Blue massive stars in NGC 55:
a first quantitaive study
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Abstract We present the first census of blue massive stars in NGC 55, a
galaxy of the Sculptor group at 1.94 Mpc. This study is based on optical low—
resolution spectra of approximately 200 objects taken with VLT-FORS2. We
have performed the spectral classification of these objects.

The estimated stellar radial velocities show general agreement with the
existing H I rotational velocity data. A first qualitative study of the stellar
metallicity suggests that its global distribution over NGC 55 is close to that
of the LMC, as derived from previous studies of H II regions. We have also
determined the stellar parameters of one star showing that the resolution and
the quality of the spectra are reliable to perform a quantitative analysis.

1 Introduction

Massive stars are scarce compared with the rest of stars. For each ~ 20 Mg
star we can find about 10° stars similar to the Sun. Their high mass cause a
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huge internal activity leading to a high radiation pressure that sweeps away
the outer layers to the interstellar medium (10~ —10~% Mg, /year). The high
mass also makes that these stars to live fast and die “young” (105 —107 years)
as a supernova explosion. In spite of their short existence, the role of these
stars in the dynamical and chemical evolution of galaxies is remarkable due to
the injection of momentum and material during their entire life. Additionally,
thanks to their short lives we can use massive stars as a tool to determine
the present chemical composition of the host galaxies since the abundances
measured in their atmosphere are almost no contaminated with processed
material and represent the medium from which the star was born. These
objects can also be used as a distant candles (see [14]).

Nonetheless, one of the most relevant properties is their high luminosity.
This, together with new generation 8 — 10 m class telescopes, has renewed the
interest in the exploration of massive stars in nearby galaxies, even beyond the
Local Group. Going outside of the Milky Way (MW) gives us the possibility
of understanding the formation and evolution of these stars in environments
with different metallicity. Besides, we can study the chemical composition
of the whole projected galaxy. However, it has several implicit problems: a
lower signal-to-noise ratio (S/N), binary unresolved systems or a hard nebular
subtraction. Nevertheless, the last generation of instruments allows us to cope
with these issues. Out of the Galaxy, the Magellanic Clouds are the most
targeted due to their proximity [12] but there have been additional works on
other galaxies of the Local Group include: M 31 [21], M 33 [23], NGC 6822
[24], NGC 3109 [8], WLM [2] or IC 1613 [3]. Even out of the Local Group in
NGC 300 [14].

We now extend the study to NGC 55. This galaxy is located in the Sculp-
tor group at 1.94 Mpec [10], close enough to allow quantitative spectroscopic
analyses of bright blue stars. Its large inclination angle (~80°, [11]) makes
its morphological classification difficult. Some authors argue that NGC 55 is
a Magellanic irregular (for instance [5]), however we adopt a SB(s)m classi-
fication [6].

2 Data

Targets were selected from existing V- and I-band photometry obtained as
part of the ongoing Araucaria Cepheid search project [18]. Magnitude (V)
and colour (V' — I') were the main criteria for candidate selection. The final
list of candidates was built by careful examination of the images to reject
objects with nearby companions and to avoid overlap with H II regions.

We obtained spectra for ~200 objects with FORS?2 at the Very Large Tele-
scope, in the MXU mode. The spectra were taken with the 600B grism which,
at that time, provided the highest resolving power for this study (A/dA = 780)
in the wavelength range of interest (3100 — 6210A).
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Fig. 1 Observed spectra of early supergiants in NGC 55. The hydrogen lines, helium and
metallic transitions (marked in the plot) are clearly seen.

The spectra were reduced with the pipeline developed by Demarco et al.
[7], optimised for FORS2 data and upgraded for this work. Sky subtraction
was a laborious task due to nebular emission. Nevertheless, in the vast ma-
jority of our targets the nebular lines do not compromise our analysis.

3 Spectral Classification

The morphological analysis of stellar spectra is a crucial first step in studying
the population of massive stars since it provides clues about the stellar pa-
rameters of the stars. The system developed by Morgan et al. [17], together
with subsequent refinements [25], is the basis for the classification of Galactic
stars. These criteria are metallicity dependent. Therefore we also used objects
from the Magellanic Clouds as standards.

Existing NGC 55 H II regions studies indicate that its metallicity is close
to Large Magellanic Cloud (LMC) the [22]. We have performed the spectral
classification by visual comparison with templates from LMC stars. The lu-
minosity class was determined following [25] for O-type stars and using the
width of Balmer lines for B- and A-stars [1].

We have provided detailed classifications for 204 spectra, out of which 164
stars seem to belong to NGC 55 and have spectral types earlier than FO. We
have found a total of 14 O-type , 75 B-type and 68 A-type stars. There is also
a group of 7 NGC 55 blue stars that have been classified like WR and LBV
candidates. Some examples are shown in Fig. 1. The complete catalogue is
available in Castro et al. [4].
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4 Radial Velocity

Radial velocities were determined from the Doppler wavelength shift of strong
absorption lines. The resulting radial velocities are plotted in Fig. 2 as a
function of the projected galactocentric distance. We have also plotted the
rotation curve derived from H I observations [19]. Figure 2 shows how the
stellar population traces the rotation of the galaxy, even in its outer parts,
as found in NGC 3109 [8]. We obtain a systematic velocity of ~120 km s,
very similar to the 129 km s~! obtained so far [13].

One of the objects shows a low radial velocity compared with the other
stars and its spectrum exhibits no hint as to the reason for its small radial
velocity. It may be a halo Galactic star. However, this would be completely
inconsistent with its classification as a supergiant since it would be brighter.
Therefore, we cannot exclude the possibilities that either a supernova explo-
sion or binarity can be the cause of its peculiar radial velocity. The other
object with a larger velocity than the rest is actually a cluster.

5 Metallicity Estimate

We have qualitatively derived the metal content of NGC 55 stars. A subset of
spectral lines (silicon and magnesium) were compared with objects of similar
spectral type from the MW [16], LMC [9] and SMC [15]. The analysis was
performed on a set of supergiant stars (BO-A0).

We find that the average metal content of NGC 55 supergiants is similar
to those of the LMC. At first glance the spatial distribution (see Fig. 3) does
not show any obvious variation across the galaxy. However a more detailed
inspection reveals a slight variation. At a projected galactocentric distance
of 0.15 degrees and greater the population of stars with lower metallicity
increases compared to the central population.
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The high inclination angle of NGC 55 complicates our study. We cannot
ensure that stars apparently close to the centre are indeed in the disk of the
galaxy and not in an outer layer but in the line of sight towards the centre.
Nevertheless, the indirect evidence of a radial gradient found here cannot be
considered significant until we perform a quantitative analysis.

6 Quantitative Analysis

Modelling the atmospheres of these stars is complex. Quantitative studies
require a state-of-the-art atmosphere model that works in non-local thermo-
dynamical equilibrium (n-LTE) with an accurate treatment of the wind in a
spherically extended atmosphere. We used the code FASTWIND [20] and a
detailed atomic model of particular elements to derived their abundances.
We have derived the stellar parameters and abundances of a B2.5 I star
on NGC 55. The best fit models and derived parameters are shown in Fig. 4.

7 Next Step

The long-term goal of our project is to obtain the physical parameters and
abundances of a larger sample of blue massive stars in NGC 55. As an initial
step, we have presented the first census of blue massive stars in NGC 55 with
spectral classification for 164 have types earlier than F0 (for more details see
Castro et al. [4]).

The first quantitative test has shown that the quality of the spectral sam-
ple is adequate for determination stellar parameters and abundances. By
studying a larger sample we will provide important constraints for massive
stars evolution in different metallicity environments.
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Fig. 4 Quantitative analysis of A_26 a B2.5I in NGC 55. The figure also shows the stellar
parameters derived for this star: effective temperature (Teff), gravity (log(g)), microtur-
bulence () and silicon abundance (log(Si/H)). The S/N and the resolution are suitable to
perform this study.
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