we attempt a test by estimating the suface density
of main-sequence B stars per kpc2 in our fields. We used the
OGLE BV catalog for both SMC fields and for LMC-SC15, and
WFI B and V catalogs for the LMC32 and LMC33. The results
are shown in Table 2. The volume density can only be estimated
for SMC-SC4, thanks to a recent depth estimate using eclipsing
binaries (Gauderon et al. 2008). Also listed in Table 3 are the
volume densities of the LMC fields under the (very uncertain)
assumption that the depth is equal to the projected width of the
bar, i.e. about 0.44 kpc. There seems to be no clear relation between the median vsini value and the volume density. Thus the
slight difference that we see between the two SMC fields could
be due either to a metallicity or to an age difference, as advocated by Martayan et al. (2007) and by Huang & Gies (2008)
respectively.
Table 3: Surface density Σ of B stars for each field. The approximate volume
density is given for SMC-SC4, using the depth found with eclipsing binaries,
as well as for the LMC fields under the assumption of a 0.44 kpc depth corresponding roughly to the projected width of the bar.

Field
Σ (B */kpc2)
LMC32
6010
LMC33
3100
LMC-SC15
5940
SMC05
11720
SMC-SC4
10800

Figure 3: Example of spectral synthesis results for a star from the LMC (field
LMC32, V ∼ 16.6 mag). The black line is the observed spectrum, and the
red line is the fitted synthetic spectrum.
Table 2: List of probabilities that two samples are drawn from a same parent
population when comparing the cumulative distribution of one field to another
(Kolmogorov-Smirnov test). The green numbers correspond to tests among
LMC fields, and the orange value is the D probability among the SMC fields.
The black ones compare LMC to SMC fields.

LMC SC15 LMC 32 LMC 33
LMC 32
0.644
Coucou Coucou
LMC 33
0.801
0.710 Coucou
SMC 05
0.267
0.539
0.226
SMC SC4
0.528
0.257
0.716

SMC 05
Coucou
Coucou
Coucou
0.103

†

n (B */kpc3) median v sin i[km s−1]
13730
148±12
7080
137±13
13580
130±12
–
149±12
810
127±11
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Figure 4: Top panel: cumulative distributions of v sin i for the different fields
(−3.5 < MV < −1.7 mag). The corresponding probabilities that two samples
are drawn from the same parent populations are given in Table 2. Bottom
panel: cumulative distributions of v sin i for the merged samples in the LMC
and SMC (−3.5 < MV < −1.7 mag). The probability that both distributions
are drawn from the same parent population is 0.861.
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