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ABSTRACT

Context. B[e] supergiants are massive post-main-sequence stars, surrounded by a complex circumstellar environment where molecules
and dust can survive. The shape in which the material is distributed around these objects and its dynamics as well as the mechanisms
that give rise to these structures are not well understood.
Aims. The aim is to deepen our knowledge of the structure and kinematics of the circumstellar disc of the B[e] supergiant LHA
120-S 35.
Methods. High-resolution optical spectra were obtained in three different years. Forbidden emission lines, that contribute to trace the
disc at different distances from the star, are modelled in order to determine the kinematical properties of their line-forming regions,
assuming Keplerian rotation. In addition, we used low-resolution near-infrared spectra to explore the variability of molecular emission.
Results. LHA 120-S 35 displays an evident spectral variability in both optical and infrared regions. The P-Cygni line profiles of H I,
as well as those of Fe II and O I, suggest the presence of a strong bipolar clumped wind. We distinguish density enhancements in the
P-Cygni absorption component of the first Balmer lines, which show variations in both velocity and strength. The P-Cygni profile
emission component is double-peaked, indicating the presence of a rotating circumstellar disc surrounding the star. We also observe
line-profile variations in the permitted and forbidden features of Fe II and O I. In the infrared, we detect variations in the intensity of
the H I emission lines as well as in the emission of the CO band-heads. Moreover, we find that the profiles of each [Ca II] and [O I]
emission lines contain contributions from spatially different (complete or partial) rings. Globally, we find evidence of detached multi-
ring structures, revealing density variations along the disc. We identify an inner ring, with sharp edge, where [Ca II] and [O I] lines share
their forming region with the CO molecular bands. The outermost regions show a complex structure, outlined by fragmented clumps
or partial-ring features of Ca II and O I. Additionally, we observe variations in the profiles of the only visible absorption features, the
He I lines.
Conclusions. We suggest that LHA 120-S 35 has passed through the red-supergiant (RSG) phase and evolves back bluewards in the
Hertzsprung-Russell diagram. In this scenario, the formation of the complex circumstellar structure could be the result of the wind–
wind interactions of the post-RSG wind with the previously ejected material from the RSG. The accumulation of material in the
circumstellar environment could be attributed to enhanced mass-loss, probably triggered by stellar pulsations. However, the presence
of a binary companion cannot be excluded. Finally, we find that LHA 120-S 35 is the third B[e] supergiant belonging to a young stellar
cluster.

Key words. stars: individual: LHA 120-S 35 – supergiants – stars: peculiar – stars: massive – circumstellar matter – Magellanic
Clouds
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vacão (Brazil) and Ministerio de Ciencia, Tecnología e Innovación
Productiva (Argentina), under the programme GS-2013B-Q-6 (PI: L.
Cidale), (5) the Southern Astrophysical Research (SOAR) telescope,
which is a joint project of the Ministério da Ciência, Tecnologia, e Ino-
vação (MCTI) da República Federativa do Brasil, the U.S. National
Optical Astron. Obs. (NOAO), the University of North Carolina at
Chapel Hill (UNC), and Michigan State University (MSU) and (6) the
ESO Science Archive Facility.

Article published by EDP Sciences A113, page 1 of 16

http://www.aanda.org
https://doi.org/10.1051/0004-6361/201731723
mailto:atorres@fcaglp.unlp.edu.ar
http://www.edpsciences.org


A&A 612, A113 (2018)

1. Introduction
The importance of studying massive stars in astrophysics is evi-
dent as they play an important role in the galactic evolution.
These stars may show strong mass-loss rates, which affect
their own evolution, as well as the chemistry and dynamics
of their surrounding medium. Sometimes the released material
is accumulated forming circumstellar envelopes with particular
physical conditions that lead to the development of the B[e]
phenomenon. The mean properties of this phenomenon are the
noticeable emission lines in the optical spectra of B-type stars,
typically low-excitation permitted and forbidden transitions in
neutral or low-ionized metals, and a strong infrared excess due
to hot circumstellar gas and dust (Conti 1997). The B[e] phe-
nomenon appears in many different stages of evolution, ranging
from the pre-main-sequence to the planetary nebula or super-
giant stages (Lamers et al. 1998).

Our interest is focused on B[e] supergiant stars (B[e]SGs),
that constitute a homogeneous group among evolved stars that
show the B[e] phenomenon. The study of this particular group
can shed light on a short post-main-sequence evolutionary phase
characterized by strong mass-loss rates. The ejected material of
B[e]SGs shows two different regions: a fast polar wind structure
and either a Keplerian or slow expanding equatorial disc or
ring. The disc configuration has been confirmed by polarimetric
and interferometric observations (Magalhaes 1992; Oudmaijer
& Drew 1999; Melgarejo et al. 2001; Magalhães et al. 2006;
Domiciano de Souza et al. 2007; Millour et al. 2011; Cidale
et al. 2012). These discs provide ideal conditions for molecule
formation and dust condensation (Kraus et al. 2000; Stahl 2001).

The number of B[e]SGs known nowadays is very small: two
in M31, 15 in the Magellanic Clouds, and around 15 candidates
in our Galaxy (Kraus 2009; Levato et al. 2014; Kraus et al. 2014),
and although some of them are well studied many questions still
remain unclear. So, an exhaustive research on a particular object
can give us significant information about the physical properties
of the circumstellar medium that could help in a near future to
infer global properties of this particular group. To achieve this
goal, we chose LHA 120-S 35, a poorly studied star of the Large
Magellanic Cloud (LMC).

LHA 120-S 35 was identified as S 35 by Henize (1956) in his
catalogue of Hα emission stars and nebulae. Gummersbach et al.
(1995) classified this object as a B[e] supergiant and derived
the following stellar parameters: Teff = 22 000 K, log g = 3.0,
E(B − V) = 0.06, L∗ = 1.6 × 105 L�, R∗ = 28 R�, and a
ZAMS mass of M∗ ∼ 22 M�, based on the fitting of theoretical
fluxes to the observed stellar continuum from the ultraviolet
to the infrared. They also analysed a high-resolution optical
spectrum and reported the presence of permitted and forbidden
emission lines (of Fe II, Ti II, Cr II, [Fe II], and [S II]), as
well as strong Balmer lies with complex P Cygni-type profiles.
From archival observations of the Far Ultraviolet Spectrographic
Explorer (FUSE), Penny & Gies (2009) estimated the projected
rotational velocity, v sin i = 159 km s−1. Bonanos et al. (2009)
presented its spectral energy distribution from 0.3 µm to 24 µm,
showing infrared features that confirmed the presence of dust.
Infrared emission at 70 µm was also detected. Recently, this star
was included in the K-band SINFONI (Spectrograph for INte-
gral Field Observations in the Near Infrared) survey presented
by Oksala et al. (2013), who reported the first detection of the
CO band head emission at 2.3 µm. Assuming that CO molecules
are located in a narrow ring around the star, they found from
model fittings to the observed CO band head emission a CO
column number density of NCO ∼ 2 × 1021 cm−2 and a temper-
ature of TCO ∼ 3000 K. This temperature is much lower than

the CO dissociation temperature (5000 K) and suggests that the
material may be located in a detached disc structure (Liermann
et al. 2010). Oksala et al. (2013) also noticed the presence of
13CO lines and derived a 12C/13C ratio of around ten and inter-
preted that LHA 120-S 35 is close to entering the red supergiant
phase or perhaps evolving bluewards after this phase.

In this work we report on the unpublished spectral
appearance of LHA 120-S 35 longwards to 5200 Å which pro-
vides valuable additional information to the understanding of
this peculiar object. The paper is organized as follows: in Sect. 2,
we present our optical and infrared observations; in Sect. 3, we
present an analysis of the main spectral features; in Sect. 4, we
model the kinematics of the circumstellar material. In Sect. 5
we discuss our results in the context of possible scenarios and
present our conclusions.

2. Observations

2.1. Optical spectra

Two high-resolution optical spectra of LHA 120-S 35
(R ∼ 45 000) were obtained on 15 November 2008, with the
echelle spectrograph at the 2.5-m du Pont Telescope at Las Cam-
panas Observatory (LCO) in Chile. We selected the following
configuration: a 1 × 4 arcsec slit and a Tek5 2k × 2k CCD
detector, with a pixel size of 24 µm, and a 2 × 2-pixel bin-
ning. The spectral coverage ranges from 3600 Å to 9200 Å. The
exposure time was 2400 s for each spectrum, obtaining a signal-
to-noise ratio (S/N) per pixel in the 5500 Å region of ∼60. Data
were reduced using standard IRAF1 tasks. Spectra were bias
subtracted, flat-field normalized, and wavelength calibrated.

Four high-resolution optical spectra of LHA 120-S 35 were
acquired on 3 December 2014 and 4 December 2015 (two spectra
per night) with the Fiber-fed Extended Range Optical Spectro-
graph (FEROS), attached to the MPG/ESO 2.2-m telescope at
La Silla Observatory, Chile. FEROS is a bench-mounted echelle
spectrograph, which provides data with a resolving power
R ∼ 48 000 and a spectral coverage from 3600 Å to 9200 Å.
An EEV 2k × 4k CCD detector with a pixel size of 15 µm
was used. The exposure time of each spectrum was 1300 s.
The spectra were added to achieve a better S/N. The final S/N
was ∼30 per pixel in the 5500 Å region. The reduction pro-
cess was performed using the FEROS standard on-line reduction
pipeline.

An additional pipeline-processed 1-D spectrum was retrie-
ved from the ESO Science Archive Facility, which was obtained
with FEROS on 26 November 2015. The exposure time was
2000 s and the final S/N was ∼11.5 per pixel in the 5500 Å
region.

A standard star was observed in each night of 2008 and
2014 for telluric correction, which was performed using standard
IRAF tasks. For the FEROS data from 2015 a telluric template
from another night was applied.

We complemented these observations with an echelle
spectrum (R ∼ 12 600) taken with a REOSC spectrograph
attached to the 2.15-m telescope at the Complejo Astronómico
El Leoncito (CASLEO), Argentina, on 27 November 2012. The
adopted instrumental configuration was a 316 l/mm grating, a
350 µm slit width, and a Tek 1k × 1k CCD detector, binned in
2 × 2. The spectrum covers the wavelength range 5800–9100 Å.
1 IRAF is distributed by the National Optical Astronomy Observato-
ries, which are operated by the Association of Universities for Research
in Astronomy, Inc., under cooperative agreement with the National
Science Foundation.

A113, page 2 of 16



A. F. Torres et al.: Resolving the clumpy circumstellar environment of the B[e] supergiant LHA 120-S 35

Fig. 1. FEROS spectrum from
2014 covering 3800–5200 Å. Main
emission lines are indicated. He I
lines are in absorption.

Fig. 2. FEROS spectrum from
2014 covering 7700–9000 Å. Main
emission lines are indicated. Two
absorption features are visible, one
could be attributed to a diffuse
interstellar band (DIB) while the
other remains unidentified.

The exposure time was 2100 s with a resulting S/N per pixel of
∼6 in the region around 6000 Å. We followed a standard reduc-
tion process using IRAF tasks. As the S/N and the resolution of
the CASLEO spectrum are considerably lower than those from
the other spectra, we decided to include in this work only the Hα
region.

2.2. Near infrared spectra

High-quality low resolution spectra (R ∼ 1200, S/N ∼ 100) of
LHA 120-S 35 were taken in the HK bands (12 500 – 25 000 Å)
using the FLAMINGOS-2 spectrograph on the 8.1-m telescope

at the Gemini South Observatory (Cerro Pachón, Chile) on 21
November 2013. The spectra were taken in the longslit mode
using the HKG0806 filter with the HKG5802 grism centered at
1.871 µm. In order to remove the sky background, an ABBA
nodding along the slit was required. A cycle of four ABBA
sequences was performed. Immediately after, the late B-type
star HIP 24337 (close to the target in position and airmass)
was observed for telluric absorption correction. Late B- or early
A-type standards are generally selected because the only intrin-
sic features they exhibit are neutral hydrogen lines. Flats were
also acquired for flat fielding. The data were reduced with
IRAF/Gemini tasks. We generated a telluric template to correct
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Fig. 3. Very complex P-Cygni profiles of the first Balmer lines seen in the spectrum of LHA 120-S 35 on a velocity scale relative to
Vsys = 308 km s−1. The spectrum in red dash-dotted line was taken at LCO in 2008, while the ones in black solid, cyan dashed and green
dash-dotted lines correspond to the observations acquired at ESO in 2014, November 2015 and December 2015, respectively. In the Hα plot, we
also included the spectrum acquired at CASLEO in 2012 in magenta dashed line. This colour coding will be used in the rest of the plots. The central
absorption of the double-peaked emission component of the Hα, Hβ, Hγ and Hδ lines is at ∼−25 km s−1, −17 km s−1, −13 km s−1 and −11 km s−1,
respectively (indicated by a vertical dotted line).

the science stellar spectrum using the telluric IRAF task. The
spectra were wavelength calibrated using the standard telluric
star.

An additional observation was secured on 22 November
2012, with OSIRIS (the Ohio State InfraRed Imager/
Spectrometer) at the Southern Astrophysical Research (SOAR)
4.1-m telescope (Cerro Pachón, Chile). The spectrum was taken
in cross-dispersion mode using the f/2.8 camera and a 1024
× 1024 HAWAII HgCdTe array, covering the spectral range
between 12 500 and 23 000 Å with a low spectral resolution
(R ∼ 1200). The reduction procedure was done with IRAF
tasks, following the same steps than those already mentioned for
FLAMINGOS-2 observations.

3. Description of the observed main spectral
features

3.1. In the optical

LHA 120-S 35 presents a rich optical emission-line spectrum
dominated by hydrogen lines as well as permitted and forbidden
transitions of singly-ionized elements (such as Fe II, Ti II, S II,
Ca II) and neutral atoms, like O I. The only absorption features
are the He I lines. Figures 1 and 2 show the main spectral features
in the ranges of 3800–5200 Å and 7700–9000 Å , respectively.

The blue portion of the spectrum (3800–5200 Å) resem-
bles the one previously reported by Gummersbach et al. (1995).
When comparing the same wavelength range (4450–4560 Å)
covered by our observations in 2008 and by Gummersbach et al.
(1995, cf. their Fig. 2) we find no changes in shape and intensity
for the main spectral features.

Hydrogen. Figure 3 shows the high-resolution spectra of the
first Balmer lines (Hα, Hβ, Hγ and Hδ) taken with the echelle
spectrograph of the du Pont telescope in 2008 and with FEROS
in 2014, November 2015 and December 2015. The spectrum
acquired at CASLEO in 2012 is included in the Hα plot. The
most conspicuous feature of the whole spectrum is the Hα line,
which shows a double-peaked emission profile with a deep cen-
tral absorption component at ∼−25 km s−1 and a violet-to-red
ratio V/R < 1, this value being smaller for the November 2015
spectrum. The red emission peak is at ∼+21 km s−1 and the
blue one at ∼−61 km s−1, on a velocity scale relative to the
systemic velocity Vsys = +308±3 km s−1, which was derived
by Gummersbach et al. (1995). A zoom of the Hα wings can
be seen in Fig. 4. Three narrow absorption components (NACs)
are observed on the blue wing of the emission line at around
−120 km s−1, −226 km s−1 and −388 km s−1 in the du Pont spec-
trum and at around −196 km s−1, −246 km s−1, and −342 km s−1

in the FEROS spectrum from 2014 (indicated by arrows in
Fig. 4), while in both spectra from 2015 only two dips are
noticeable at around −158 km s−1 and −277 km s−1. In the
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Fig. 4. Zoom of the very complex profile of the Hα line of LHA
120-S 35. A deep central absorption component at ∼−25 km s−1 is
indicated by a vertical dotted line. Narrow absorption components are
marked with arrows on the 2014 FEROS spectrum. The [N II] λλ 6548,
6583 lines are labelled. The same colour coding used in Fig. 3 is applied
for Figs. 4–11.

Fig. 5. Example of the Paschen series lines (Pa23, Pa22, Pa21 and Pa20
lines, from left to right) of LHA 120-S 35. The sharp and narrow com-
ponents seen on the left of the wide profiles could be related to the LMC
background diffuse emission.

lower resolution CASLEO spectrum, two NACs are also clearly
distinguishable at around −267 km s−1 and −359 km s−1. These
features seem to move across the blue wing of the line.

The profiles of the rest of the first Balmer lines display
a complex P-Cygni structure with its blue edge reaching
a value of up to −438 km s−1. Similar to the Hα line,
the emission component presents two peaks at a mean
wavelength of ∼+12 km s−1 and ∼−40 km s−1. The blue-shifted
central absorption moves to higher velocities as we consider
lower members of the series. In addition, NACs are detectable,
especially in the spectrum from 2014, superimposed on the
bottom of the profile’s absorption trough of the Hβ line at
∼−151 km s−1 and ∼−322 km s−1 and of the Hγ and Hδ lines
at ∼−143 km s−1, ∼−223 km s−1 and ∼−301 km s−1. The high

Fig. 6. Comparison of the shape of three He I lines of LHA 120-S 35
seen in the du Pont and FEROS spectra on a velocity scale relative to
Vsys. Changes in the blue wing of He I λλ 4471 and 5876 lines are clearly
observed.

members of the Balmer series exhibit typical P-Cygni features
which are observed up to H22. Regarding the medium-resolution
spectrum published by Gummersbach et al. (1995), the overall
shape and intensity of the Balmer lines are the same as in the du
Pont spectra.
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Fig. 7. Example of forbidden and permitted Fe II lines. The plots show the [Fe II] λ 4287 line and three permitted lines of the multiplet 42 at
λ 4924 Å (blended with the He I λ 4922 line), λ 5018 Å (blended with the He I λ 5016 line) and λ 5169 Å on a velocity scale relative to Vsys. The
multiplet 42 transitions display complex P-Cygni profiles, clearly seen in the du Pont and 2015 Nov FEROS spectra.

Fig. 8. Na I lines at λλ 5889, 5895 Å of LHA 120-S 35 seen in the du
Pont and FEROS spectra. The doublet has different velocity components
related to different formation regions (see text for more details about the
labels).

Hydrogen Paschen lines are observed in pure emission up
to n = 31 with a velocity relative to Vsys close to zero. The
full width at half maximum (FWHM) of the lines ranges from
75 km s−1 to 165 km s−1, the spectrum from November 2015 pre-
senting the widest lines. The line intensities in the spectrum from
2014 are higher than the ones from 2008 and 2015 (see Fig. 11),
particularly the ones from November 2015 are the lowest. How-
ever, the intensities of the Paschen lines turn to be similar at the
end of the series (see Fig. 5), indicating that these lines form in
denser and, therefore, inner regions of the envelope.

Helium. The He I lines are in absorption. The He I λ 4388
singlet shows a complex structure (blended with the Ti II λ 4387
transition) and remains unchanged throughout all epochs, even
in the poorest quality spectrum from November 2015 (where no
global changes are observed whatsoever). Conversely, noticeable
variations are observed in the line depth and the shape of the
blue wing of He I λ 4471 and λ 5876 triplets (see Fig. 6). The
He I λ 4471 line observed in the spectrum of the year 2008
resembles the one reported by Gummersbach et al. (1995), who

identified the emission feature seen in the blue wing of the
He I line as the Ti II λ 4468 transition. The change in the blue
wing of the He I λ 5876 line profile is clearly detected in all
spectra, even between the 2015 FEROS spectra obtained approx-
imately one month apart. The He I λ 4922 and λ 5016 singlets
are blended with the complex P-Cygni profiles of Fe II (42) mul-
tiplet (see Fig. 7), whose complex structure is blurred in the
2015 FEROS spectra. None of our spectra displays the He II
λ 4686 line.

Iron. The spectrum is rich in both Fe II and [Fe II] emission
lines. The FWHMs of Fe II and [Fe II] lines are about 85–
105 km s−1 and 17–25 km s−1, respectively. In Fig. 7, the [Fe II]
λ 4287 line and three Fe II transitions of multiplet 42 are shown.
The last ones show complex P-Cygni features (clearly seen
in the du Pont spectra and November 2015 FEROS spectra)
with remarkable variations in the intensity of the absorption
component.

Sodium. Several components are identified in the D1 and
D2 lines (see Fig. 8). The absorption components 1 and 3 could
be originated in the galactic interstellar medium (ISM). Their
apparent complex feature could be the result of their blending
with the night sky lines (components 2). Two broad components
in emission (components 5) with a radial velocity similar to the
systemic velocity, ∼308 km s−1, are also seen, probably arising
from the circumstellar environment; their profiles do not show
temporal variations. Finally, an absorption component (compo-
nent 4) at ∼277 km s−1 is clearly detected superimposed to the
second broad emission feature (D2 line). Since its radial velocity
is close to the velocity of the LMC, this component 4 could
be related to the LMC interstellar medium. The corresponding
component 4 of the D1 line could be blended with the complex
galactic ISM feature at λ 5895 Å (component 1).

Oxygen. The spectra show prominent single-peaked
emission lines of [O I] λλ 6300, 6364 Å with FWHMs of
∼24 km s−1 in the du Pont data and ∼19 km s−1 in the FEROS
observations; these lines in the spectrum taken in 2014 are
the most intense (see Fig. 9). The [O I] λ 5577 line is also
visible and it seems not to show sensitive variations in strength
(we excluded from the analysis the one corresponding to the
November 2015 spectrum because it is very noisy). However, its
FWHM ranges from ∼28 km s−1 in the FEROS spectrum from
2014 to ∼44 km s−1 in the rest of the spectra. The well-known
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Fig. 9. Emission lines of [O I] at λλ 5577, 6300 and 6364 Å of LHA 120-S 35 seen in the du Pont and FEROS spectra. We did not include in the
analysis the [O I] λ 5577 line corresponding to the FEROS spectrum acquired in November 2015 because it is very noisy.

forbidden lines of O III at λλ 4959 and 5007 Å are absent. The
strongest line of [O II] at λ 7319 Å is also not present.

In the red spectral region, the permitted O I λ 8446 triplet is
the most remarkable emission feature, which could be attributed
to a Ly β fluorescence mechanism (Jaschek et al. 1993; Mathew
et al. 2012). It is slightly blended with the Pa18 line (λ 8438 Å ).
Between the years 2008 and 2014, the line has increased its
intensity by more than a factor of two, decreasing in the follow-
ing year to about 40% of the maximum value and increasing
again by more than 10% of this value in approximately one
month. On the other hand, the O I triplet at λ 7772-75 Å shows
a P-Cygni line profile with a weak emission. Figure 10 shows
the variation in the P-Cygni absorption component of the triplet,
which in the FEROS spectra of 2014 and November 2015 appears
partially refilled by emission.

Calcium. The forbidden transitions of Ca II at λλ 7291,
7324 Å are clearly detected in emission. The [Ca II] λ 7291
line is variable and presents a double-peaked profile with a
peak separation of ∼21 km s−1 from du Pont spectrum and an
average of ∼33 km s−1 from FEROS spectra, with a notable
width ranging from ∼110 to 50 km s−1 in average, respectively
(top left panel of Fig. 11). Since [Ca II] doublet arises in a
region of strong telluric pollution, it is difficult to obtain reliable
measurements, especially if the lines are weak and the tellurics
cannot properly be removed; such is the case of the [Ca II]
λ 7324 line (not shown here).

The near-infrared triplet of Ca II λλ 8498, 8542, 8662
presents strong double-peaked emission features blended with
the Paschen lines at λ 8502 Å , λ 8545 Å and λ 8665 Å ,
respectively (see Fig. 11). While hydrogen lines exhibit a
noticeable intensity variation in 2014 with respect to the
spectrum from 2008, the Ca II triplet shows a small intensity

change, except for the weak calcium profiles registered in
November 2015.

Nitrogen and sulphur. The [N II] λ 5754 and [N II] λ 6584
lines are also present in emission, but the [N II] λ 6548 line is
only seen in the spectra acquired in 2014 and 2015 (see Fig. 4).
The N III triplet at λλ 4634 , 4640 , 4642 Å is absent in all our
spectra. The transitions of [S II] at λλ 4069, 4076 Å are present
in emission in all spectra as well as the transitions at λλ 6717 ,
6731 Å , although the last ones are very weak.

Titanium oxide. From ∼6162 Å to 6181 Å a broad and weak
emission feature can be detected in all epochs (see Fig. 12) with
similar strength. In previous works a similar structure, clearly
observed in four B[e]SGs belonging to the Magellanic Clouds,
was associated to a TiO band emission (Zickgraf et al. 1989;
Torres et al. 2012; Kraus et al. 2016).

3.2. In the near-infrared

HK-band spectra of LHA 120-S 35 were taken with the OSIRIS
and FLAMINGOS-2 spectrographs on November 2012 and
2013, respectively. The good-quality FLAMINGOS-2 spectrum
displays the hydrogen Paα and Paβ lines in a prominent emis-
sion (see Fig. 13). The Brackett series lines are also visible in
emission, up to the n = 22 transition.

Moreover, the FLAMINGOS-2 spectrum shows the O I
λ 1.316 µm and the Fe II λ 1.687 µm lines. A weak absorption
feature is also observed near 2.058 µm that corresponds to He I.
Around the Paα line, the spectrum appears noisy, which could
be related to a residual of the telluric correction process since
at 1.9 µm there is an intense telluric water band. In the same
way, the broad emission feature at 1.36 µm could be a result
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Fig. 10. Top panel: line profile of the O I λ 7772-75 triplet on a veloc-
ity scale relative to Vsys. Bottom panel: comparison of the strength and
shape of the permitted transition of O I λ 8446.

of the difficulty in removing the intense telluric band at 1.4 µm
completely.

Additionally, weak CO first overtone band emission is
detected where the following 12CO band heads can be identified:
2-0 (2.294 µm), 3-1 (2.323 µm), 4-2 (2.352 µm), 5-3 (2.383 µm).
Weak emission of the hydrogen Pfund series is observed in the
CO band region as well.

Strong variability in the strength of the hydrogen lines
and CO bands is detected when comparing the OSIRIS to the
FLAMINGOS-2 spectra, taken almost one year later. Figure 14
shows that in spite of the poor quality of the OSIRIS spectrum
the intensity of the Brackett lines is weaker than that observed
in the spectrum of FLAMINGOS-2 but conversely the Paβ line
appears more than twice stronger. Regarding the CO bands in
the OSIRIS spectrum, there does not seem to be any clear signs
of emission. We cannot assert if the emission is either extremely
weak or absent due to both the low resolution of the spectrum
and the poor telluric correction beyond 2.2 µm (see Fig. 14).

4. Circumstellar gas variability

We collected optical and near-IR spectra of high, moderate and
low spectral resolution of LHA 120-S 35. All this information

Fig. 11. Comparison of the strength and shape of the [Ca II] λ 7291 and
the Ca II λλ 8498, 8542, 8662 emission lines seen in the du Pont data
and in FEROS spectra from 2014 and 2015. The Ca II triplet lines are
blended with the Paschen lines Pa16, Pa15 and Pa13, respectively.

Fig. 12. Detection of a weak TiO band emission in the high-resolution
optical spectra of LHA 120-S 35. The TiO feature from the November
2015 data is not included since it is very noisy.

allowed us to trace the kinematical properties of atomic and
molecular gaseous emitting regions and discuss their variability.
We assumed that the ejected mass from the star accumulates
in a disc-like circumstellar structure and analysed its properties
considering a Keplerian rotating disc.
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Fig. 13. Flux-normalized infrared
spectrum of LHA 120-S 35 obser-
ved with the FLAMINGOS-2 spec-
trograph. The plot shows the Paβ
and Paα prominent emission lines.
The hydrogen Brackett series, the
band heads of 12CO and some other
individual lines are indicated.

4.1. The CO band head emission

The resolution of our near-IR spectra is too low to resolve the
kinematics of the CO emitting region. However, to quantify the
information of these data we proceeded in the following way. We
considered the medium resolution SINFONI spectrum published
by Oksala et al. (2013), in which a CO band head emission
at 2.3 µm was detected for the first time. This observation
corresponds to February 2012 and was interpreted using a
non-rotating disc model. However, generally, it is assumed that
the disc formation around B[e]SGs is related to fast rotation
of the central stars. Thus, in order to improve Oksala et al.’s
fit, we recomputed the physical parameters of the emitting CO
gas assuming a rotating disc model. We applied the numerical
codes developed by Kraus et al. (2000) and Kraus (2009). We
considered that the CO emission arises from a thin ring in LTE
in a rotating disc, where the ring temperature TCO, column
density NCO (along the line-of-sight), and rotational velocity Vrot
projected to the line-of-sight are constant. We computed both
the 12CO and 13CO emission spectra. Additionally, the hydrogen
Pfund series emission spectrum was modelled using the code
developed by Kraus et al. (2000). We assumed the Pfund lines
are optically thin and in LTE, which is valid if the emitting
material originates either in a wind or a shell. We computed the
spectral lines using a pure Gaussian profile with a line width of
30 km s−1 that then was convolved considering the SINFONI
instrumental resolution. Figure 15 (left panel) displays the
best-fit model to the SINFONI first overtone spectrum, which
was obtained with the following physical parameters: NCO = 2.5
± 0.5 × 1021 cm−2, TCO = 2500 ± 200 K, Vrot = 35 ± 5 km s−1,
a microturbulent velocity of Vturb = 5 ± 1 km s−1 and a ratio
of 12C/13C = 12.5 ± 2.5. These parameters are similar to the
ones obtained by Oksala et al. (2013), although the temperature
value is a bit smaller. However, we should emphasize that from
medium and low resolution data, we can only determine an upper
limit for the Keplerian projected rotational velocity of the CO

gas. This estimation is the maximum possible value that Vrot can
reach in our computations before the theoretical spectrum begins
to display features that are not observed in the SINFONI data.

Then, we convolved the best-fit CO model to the resolution
of the FLAMINGOS-2 spectrum and overplotted it to the
FLAMINGOS-2 data which were taken almost two years after
the acquisition of the SINFONI spectrum done by Oksala et al.
(2013). This comparison is shown in the middle panel of Fig. 15.
Obviously, this model overestimates the observations. However,
if we reduce the CO emission to 55% of its value in the
SINFONI spectrum, without changing the Pfund emission, we
reproduce the FLAMINGOS-2 CO band spectrum well enough
(right panel). Therefore, we concluded that the intensity of the
CO emission decreased in 2013, while the width of the band
head seemingly did not change (at least not noticeable in our
low-resolution spectra), which means that the rotational velocity
of the emitting CO gas probably remained the same.

4.2. Modelling optical forbidden emission lines

One interesting property of the forbidden lines is that they are
optically thin, hence their profiles carry the full kinematical
information of their line-forming regions. Decoding this infor-
mation from the [Ca II] λ 7291 and [O I] λλ 5577, 6300 line
profiles is useful to trace the ionized and neutral atomic disc
regions close to the star. Previous investigations have shown that
both the CO emission bands and the forbidden lines of Ca II
and O I might share their forming regions, which can usually be
described with a detached Keplerian rotating disc or ring model
(Kraus et al. 2016; Maravelias et al. 2017). Therefore, to con-
strain the kinematical properties of the forbidden line-forming
regions in LHA 120-S 35, we applied a purely kinematical model
(Aret et al. 2016; Kraus et al. 2016), assuming that the emission
originates from the same Keplerian rotating ring used in
Sect. 4.1 to describe the CO emission bands. Thus, we computed
a rotationally broadened line profile considering a projected
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Fig. 14. Comparison of the flux-normalized infrared spectra of
LHA 120-S 35 taken with the OSIRIS (in red solid line) and
FLAMINGOS-2 (in dash-dotted black line) spectrographs. Despite of
the poor S/N of the OSIRIS data, it can be seen that while the Paβ line
is more than twice stronger than in the FLAMINGOS-2 spectrum, the
Brackett series emission lines are weaker.

rotational velocity Vrot ∼ 35 km s−1. We convolved this velocity
considering a Gaussian component, Vgauss, to model an extra
broadening due to thermal and microturbulent motions of the
gas (of a few km s−1) and the instrument’s spectral resolution.

If we compare the computed theoretical profile to the
observed [Ca II] λ 7291 line profiles from both the du Pont and

FEROS spectra, we can see that the same (or a very similar)
velocity component as for the CO ring seems to be present,
as well as at least one more component that is required to fit
the profiles properly (see Fig. 16). Therefore, to reproduce
simultaneously the FWHM of the observed lines, the separation
between peaks and the wings, we considered a multi-ring model
composed by several concentric rings, each ring characterized
by the following two parameters: Vrot and Vgauss.

A good fit was obtained to the [Ca II] λ 7291 line profile
for the du Pont spectra (see left panel of Fig. 17), considering
a model composed by three individual gas rings with different
rotational velocities. The same multi-ring model also fitted well
the [O I] line profiles (see middle and right panels of Fig. 17),
considering two individual rings with the sets of parameters
given in Table 1, where we list Vrot and Vgauss in cols. 3 and 4,
respectively.

The [O I] λ 5577 line profile from the FEROS observations
(see Fig. 18) was also well reproduced by a multi-ring model
consisting of two rings, but with different sets of parameters
than the ones obtained for the du Pont profile fits. However,
the theoretical profile resulting from a multi-ring model did not
match the observed [Ca II] λ 7291 line profiles from FEROS
data. Likewise, the [O I] λ 6300 line profiles could not be fitted
considering a model with homogeneous concentric rings, even
by varying the number of rings and/or their rotational velocities.
To solve these discrepancies, it was necessary to consider partial
ring structures to describe the emitting region components.
Figures 19 and 20 show the good fits obtained for the [O I]
λ 6300 and [Ca II] λ 7291 line profiles, respectively. The best
fitting parameters are given in Table 1, where we also list the
shape of the ring components (col. 5), either complete or partial,
indicating in the last case the angle subtended by each ring
segment, and the minimum and maximum projected rotational
velocities used as integration limits of each ring component
(cols. 6 and 7, respectively).

We can summarize our results as follows. The gaseous
equatorial disc where the forbidden emission lines of O I and
Ca II (and the molecular emission of CO) originate, shows
regions of alternating density that form ring-like structures,
either complete or fragmented. In some cases, the separation
among these structures is not completely clear due to the large
ring widths, since Vgauss may reach some km s−1 beyond spectral
resolution. We highlight four main emitting regions in Keplerian
rotation as constituents of our model.

From the fitting to the du Pont spectra, we can identify
four major emitting rings with projected rotational velocities
spanning the ranges 36–32 km s−1, 22–20 km s−1, 17–11 km s−1,
and 3–1 km s−1. The [Ca II] λ 7291 emission line originates in
the first three regions close to the star. The location of the [O I]
λ 5577 line-forming regions coincides with the location of the
first and third [Ca II] forming regions, while the [O I] λ 6300
line forms in the outermost two regions.

By fitting FEROS observations, we recognize a different
disc spatial and kinematical configuration. The contribution of
partial ring segments or fragmented clumps in Keplerian rotat-
ing regions is revealed. However, on comparing the modelling
for both set of observations, we have to consider that the du
Pont data were binned and thus have a lower resolution than the
FEROS data. This may yield differences in the line profile shapes
and thus different modelling results. Nevertheless, the possibility
of a real change in the ring’s structure might not be discarded.

The 2014 forbidden emission lines indicate the presence
of four distinct emitting regions with projected rotational
velocities of ∼37–35 km s−1, ∼23–21 km s−1, ∼18–9 km s−1 and

A113, page 10 of 16

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201731723&pdf_id=0


A. F. Torres et al.: Resolving the clumpy circumstellar environment of the B[e] supergiant LHA 120-S 35

Fig. 15. Left panel: best model fit (in red) to the SINFONI CO band spectrum (in black), assuming a rotating CO ring scenario. Middle panel:
comparison between the FLAMINGOS-2 CO band spectrum (in black) and the SINFONI’s best model fit (in red). The synthetic spectrum has been
convolved to FLAMINGOS-2 resolution. Right panel: comparison between the FLAMINGOS-2 CO band spectrum (in black) and the SINFONI’s
best model fit (in red), in which the emission was reduced to 55% of its value in the SINFONI spectrum, while the Pfund emission was not altered.

∼3–1 km s−1. Our results suggest that the inner forming-region
of [Ca II] line is a complete ring, while the second one seems to
be a ring segment. The third emitting region, where both Ca II
and O I coexist, seems to present clumped structures. Finally,
the outermost region, where the O I emission contributes to the
forbidden transition at λ 6300 Å, looks like a fragmented ring
segment.

For the 2015 FEROS data, we obtain more or less the same
distinct multi-ring structure, although for the November spec-
trum we only modelled the [O I] λ 6300 emission line, since
the [O I] λ 5577 and the [Ca II] λ 7291 lines are distorted by the
noise. We distinguish the first (∼37–35 km s−1) and third (∼17–
9 km s−1) regions observed in 2014. The second (∼26–22 km s−1)
looks like an inhomogeneous ring with the coexistence of Ca II
and O I, which contributes to the [O I] λ 5577 emission. The
fourth outermost partial ring (∼3–1 km s−1) gives rise, as before,
to the [O I] λ 6300 line.

The good matches between the computed profiles and the
observed data showed a trend with respect to the multi-ring con-
figuration: while the outermost rings are partial, the innermost
are complete. It seems that the rings fragment or dissolve as they
are getting older.

5. Discussion and conclusions

LHA 120-S 35 displays not only spectral variations but also
photometric variability. Its V-band light curve, downloaded from
the ASAS-3 Photometric V-band Catalogue (Pojmanski 2002),
is displayed in Fig. 21. The data span a time interval of nine
years, from November 2000 to November 2009. We checked the
quality of each data point and kept only those that were labelled
as quality A. The final number of reliable measurements were
thus reduced to 517 values. These are shown in Fig. 21 with
their corresponding errorbars. We performed a period analysis
with the AOV Periodogram Routines (Schwarzenberg-Czerny
1989, 1996; Schwarzenberg-Czerny & Beaulieu 2006) and we
did not find any reliable period to describe the variations. This
could be due to the contamination of the photometry by a nearby
star separated less than 12 arcsec, which is not resolved by
the ASAS aperture photometry. However, a sort of long period
(P > 1750 d) oscillation may be present in the V-band light curve
of LHA 120-S 35 on which there may be overlapping irregular
light variations with amplitudes of about 0.2 mag, reaching up
to ∼0.7 mag in some sporadic points. Traditionally, it has been
considered that B[e]SGs show little or no photometric variations

Fig. 16. Comparison between the observed [Ca II] λ 7291 line profile
from the du Pont and 2014 FEROS spectra (top and bottom panels,
respectively) and a computed theoretical profile considering a single
ring model. Assuming the same rotational velocity as for the CO ring
(Vrot = 35 km s−1), the broadest part of the [Ca II] λ 7291 line profile
could be reproduced (data shown in black line, and the model in red).

(Zickgraf et al. 1986; Lamers et al. 1998). However, the increase
in the number of photometric observations not only has enlarged
the observed B[e]SG sample but also has improved the temporal
distribution of the data. From this, it was possible to find that
the photometric behaviour of some B[e]SGs disagrees with the
historical picture as, for example, in LHA 115-S 18 which is
highly variable on multiple timescales with amplitudes ranging
from ∼0.1 to 1.0 mag (van Genderen & Sterken 2002; Clark et al.
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Fig. 17. Model fits to the [Ca II] λ 7291 (left panel), [O I] λ 5577 (middle panel) and [O I] λ 6300 (right panel) line profiles corresponding to the
du Pont data. The computed profiles (in red lines) were obtained combining different emitting rings (in other colours) with different projected
Keplerian rotational velocities (see Table 1).

Table 1. Best-fit model parameters to the forbidden line profiles for LHA 120-S 35.

Spectra Line Vrot Vgauss Ring structure Vmin
rot Vmax

rot
(km s−1) (km s−1) (km s−1) (km s−1)

2008 du Pont
[O I] λ 5577 34.0 ± 2 12.5 ± 2 Complete −34.00 34.00

13.0 ± 2 12.5 ± 2 Complete −13.00 13.00
[O I] λ 6300 12.0 ± 1 12.5 ± 1 Complete −12.00 12.00

2.0 ± 1 12.5 ± 1 Complete −2.00 2.00
[Ca II] λ 7291 34.0 ± 1 12.5 ± 1 Complete −34.00 34.00

21.0 ± 1 12.5 ± 1 Complete −21.00 21.00
16.0 ± 1 12.0 ± 1 Complete −16.00 16.00

2014 FEROS
[O I] λ 5577 16.0 ± 2 12.5 ± 2 Complete −16.00 16.00

11.0 ± 2 12.5 ± 2 Complete −11.00 11.00
[O I] λ 6300 12.0 ± 1 12.5 ± 1 Complete −12.00 12.00

10.0 ± 1 6.5 ± 1 Partial (90◦) 0.00 10.00
2.0 ± 1 6.5 ± 1 Partial (10◦) −2.00 −1.96

[Ca II] λ 7291 36.0 ± 1 12.5 ± 1 Complete −36.00 36.00
22.0 ± 1 6.5 ± 1 Partial (170◦) −22.00 21.66
15.0 ± 1 9.5 ± 1 Complete −15.00 15.00

Nov 2015 FEROS
[O I] λ 5577 ... ... ... ... ...
[O I] λ 6300 15.0 ± 1 12.5 ± 1 Complete −15.00 −15.00

10.0 ± 1 6.5 ± 1 Partial (90◦) 0.00 10.00
2.0 ± 1 6.5 ± 1 Partial (10◦) −2.00 −1.96

[Ca II] λ 7291 ... ... ... ... ...
Dec 2015 FEROS

[O I] λ 5577 24.0 ± 2 12.5 ± 2 Complete −24.00 24.00
14.0 ± 2 12.5 ± 2 Complete −14.00 14.00

[O I] λ 6300 16.0 ± 1 12.5 ± 1 Complete −16.00 16.00
10.0 ± 1 6.5 ± 1 Partial (90◦) 0.00 10.00
2.0 ± 1 6.5 ± 1 Partial (10◦) −2.00 −1.96

[Ca II] λ 7291 34.0 ± 1 12.5 ± 1 Complete −34.00 34.00
24.0 ± 1 6.5 ± 1 Partial (170◦) −23.63 24.00
16.0 ± 1 9.5 ± 1 Complete −16.00 16.00

2012 SINFONI
CO bands ≤ 35.0 ± 5 5.0 ± 1 Complete −35.00 35.00

Notes. The last line shows the best-fit model parameters to the CO emission bands.
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Fig. 18. Model fits to the [O I] λ 5577 line profiles corresponding to
the FEROS data (2014 and December 2015 data, top and bottom pan-
els, respectively). The [O I] λ 5577 line from November 2015 FEROS
spectra could not be modelled since it is very noisy.

2013a; Maravelias et al. 2014), the B[e]SG/X-ray binary CI Cam
which showed evidence of variability both in the X-ray outburst
and in quiescence (Clark et al. 2000), VFTS 698 with photomet-
ric variations of ∼0.6 mag on timescales ranging from days to
years (Dunstall et al. 2012) and MWC 349A with periodic vari-
ations of ∼0.6 mag in amplitude (Yudin 1996; Jorgenson et al.
2000). It is important to remark that all these stars are proposed
or considered as members of binary systems (Clark et al. 2013a;
Bartlett et al. 2013; Kim & Taam 2012; Sallum et al. 2017) while
the binary nature of LHA 120-S 35 is still inconclusive.

Spectroscopic variations are observed in both the optical
and infrared wavelength ranges. Basically all optical lines dis-
play variabilities in shape and/or strength. The most pronounced
changes are seen in the forbidden and permitted O I lines, these
lines being more intense in 2014. Similarly, the [Fe II] lines show
strong variability with the 2014 spectra displaying the highest
intensity.

The spectroscopic analysis of LHA 120-S 35 suggests that
the star has a strong and variable bipolar clumped wind, which
is revealed throughout the P-Cygni line profiles of H I, Fe II and
O I. Density enhancements moving across the wind are seen
superimposed to the absorption P-Cygni profiles (NACs) in the
first Balmer lines at different velocities, showing variations in
both intensity and velocity. NACs features in the optical lines
were also seen in the luminous blue variables (LBVs). Groh
& Vink (2011) modelled the moving NACs seen in the LBV
AG Car and explained their behaviours due to abrupt changes
in the wind-terminal velocity, associated to the bi-stability jump.

This jump is related to a change in the degree of ionization in the
wind (Vink 2000) which is caused by the recombination of Fe IV
to Fe III. However, observations of early B SGs showed that there
is a gradual decrease in the wind terminal velocities as a func-
tion of effective temperature, instead of a ‘jump’ (Crowther et al.
2006), and that the mechanism of bi-stability could be present
among stars with temperatures ranging between 18 000 K and
23 000 K (Markova & Puls 2008). The effective temperature of
LHA 120-S 35 (22 000 K, Gummersbach et al. 1995) falls into
this range, so a similar phenomenology could take place in this
star.

Additionally, the double-peaked features seen in the emission
component of the Balmer P-Cygni profiles with the blue-shifted
central absorption suggest the presence of a slow outflowing
rotating circumstellar disc. A similar global structure composed
by an equatorial disc perpendicular to a bipolar flow has been
proposed to interpret the observations at millimeter and radio
wavelengths for the B[e]SGs MWC 349 (Danchi et al. 2001;
Tafoya et al. 2004) and Wd1-9 (Fenech et al. 2017) and the
optical and infrared observations of MWC 137 (Kraus et al.
2017).

The shape of the Paschen lines seems to indicate a two-
component forming region as well, a weak but broad, maybe
double-peaked profile underneath a narrower single-peaked
profile, where the first might come from the disc or rings and
the second from the wind. Considering that intensity changes
are only observed in the lower members of the Paschen series,
which are formed in much outer regions than the higher mem-
bers, they might be influenced by the clumpy structure of the
rings.

In the outer part of this disc, we found spectroscopic evi-
dences of detached multi-ring structures with density variations
along the disc. The inner ring has a sharp edge where [Ca II]
and [O I] lines share their forming region with the CO molecular
bands. The outermost regions show a complex structure, with
fragmented clumps and/or partial-ring features traced by Ca II
and O I. The shape of these complete and partial extended ring
structures together with their dynamics (apparent expansion,
fragmentation, re-formation at high velocities within short
time scales) reminds of (spiral) density waves that can be
excited in circumstellar discs via gravitational forces and which
have been observed in planetary systems (e.g. Shu 2016 and
references therein) and in protoplanetary discs (e.g. Fukagawa
et al. 2004; Pérez et al. 2016). However, our observational data
set is too sparse to confirm such a scenario and to identify
its possible mechanism amongst which are the interaction
with a companion, planet-disc interaction, or gravitational
instabilities.

In order to interpret the spectroscopic variations of the for-
bidden lines, our model computations were performed assuming
Keplerian (complete or partial) ring-like structures located in
the equatorial plane. However, this scenario is not unique. The
observed ring segments could be the result of the projection
onto the sky plane of a three-dimensional structure (for example,
an hourglass nebula) with density enhancements. If we consider
that LHA 120-S 35 is an evolved object displaying a circum-
stellar environment that is oxygen-rich and contains a large
amount of dust, the formation of such an hourglass-like structure
might result from wind–wind interactions of the current wind
of the star in its presumable post-red supergiant (post-RSG)
state with previously ejected material from the RSG (Chita
et al. 2008). However, in this case an hourglass-like structure
can only be achieved if the wind is not spherically symmetric
anymore.
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Fig. 19. Model fits to the [O I] λ 6300 line profiles corresponding to the FEROS spectra (2014, November 2015 and December 2015 data, left,
middle and right panels, respectively). The computed profiles (in red line) were obtained combining different emission structures with different
projected Keplerian rotational velocities (see Table 1).

Fig. 20. Model fits to the [Ca II] λ 7291 profiles corresponding to
the FEROS spectra (2014 and December 2015 data, top and bot-
tom panels, respectively). The computed profiles (in red line) were
obtained combining different emission structures with different pro-
jected Keplerian rotational velocities (see Table 1). The [Ca II] λ 7291
line from November 2015 FEROS data could not be modelled since it is
very noisy.

Interestingly, Davies et al. (2007) suggested that the direct
successors of RSGs, the yellow hypergiants (YHGs), change
their mass-loss behaviour from spherical to axisymmetric during
their passage through the instability domain called Yellow Void.
This change results in the formation of an equatorial disc and a

Fig. 21. ASAS-3 V-band light curve of LHA 120-S 35. Although no
reliable period was found to describe the variations, a sort of long
period (P > 1750 d) oscillation may be present on which there may be
overlapping irregular light variations with amplitudes of about 0.2 mag.

bipolar wind, and it is assumed that YHGs appear as B[e]SGs
after they reach the blue edge of the instability domain (Davies
et al. 2007; Aret et al. 2017). The YHGs pulsations are believed
to trigger the enhanced mass-loss (de Jager 1998). Whether such
a scenario also holds for the B[e]SGs cannot be firmly said.
However, Kraus et al. (2016) recently postulated that the B[e]SG
LHA 120-S 73 displays indications for pulsation activity based
on the observed He I line profile variability. Inspection of the
profiles of the He I λ 5876 line, which seems to be the only
unblended absorption line in the optical spectrum of LHA 120-
S 35 reveals that this line also shows variability in its profile that
might originate from stellar pulsations.

Alternatively, even though evidence indicative of bina-
rity has not yet been found in LHA 120-S 35, a Roche lobe
overflow phase in an interacting binary or a colliding-wind
binary system could also be suitable scenarios to analyse the
complex circumstellar ring-like (and possibly spiral) structures
of LHA 120-S 35, as for example in RY Scuti (Smith et al. 2011)
or Wd1-9 (Clark et al. 2013b). However, emission in key lines
attributed to binarity as N III λλ 4634–42 and He II λ 4686 is not
seen, conversely to what was detected in B[e]SGs known to be
binaries like LHA 115-S 18 (Clark et al. 2013a) and HD 38489
(Massey et al. 2014). The He II λ 4686 line is highly variable in
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Fig. 22. Top panel: representative colour RGB WISE image
(∼26 × 13 arcmin2) of LHA 120-S 35 and its surroundings
made from images at 4.6 µm (in blue), 12 µm (in green)
and 22 µm (in red) with an angular resolution of 6.4, 6.5
and 12.0 arcsec, respectively. Bottom panel: 2MASS K-band
image (∼4.7×2.4 arcmin2) showing LHA 120-S 35 (indicated
by a cross) along with the neighbouring star Sk -66 98, which
remains unresolved in the WISE image. Both images are
orientated north up and east to the left.

Fig. 23. Hertzsprung–Russell diagram showing the position of
LHA 120-S 35. The evolutionary tracks for a rotating massive star with
20 M� and 25 M� taken from Ekström et al. (2012) are plotted in green,
from which we obtained by interpolation the evolutionary track for a
star with 22 M� (in grey). These tracks correspond to solar metallicity
Z = 0.014. An isochrone of log t = 7.0 is shown in red.

LHA 115-S 18, and it is relevant to highlight that it may even
disappear at certain times (Torres et al. 2012). Furthermore, the
orbital motion in a binary system could also cause variations in
the line-profiles. Unfortunately, the data gathered in this work is
not enough to make a deep analysis.

Therefore, to unveil the proper scenario for the circumstellar
material distribution, high spatial resolution images would
be required. However, this is a difficult task, especially for
stars located outside the Milky Way, and currently available
images from the WISE (Wide-field Infrared Survey Explorer)
and Spitzer space telescopes are of too low spatial resolution
to provide reasonable information about the environment of

LHA 120-S 35. Figure 22 (top panel) shows a WISE image of
a field containing LHA 120-S 35, composed by observations
obtained with three of the four infrared detectors aboard the
satellite (Wright et al. 2010). The composite image shows in blue
the infrared light at 4.6 µm (W2 band), which is mainly from
background stars. The light at 12 µm (W3 band) and 22 µm (W4
band), arising primarily from warm dust, is represented by green
and red, respectively. Figure 22 (bottom panel) shows a 2MASS
K-band image, revealing the presence of a neighbouring star
of LHA 120-S 35 at ∼12 arcsec separation, Sk -66 98, which is
unresolved on the WISE image. LHA 120-S 35 has been iden-
tified with the infrared source SL 482-IR1 that was classified
by van Loon et al. (2005) as a hot and dusty object with a
Teff = 20 000 K and log (L/L�) = 5.19. These authors consider
SL 482-IR1 as a member of the young stellar cluster SL 482
(also named as LMC 1015) with a cluster age of log t = 7.2 ±
0.24 (van Loon et al. 2005). Other authors estimated different
values for the cluster age ranging from log t = 7.6 to 8.0 (Glatt
et al. 2010; Ko et al. 2013; Bitsakis et al. 2017). Comparing the
position of LHA 120-S 35 in the Hertzsprung-Russell diagram to
the evolutionary track of a massive star with ∼22 M� (Ekström
et al. 2012), we corroborated that an isochrone of log t = 7.0 can
reconcile the cluster age derived by van Loon et al. (2005) with
the position of a post-RSG object (see Fig. 23). However, this
result needs to be taken with caution, since the tracks computed
by Ekström et al. (2012) consider solar metallicity. So, for a low
metallicity LMC star this scenario can be different. On the other
hand, van Loon et al. (2005) also reported that SL 482-IR1 has
IR colours similar to other low-excitation planetary nebulae,
and they modelled the IR spectral energy distribution assuming
an oxygen-rich silicate dust shell envelope with a Tdust = 750 K,
which might be detached. However, both the B[e]SGs and the
planetary nebulae are in the same locus on the J − H/H − Ks
colour-colour diagram (Oksala et al. 2013; Reid 2014), which
makes it difficult to assign a classification to the star based on
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its infrared colours. But, as the luminosity of LHA 120-S 35
is higher than the one expected for low-excitation planetary
nebulae in the MCs (Kaler & Jacoby 1991), we can discard its
classification as a planetary nebula. Therefore, if we consider the
classification of SL 482-IR1 as a B[e]SG and the age inferred
by van Loon et al. (2005), LHA 120-S 35 would be the third
B[e]SG known up to now belonging to a young stellar cluster.
Recently, the LHA 120-S 35 membership to the cluster SL 482
has been discussed by Bitsakis et al. (2017), who were able
to determine the members of the star cluster using a robust
decontamination technique, providing a probability of more
than 92% that LHA 120-S 35 is member of the cluster. The
previously reported B[e]SGs associated to open clusters are:
LHA 120-S 111, which belongs to the compact cluster NGC 1994
of the LMC (Melgarejo et al. 2001; Lortet & Testor 1988) and
Wd1-9, which is a member of the massive Galactic stellar
cluster Westerlund 1 (Clark et al. 2013b; Fenech et al. 2017). The
small number of B[e]SGs found in stellar clusters is reasonable
taking into account that their lifetime in this post-main-sequence
phase is relatively short.

Finally, to determine the proper rotation velocity of the
different gas tracers and to study the evolution of the inhomo-
geneities along the circumstellar structure as well as the origin
of the variability of the absorption line-profiles, high-resolution
observations regularly taken are needed.
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