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ABSTRACT

Aims. The study is aimed at discovering new objects with the B[e] phenomenon in the Large Magellanic Cloud.
Methods. We report medium-resolution optical spectroscopic observations of two newly found (ARDB 54 and
NOMAD 0181−0125572) and two previously known (Hen S–59 and Hen S–137) supergiants with the B[e] phenomenon in
the Large Magellanic Cloud. The observations were obtained with the GMOS spectrograph at the southern Gemini telescope.
Results. The optical spectra and the fundamental parameters of ARDB 54 and NOMAD 0181−0125572 are presented for the first
time. We found that the Balmer line profiles of Hen S–59 and Hen S–137 were different from those observed in their spectra nearly
20 years ago. We suggest a higher effective temperature and luminosity for both objects. With the new fundamental parameters,
the lowest luminosity for known supergiants with the B[e] phenomenon in the Magellanic Clouds is higher that previously thought
(log L/L� ∼ 4.5 instead of 4.0). The object Hen S–59 may be a binary system based on its UV excess, variable B−V color-index and
radial velocity of emission lines, and periodically variable I-band brightness.

Key words. stars: early-type – stars: emission-line, Be – supergiants – techniques: spectroscopic – Magellanic Clouds –
circumstellar matter

1. Introduction

Early-type stars are frequently surrounded by circumstellar
(CS) matter, which causes the presence of line emission and
IR-excesses in their spectra. In addition to permitted lines that
mostly form not far from the stellar surface (e.g., H i), forbid-
den lines (e.g., [O i] and [Fe ii]) may form in the outer parts
of extended CS envelopes/disks. The simultaneous presence of
both types of lines was discovered in the spectra of 65 Galactic
B-type stars nearly 40 years ago (Allen & Swings 1976) and has
been known as the B[e] phenomenon (Conti 1976).

After two decades of studies, it was recognized that this
phenomenon can be observed in objects at various evolutionary
stages (pre-main-sequence Herbig Ae/Be stars, symbiotic bina-
ries, compact planetary nebulae, and supergiants, Lamers et al.
1998) but with similar conditions in the CS environments. It
was also found that nearly half of the originally identified ob-
jects with the B[e] phenomenon were unclassified. Recently,
Miroshnichenko (2007) and Miroshnichenko et al. (2007) sug-
gested that the latter objects are most likely binary systems
with B-type to early A-type primaries in a luminosity range of

� Based on observations obtained at the Gemini Observatory, which
is operated by the Association of Universities for Research in
Astronomy, Inc., under a cooperative agreement with the NSF on behalf
of the Gemini partnership: the National Science Foundation (United
States), the National Research Council (Canada), CONICYT (Chile),
the Australian Research Council (Australia), Ministério da Ciência,
Tecnologia e Inovacão (Brazil) and Ministerio de Ciencia, Tecnología e
Innovación Productiva (Argentina).

(log L/L� ∼ 2.5−4.5) near the end of evolution on the main-
sequence. These authors did not exclude a more evolved na-
ture of the unclassified group, which they called FS CMa type
objects but pointed out to their observational differences with
proto-planetary and young planetary nebulae.

Since some objects with the B[e] phenomenon are quite lu-
minous, studies of emission-line stars in the Magellanic Clouds
led to their discoveries already a decade after the introduction
of the phenomenon. The first object (R 126) with the B[e] phe-
nomenon in the Magellanic Clouds was reported by Zickgraf
et al. (1985). Seven more objects were added by Zickgraf et al.
(1986), another three by Stahl et al. (1989) and Zickgraf et al.
(1989, 1992), and four more by Gummersbach et al. (1995).
Eleven objects reported in these studies were found in the Large
Magellanic Cloud (LMC) and four in the Small Magellanic
Cloud (SMC). All of them are located beyond the main-sequence
and have strong IR excesses due to radiation of CS dust. An
overview of the group is given in Zickgraf (2006). Additionally,
Graus et al. (2012) found three dust-poor supergiants with the
B[e] phenomenon in the SMC. No FS CMa type objects have
been found in the Clouds yet.

The origin of B[e] supergiants is still unclear. Most Galactic
objects of this kind were found to be binaries (see discussion in
Wang et al. 2012), suggesting that interaction between the com-
ponents may lead to formation of CS disks. Only one B[e] su-
pergiant binary, LHA 115–S 6 (R 4), was reported in the SMC by
Zickgraf (2006). Another one, Hen S-18, in the same galaxy was
recently found through analysis of long-term brightness varia-
tions, although no orbit has been determined (Clark et al. 2013).
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Table 1. Positions, photometry, and derived parameters of the observed objects.

Name RA Dec V U − B B − V K J − H H − K E(B − V) Teff MV log L

ARDB 54a 4:54:43.5 −70:21:27.8 12.77 −0.21 0.25 11.55 0.34 0.81 0.15 10000 −6.2 4.57
ARDB 54b 12.71 −0.14 0.22
ARDB 54c 12.71 −0.16 0.25
N181 5:27:47.6 −71:48:52.6 14.24 −0.71 0.10 11.77 0.74 0.98 0.15 17000 −4.7 4.45
Hen S–59a 5:45:29.5 −68:11:45.7 14.02 −1.14 0.49 11.48 0.66 0.96 0.15 19000 −4.9 4.64
Hen S–59d 14.41 −1.00 0.21 11.39 0.71 1.09 0.05 14000 −4.2 4.00
Hen S–137a 5:41:43.7 −69:37:38.3 14.11 −0.69 0.09 11.14 0.90 1.10 0.15 17000 −4.8 4.56
Hen S–137d 14.04 −0.56 0.16 11.11 0.82 1.16 0.17 13000 −5.0 4.20

Notes. Column information: 1 – object ID; 2, 3 – coordinates for the epoch 2000.0; 4–9 – optical and near-IR photometry; 10 – color-excess;
11 – effective temperature in K, 12 – absolute visual magnitude, 13 – luminosity in solar units. The reddenings derived here are discussed in
Sect. 3.2. We assume uncertainties of the Teff of ∼1000 K (2000 K in Gummersbach et al. 1995) and 0.2 dex in the luminosity (the same as in
Gummersbach et al. 1995). The luminosity uncertainty for Hen S–59 is set to 0.3 dex (see Sect. 3). (a) UBV data from Zaritsky et al. (2004) and
JHK data from 2MASS, (b) UBV data from Ardeberg et al. (1972), (c) UBV data from Massey (2002), (d) UBVJHK data, reddening, and absolute
visual magnitudes from Gummersbach et al. (1995).

The entire group of B[e] supergiants in the Magellanic Clouds
has not been studied closely, and its fraction of binaries is still
uncertain.

Properties of B[e] supergiants are similar to those of lumi-
nous blue variables (e.g., strong line emission and IR excess,
close locations on the Hertzsprung-Russell diagram), and these
groups are thought to be evolutionary connected (e.g., Clark
et al. 2013). Another recent explanation of the B[e] phenomenon
in massive evolved stars involves mergers (Podsiadlowski et al.
2006). For example, this model explains the binary system R 4
as a merger from a triple system.

In such an uncertain situation it is important to search for
more objects of this group. We attempted this by positionally
cross-correlating the catalog of optical photometry of the LMC
by Zaritsky et al. (2004) and the 2MASS catalog (Cutri et al.
2003). The selection criteria included slightly reddened color-
indices of B-type stars and IR color-indices of (J−H) ≥ 0.3 mag
and (H−K) ≥ 0.7 mag (Zickgraf et al. 1986). Objects found with
these criteria were identified in the NOMAD1 catalog (Zacharias
et al. 2005). Initial results of this search were published in
Miroshnichenko et al. (2011) and contained a list of ten objects
whose optical and IR positions were separated by less than 3′′. It
turned out that two of these objects positionally coincided with
known B[e] supergiants Hen S–59 and Hen S–137 discovered by
Gummersbach et al. (1995). Nevertheless, new observations of
them are important, because results from only one observational
epoch have been published so far.

Here we report the results of spectroscopic observations of
four objects from the list by Miroshnichenko et al. (2011). The
observations are described in Sect. 2. Analysis of the spectra and
spectral energy distributions are presented in Sect. 3. Our find-
ings are discussed in Sect. 4, and conclusions are given in Sect. 5.

2. Observations

The spectra were obtained with the Gemini South 8.1 m tele-
scope located at Cerro Pachon (Chile) on 7 and 8 October 2011
as part of the Gemini Program ID GS–2011B–Q–81 with Hugo
Levato as principal investigator. We used the Gemini Multi-
Object Spectrograph (GMOS) in the long-slit spectroscopic
mode. The detector was an array of three 2048 × 4608 EEV
chips with a pixel size of 13.5 × 13.5 μm. The dark current

1 NOMAD is a merged version of USNO–B1.0 (Monet et al. 2003)
and 2MASS (Cutri et al. 2003) catalogs.

was ∼3 electrons per hour per pixel measured at −113 C at the
Observatory. We use a grating with 1200 grooves per millimeter.
We used CuAr comparison lamps for the wavelength calibration
of the spectra. The spectral resolving power was ∼4400 with
a slit width of 0.′′5. The spectral coverage was ∼4060−5570 Å
with two gaps around ∼4530 Å and ∼5030 Å due to connec-
tions between the CCD chips.

Four objects from the above list by Miroshnichenko et al.
(2011) were observed. They are NOMAD 0196−0049799
(positionally coincides with ARDB 54, Ardeberg et al. 1972),
NOMAD 0181−0125572 (hereafter N181), NOMAD 0203−
0138943 (positionally coincides with Hen S−137), and
NOMAD 0218−0100858 (positionally coincides with
Hen S–59).

The spectra were reduced using IRAF2 with GMOS particu-
lar packages3. The standard procedure includes bias correction,
cosmic ray cleaning, flatfielding, wavelength calibration and sky
subtraction.

3. Results

Spectra of all the objects revealed the presence of Balmer and
singly ionized permitted metallic lines (mostly Fe ii). There are
also emission lines of [Feii] (Figs. 1 and 2). Therefore, they all
do exhibit the B[e] phenomenon. Additionally, their H−K color-
indices are consistent with the CS dust presence (Fig. 4b), which
accompanies the B[e] phenomenon in most cases (Sect. 1).

Our analysis of the objects’ spectral and photometric prop-
erties led to the following results as described below for each
object separately. The photometric data along with our determi-
nations of the total reddening (combined CS and interstellar in
both the Milky Way and LMC, see discussion in Sect. 3.2) and
absolute visual magnitudes based on the most recent distance
toward LMC (50.0± 1.1 kpc, Pietrzyński et al. 2013) are pre-
sented in Table 1. Additionally, some other data for ARDB 54,
Hen S–59, and Hen S–137 from literature are shown in Table 1
for comparison. The spectral energy distributions corrected for
the derived reddening of the objects are shown in Fig. 3. Their

2 IRAF is distributed by the National Optical Astronomical
Observatories, which is operated by the Association of Universities for
Research in Astronomy, Inc., under a cooperative agreement with the
National Science Foundation.
3 http://www.gemini.edu/sciops/data-and-results/
processing-software
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Fig. 1. Spectra of the four B[e] supergiants in
the Hγ (left panel) and Hβ region (right panel).
Wavelengths are geocentric; intensities are nor-
malized to the underlying continuum.

Fig. 2. The longest wavelength portions of our spectra of the four
B[e] supergiants. The lines shown are either Fe ii or [Fe ii], except those
marked otherwise. Wavelengths and intensities are in the same units as
in Fig 1.

optical and near-IR colors are shown in Fig. 4, and locations in
the Hertzsprung-Russell diagram are presented in Fig. 5.

3.1. Spectra

ARDB 54. This object was first reported by Ardeberg et al.
(1972), who suggested that it might be a multiple or an emission-
line star based on its UBV fluxes. Stock et al. (1976) took an
objective prism spectrum of the star and classified it as B9 ib.
The optical color-indices (see Fig. 4a) as, a nearly equal strength
of the He i 4471 Å and the Mg ii 4482 Å lines (hereafter, we
refer to the spectral line wavelengths in the Earth’s rest frame)
are consistent with this spectral type. This is the lowest temper-
ature object in our sample, and it has the weakest emission-line
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Fig. 3. Spectral energy distributions of the B[e] supergiants. Panel a):
ARDB 54, panel b): N181, panel c): Hen S−137, and panel d):
Hen S−59. The optical UBV photometry for N181, Hen S−59, and
Hen S−137 is taken from Zaritsky et al. (2004); the optical UBVR
photometry for ARDB 54 is taken from Massey (2002), the JHK pho-
tometry is taken from the 2MASS catalog, and the 3.6−8.0 μm Spitzer
photometry (the 4 longest-wavelength points) is taken from the SAGE
survey data (Whitney et al. 2008). The fluxes are corrected for the red-
dening (see text). Solid lines represent theoretical SEDs from Kurucz
(1993). We assumed Teft of 10 000 K for ARDB 54, 16 000 K for N181
and Hen S–137, and 19 000 K for Hen S−59. The fluxes are normalized
to the V-band flux and shown on a logarithmic scale versus logarithms
of wavelengths in microns.

spectrum. Most of the emission lines are detected in the longest-
wavelength part of our spectrum between 5100 and 5500 Å,
where we identified nearly 20 lines of Fe ii, Ti ii, Si ii, and Cr ii
(Fig. 2). All of them do not exceed 10% of the continuum inten-
sity at the peaks. The Fe ii lines of multiplet 42 at 4923.92 Å and
5018.43 Å are blended with absorption lines of He i. Although
our spectra were taken with a moderate resolution, the line
radial velocities are consistent with each other. The average
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Fig. 4. Panel a): A (U−B) ∼ (B−V) diagram. The solid line with pluses
shows the intrinsic color-indices of Galactic supergiants (Straizhys
1977). Color-indices of the objects from Zaritsky et al. (2004) are shown
by filled circles and those from Gummersbach et al. (1995) are shown
by open squares. The line with an arrowhead represents an interstellar
reddening vector for E(U−B)/E(B−V)= 0.65, which is typical for both
the Milky Way and the LMC. Panel b): A (J−H) ∼ (H−K) diagram for
the known supergiants with the B[e] phenomenon in the LMC (pluses)
and the objects from Table 1 (the same symbols as in panel a). The solid
line in the lower left corner represents intrinsic colors of B–type super-
giants; the line with an arrowhead represents an interstellar reddening
vector for E(J − H)/E(H − K) = 2.5 (Wegner 1994).

heliocentric radial velocity for 14 unblended lines of Fe ii, Ti ii,
and Si ii in the spectrum of ARDB 54 is 216± 7 km s−1.

Only one [Fe ii] line at 5184.8 Å was found. The latter does
not mean that ARDB 54 exhibits no B[e] phenomenon. It may be
due to the following: a low effective temperature which suggests
than the CS disk may not be fully ionized, a smaller amount of
CS matter, which is also manifested by a smaller IR excess, as
seen in Figs. 3 and 4, as compared to that around most other B[e]
supergiants; and a limited wavelength range of our spectrum.
The near-IR colors of ARDB 54 are indicative of the presence
of CS dust (Fig. 4b). The latter gives additional support to the
classification of ARDB 54 as a B[e] supergiant.

N181. This object has stronger emission lines than
ARDB 54, although all the observed He i lines are seen in ab-
sorption. The Balmer line profiles exhibit a P Cyg type ab-
sorption but with an additional weak emission peak at −275 ±
5 km s−1 with respect to the main emission peak position. This
secondary peak is most likely due to an interplay of a nearly
edge-on orientation of the CS disk and a certain density distribu-
tion in it (Fig. 1). The blue edge of both Hγ and Hβ is detected at
∼−560 km s−1 from the main emission peak position, indicating
a relatively high wind terminal velocity.

Fig. 5. A (U − B) ∼ (B−V) diagram for a region of the LMC within 20′
around ARDB 54. The photometric data are taken from Massey (2002).
As in Fig. 4a, the solid line shows the intrinsic color-indices of Galactic
supergiants.

We detected several [Fe ii] emission lines in the spectrum
of N181. They all are weaker than the detected Fe ii lines.
The strongest Fe ii line at 5316 Å reaches 1.6 of the contin-
uum intensity at peak (Fig. 2). We identified one of the weak
emission lines that seems to be unblended as that of [N ii]
5237.45 Å (Fig. 2), but this identification requires confirmation
with a higher-resolution spectrum. Overall, permitted metallic
emission lines of N181 are somewhat narrower than those of
the other observed objects. This allowed us to clearly detect
two Mg i emission lines at 5172.68 and 5183.60 Å (the third
lines of this triplet at 5167.32 Å seems to be blended with the
Fe ii 5169.03 Å line). The average heliocentric radial velocity
of 9 Fe ii lines in the spectrum of N181 is 255 ± 4 km s−1. This
value is within the 3-σ uncertainty from those of other metal-
lic lines (absorption He i and emission Mg i) and of the main
emission peaks of Balmer lines.

Hen S–137. The spectrum of Hen S–137 is stronger and
richer in emission lines than that of N181. Although Hγ has a
pure P Cyg profile, Hβ shows a double-peaked emission. This
indicates a higher CS optical depth in Hen S–137 and a similar
viewing angle compared to N181. The blue edge of the Hγ line
is blueshifted by ∼380 km s−1 with respect to the emission peak.
If this is not a projection effect, then the wind terminal veloc-
ity is lower than in N181, thus explaining a higher emission-line
intensity due to a smaller CS density gradient. Nearly the same
optical color-indices suggest similar temperatures and total red-
denings for Hen S–137 and N181. The result that all the observed
He i lines are in absorption is consistent with both effective tem-
perature estimates shown in Table 1 for Hen S–137.

The 5316 Å Fe ii line intensity at peak is nearly twice the
underlying continuum intensity (Fig. 2). This is higher than that
in the spectrum of N 181 and comparable to that in the spec-
trum of Hen S–59. We identified 11 [Fe ii] lines in the ob-
served spectral region. At the same time, our spectrum shows
weaker and slightly different Balmer line profiles compared to
those presented in Gummersbach et al. (1995). The Hγ line
profile in Gummersbach et al. (1995) is double-peaked, while
it has a P Cyg type in our spectrum. This difference is most
likely due to a lower CS gas density at the time of our observa-
tions. At the same time, the average heliocentric radial velocity
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of 8 [Fe ii] lines in our spectrum of Hen S–137 is 258 ± 7 km s−1,
which is very close to 272 ± 5 km s−1 reported for [Fe ii] lines
in the spectrum presented by Gummersbach et al. (1995).

Hen S–59. This object has the strongest Balmer lines in
the sample, the strongest reddening, and the strongest UV ex-
cess. The Hβ line profile in our spectrum (see Fig. 1) has
a similar peak intensity ratio compared to that published by
Gummersbach et al. (1995), but our line intensity is stronger
by a factor of ∼1.5. Our Hγ profile is also stronger and clearly
double-peaked, while it has an irregular shape in the spectrum
from Gummersbach et al. (1995). The latter may be due to a
lower signal-to-noise ratio in their spectrum. The peaks of both
Hβ and Hγ are 170 km s−1 apart in our spectrum. The average
heliocentric radial velocity of 8 [Fe ii] lines in our spectrum of
Hen S–59 is 249 ± 10 km s−1, which is significantly different
from 295 ± 5 km s−1 reported for [Fe ii] lines by Gummersbach
et al. (1995).

Although the Balmer lines are stronger in our spectrum of
Hen S–59 compared to those of Hen S–137 (see Fig. 1, the metal-
lic lines are slightly stronger in our spectrum of the latter object.
The IR excess is also a bit stronger in Hen S–137 (see Table 1),
reflecting a larger amount of CS dust around it.

3.2. Reddening and stellar parameters

To correctly determine the objects’ effective temperature and lu-
minosity, both interstellar and CS reddening need to be taken
into account. The rich emission-line spectra may affect the ob-
served color-indices and introduce an additional optical and
near-IR continuum. Since Gummersbach et al. (1995) have al-
ready addressed these problems for Hen S–59 and Hen S–137,
we use some of their results and critically evaluate some others
in the light of our new data.

Oestreicher et al. (1995) mapped the interstellar reddening
in the foreground of the LMC and showed that it varies from
AV = 0 to 0.15 mag with an average of 0.06 ± 0.02 mag. Using
these results, Gummersbach et al. (1995) found that this part of
the reddening toward Hen S–59 and Hen S–137 was E(B− V) =
0.04 and 0.03 mag, respectively. The values are smaller than the
color-excesses of any of our objects formally determined from
their observed (B − V) color-indices and intrinsic ones for any
of the B-subtypes (see Fig. 4a). We only roughly estimate the
foreground reddening and that within the LMC, because the in-
terstellar extinction laws in the optical range are very close in
both galaxies (e.g., Gordon et al. 2003).

Fundamental parameters of the B[e] supergiants in the
Magellanic Clouds were typically determined by fitting model
spectral energy distributions to the IUE spectra and UBV pho-
tometry (Zickgraf et al. 1986; Gummersbach et al. 1995).
After the foreground extinction removal, the IUE data were
used to determine the extinction within either the Large or the
Small Cloud. This procedure assumes no CS contribution to the
UV part of the spectrum and in all cases leads to a CS redden-
ing of ∼0.2−0.3 mag in the B − V color-index. The latter seems
natural due to the presence of the CS matter, but a CS contribu-
tion can also affect the UV part allowing for systematic errors in
determining the fundamental parameters.

The amount of interstellar extinction within the LMC is not
easy to derive. The interstellar dust distribution was described
as patchy with E(B − V) from 0 to 0.2 mag for stars in a
range of the dereddened visual brightness of V0 = 12−14 mag
(Isserstedt 1975). Our inspection of the UBV photometry of B-
type stars around the studied objects (typically within 10′−20′)

from catalogs by Massey (2002) and Zaritsky et al. (2004) shows
mostly small reddening of E(B − V) ∼ 0.1 mag. All the regions
contain a few stars with E(B − V) that are larger than those
of our objects due to effects of both interstellar and CS mat-
ter. There are also stars with UBV colors that are bluer than the
intrinsic ones. This effect may be due to an unaccounted back-
ground emission (a high density of stars) or to the presence of
unresolved stellar companions. A color-color diagram for stars
around ARDB 54 is shown in Fig. 5 as an example. As seen in
this plot, ARDB 54 is the most reddened star in this region that
points to the presence of a CS reddening, which is still small to
significantly alter the observed optical color-indices.

Based on the above analysis, we assume a total interstel-
lar reddening for all the objects to be E(B − V) = 0.15 mag
(0.05 mag for the foreground component and 0.10 mag for the
one within the LMC). This approach sets the CS reddening at
E(B− V) = 0.10 mag for ARDB 54, N181, and Hen S–137. The
CS reddening for Hen S–59 is less certain because of its photo-
metric variability discussed below.

A more consistent method of deriving both the reddening and
fundamental parameters is to model the spectral line profiles and
spectral energy distributions, but it has been shown that neither
of the models explored so far (e.g., equatorial wind produced by
bi-stability and Keplerian viscous disk) can explain the observed
IR excesses satisfactorily (Porter 2003). Therefore, we rely on
the dereddened optical color-indices and the spectral line content
when estimating the stellar parameters.

Gummersbach et al. (1995) derived the fundamental param-
eters of Hen S–59 and Hen S–137 using the method described
above. As one can see now, both objects show variations of their
optical color-indices, which is not surprising for supergiants
with strong winds. The case of Hen S–59 is very pronounced.
It shows not only a large U-band excess in both optical data
sets (see Table 1) but also a change in the optical color-indices
that is inconsistent with the reddening vector (Fig. 4a). Since the
IUE spectra discussed in Gummersbach et al. (1995) were taken
about seven months after the optical photometry, fitting both sets
of data to one model simultaneously may not be appropriate. The
same suggestion may apply to Hen S–137, although the change
of its color-indices is not that strong.

The simplest case of our four objects seems to be ARDB54.
Its color-indices, although altered by a little CS reddening, are
consistent with the ratio of the strengths of the He i 4471 Å
to the Mg ii 4482 Å line (see Sect. 3.1) and with very weak
He i lines at 4120, 4143, and 4387 Å (Lennon et al. 1993). The
weak emission-line spectrum also implies a small contribution
of the CS gas to the observed continuum.

The other three objects exhibit emission-line spectra of a
similar excitation. In particular, the equivalent widths of the
He i lines at 4120, 4143, and 4387 Å are very similar. They also
exhibit a weak Mg ii 4481 Å lines in emission. The He i 4471 Å
and the C ii 4267 Å lines look nearly the same in the spectra
of N181 and He S–137 (equivalent widths of 0.55 and 0.13 Å,
respectively). This is consistent with an early-B spectral type ac-
cording to the data by Lennon et al. (1993) for Galactic B-type
supergiants with a caution that our objects may have weaker ab-
sorption lines due to the CS contribution.

For N181, a combination of the spectrum and the opti-
cal color-indices suggests that its spectral type is B3–4 and
an effective temperature of Teff ∼16 000−18 000 K. Close lo-
cations of N181 and Hen S–137 in the (U − B) ∼ (B − V)
plane (Fig. 4a), along with similar spectral features suggest close
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effective temperatures. The observed optical color-indices imply
a little contribution from the CS matter for these two objects.

Compared to N181 and Hen S–137, stronger Balmer lines in
the spectrum of Hen S−59 may imply a higher effective tem-
perature and/or a larger amount of CS gas. The former ex-
planation seems to be more viable, because the He i 4471 Å
line in Hen S–59 is the weakest of all in our sample that may
be due to its partial filling with emission. The IR excess of
Hen S−59 due to both its free-free/free-bound and dust emission
is also weaker than those of N181 and Hen S−137 (see Fig. 3).
Therefore, the spectrum of Hen S−59 is more consistent with an
earlier B-subtype than it was suggested by Gummersbach et al.
(1995). Helium lines typically turn into emission in stars ear-
lier than B2 (e.g., Zickgraf et al. 1986; Miroshnichenko 2007).
Therefore, we suggest that the spectral type of Hen S−59 is
B2−3 (Teff ∼18 000−20 000 K).

4. Discussion

As shown above, the four observed objects have both emission-
line spectra and IR excesses. They are located beyond the
main-sequence on the Hertzsprung-Russell diagram (Fig. 5) and,
therefore, are supergiants. Three of them (except for the bright-
est one, ARDB 54) were recently observed by the Spitzer Space
Observatory in the course of the SAGE survey of the LMC in
a spectral range of 3–8 μm (Whitney et al. 2008). These data
are shown in Fig. 3, along with the previously obtained photom-
etry. The 2MASS and SAGE data are consistent with each other
and confirm the dusty nature of the IR excesses. Although the
photometric data cover a relatively large range of wavelengths
and the spectra were obtained with a high enough resolution,
we attempt modeling of neither the spectral energy distributions
nor the spectral line intensities because of a non-simultaneity of
the data and the photometric and spectral variations discussed
above.

The presence of the dusty IR excess allows some flex-
ibility in interpretation. The object N181 (also known as
SAGE 052747, van Aarle et al. 2011) was observed spectroscop-
ically by the Spitzer Space Observatory (Gielen et al. 2011).
The latter authors found a broad silicate emission feature at
10 μm that is similar to those observed in post-AGB stars and
classified N181 as such an object. Neither the optical photome-
try nor the optical spectrum were considered in this work. The
conclusion was solely based on the IR data. However, an ear-
lier Spitzer spectroscopy of two B[e] supergiants in the LMC,
R66 and R126, by Kastner et al. (2006) showed silicate emis-
sion features very similar to those observed in the spectrum of
N181 and post-AGB stars. Therefore, based on our optical spec-
trum and the derived fundamental parameters, we can suggest
that N181 is much more likely a B[e] supergiant rather than a
post-AGB object.

Our adjustments to the reddening and fundamental param-
eters of Hen S–59 and Hen S–137 changed their positions in
the Hertzsprung-Russell diagram (Fig. 6). Nevertheless, both ob-
jects still reside in the post-main-sequence domain along with
other supergiants that show the B[e] phenomenon. With the new
parameters, their initial mass is close to 25 M� rather than to
∼10 M� as suggested by Gummersbach et al. (1995). In this
case the lower boundary for the luminosity of B[e] supergiants
with dusty IR excess in the Magellanic Clouds moves from
log L/L� ∼ 4.0 to ∼4.5. The three dust-poor supergiants found
by Graus et al. (2012) in the SMC have luminosities in the range
log L/L� = 4.4−4.8, which are near the lower boundary, but
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Fig. 6. A Hertzsprung-Russell diagram for supergiants with the B[e]
phenomenon in the LMC. The solid lines are the zero-age main-
sequence and evolutionary tracks for single stars at the LMC metallicity
from Schaerer et al. (1993). The tracks are shown for the initial masses
of 15, 25, 40, 60, and 80 M� from the lowest to the highest, respec-
tively. Symbols: filled circles – objects from Zickgraf et al. (1986), filled
squares – objects from Gummersbach et al. (1995) including Hen S–59
and Hen S–137 with fundamental parameters from that paper, and open
diamonds – objects from this paper (see Table 1).

still consistent with it. Observations of fainter stars with IR ex-
cesses (e.g., from Miroshnichenko et al. 2011) should constrain
this limit better.

A photometric monitoring of Hen S–59 as part of a gravi-
tational lensing search program OGLE reported by Soszynski
et al. (2009) resulted in finding periodic brightness variations in
the I-band. The object’s OGLE variable ID is LPV–83573, and
its variations were detected with a period of 83.4 days and an
amplitude of ΔI ∼ 0.3 mag. This may be a manifestation of
binarity of Hen S–59. The object also exhibits variations of the
B − V color-index, 0.2 mag in Gummersbach et al. (1995) and
0.4 mag in Zaritsky et al. (2004), and a variable emission line ra-
dial velocity (see Sect. 3.1). Additionally, the strong UV excess
(U − B ∼ −1.0 mag) may indicate that the secondary compan-
ion is a fainter and hotter star. If such a companion does exist
and contributes to the observed flux in the optical region, then
both fundamental parameter sets derived by Gummersbach et al.
(1995) in this paper will have to be reconsidered. Multicolor
photometric monitoring is needed to clarify these issues.

5. Conclusions

We presented optical medium-resolution spectroscopy of four
early-type stars from the LMC. Two of them, Hen S–59 and
Hen S–137, are recognized supergiants with the B[e] phe-
nomenon discovered by Gummersbach et al. (1995), who ob-
tained their optical spectra nearly 20 years ago. Our new spectra
confirm the presence of the B[e] phenomenon in these objects
and show a noticeable variability in the Balmer line profiles.
Spectral parts redward of λ = 5200 Å are presented here for
the first time (see Fig. 2).

We re-estimated the fundamental parameters of Hen S–59
and Hen S–137 based on the line excitation in their optical spec-
tra and compare with spectra of other similar objects. As a re-
sult, we assign a spectral type B2–3 to Hen S–59 and B3–4 to
Hen S–137, instead of B5 and B6 in Gummersbach et al. (1995),
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respectively. This change along with the reddening adjustment
moved these objects closer to the main-sequence and toward
higher luminosities, implying a higher initial mass of ∼20 M�
(see Fig. 6). Nevertheless, the new parameters have to be consid-
ered with caution, as the CS contribution to the observed color-
indices and brightness is still uncertain.

Periodical variations of Hen S–59 discovered in the OGLE
program (Soszynski et al. 2009) in combination with the UV ex-
cess and variable B − V color-index and radial velocity may be
signs of binarity of this object. So far only two binary B[e] super-
giants are known in the Magellanic Clouds (Zickgraf 2006), but
most of the Galactic objects of this type are recognized binaries
(Wang et al. 2012).

The other two observed objects are ARDB 54 and N181.
We confirm the spectral type of B9 i previously assigned to
ARDB 54 (Stock et al. 1976) and show that it has an IR ex-
cess due to CS dust and the B[e] phenomenon. We also found
that the optical spectrum of N181 is very similar to those of
Hen S–59 and Hen S–137. This similarity and the position on the
Hertzsprung-Russell diagram prompts us to suggest that N181 is
also a B[e] supergiant and not a post-AGB object, as was con-
cluded by Gielen et al. (2011).

Further spectral observations and contemporaneous photo-
metric observations are needed to properly estimate the CS con-
tribution to the objects’ spectral energy distributions and refine
their fundamental parameters. Observations of fainter objects
(e.g., Miroshnichenko et al. 2011) are important to constrain the
luminosity range of B[e] supergiants in the Magellanic Clouds
and to search for less luminous counterparts (FS CMa type ob-
jects) that have only been recognized in the Milky Way so far.
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