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ABSTRACT
High-resolution optical spectra of 57 Galactic B-type supergiant stars have been analysed
to determine their rotational and macroturbulent velocities. In addition, their atmospheric
parameters (effective temperature, surface gravity and microturbulent velocity) and surface
nitrogen abundances have been estimated using a non-local thermodynamic equilibrium grid of
model atmospheres. Comparisons of the projected rotational velocities have been made with the
predictions of stellar evolutionary models and in general good agreement was found. However,
for a small number of targets, their observed rotational velocities were significantly larger than
predicted, although their nitrogen abundances were consistent with the rest of the sample. We
conclude that binarity may have played a role in generating their large rotational velocities.
No correlation was found between nitrogen abundances and the current projected rotational
velocities. However, a correlation was found with the inferred projected rotational velocities of
the main-sequence precursors of our supergiant sample. This correlation is again in agreement
with the predictions of single star evolutionary models that incorporate rotational mixing. The
origin of the macroturbulence and microturbulent velocity fields is discussed and our results
support previous theoretical studies that link the former to subphotospheric convection and
the latter to non-radial gravity mode oscillations. In addition, we have attempted to identify
differential rotation in our most rapidly rotating targets.
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1 IN T RO D U C T I O N

The spectra of early-type stars are affected by a variety of non-
thermal velocity fields. Those present in the photosphere are of-
ten designated as microturbulence (see e.g. Gies & Lambert 1992;
Daflon, Cunha & Butler 2004; Simón-Dı́az et al. 2006) and macro-
turbulence (see e.g. Howarth et al. 1997; Ryans et al. 2002). Mi-
croturbulence is associated with distance scales smaller than the
mean free path of a photon, while macroturbulence is associated
with longer distance scales. Recently, the former has been linked
with the presence of subsurface convection fields (Cantiello et al.
2009) driven by the opacity of iron group elements, whilst the latter
may be a manifestation of the large number of non-radial gravity-
mode stellar oscillations (Aerts et al. 2009) present in the stellar
photosphere.

Stellar rotation also significantly affects early-type stellar spectra
and particularly for main-sequence objects can dominate the broad-
ening of the metal absorption lines (see e.g. Gray 1976, 2008).
Rotation may play a key role in the evolution of early-type stars
(see e.g. Maeder & Meynet 2001) and in long-duration gamma-ray
bursts (Woosley & Heger 2006). In turn, this has stimulated sev-
eral recent studies (Wolff, Edwards & Preston 1982; Abt, Levato
& Grosso 2002; Strom, Wolff & Dror 2005; Huang & Gies 2006;
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Martayan et al. 2006; Wolff, Strom & Dror 2007; Hunter et al.
2008a) of stellar rotation in both field and cluster stars and in dif-
ferent metallicity environments. However, recently both slowly ro-
tating stars with relatively high nitrogen abundance and rapidly
rotating stars with relatively low nitrogen abundances (Hunter et al.
2008b, 2009) have been identified in the Very Large Telescope –
Fibre Large Array Multi Element Spectrograph (VLT-FLAMES)
survey of massive stars (Evans et al. 2005). Hence, other mecha-
nisms as well as rotation may be important for mixing nucleosyn-
thetically processed material to the surface, as discussed by Brott
et al. (2009).

In this paper, we present high-resolution and high-signal-to-noise
spectra of a sample of 57 Galactic B-type supergiant stars, and use
these data to further investigate the relationship between rotation
and mixing, in addition to testing the predictions of theoretical
models. We also characterize the microturbulent and macroturbulent
velocity fields present in our sample and compare these with the
theoretical studies of Cantiello et al. (2009) and Aerts et al. (2009),
respectively. We have also attempted to make the first identification
of differential rotation in evolved massive stars.

2 O B S E RVAT I O N S A N D DATA R E D U C T I O N

The observing list was initially developed to sample, as widely
as possible, B-type supergiants of different spectral subtype. The
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