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ABSTRACT
LHA 115-S 18 is a very peculiar emission-line star exhibiting the B[e] phenomenon.
Located in the Small Magellanic Cloud, its spectrum shows features of an extremely
wide range of excitation and ionization stages, extending from highly ionized atomic
lines (Si iv, C iv, He ii) in the UV and optical regions to molecular emission bands of
CO and TiO in the optical and IR regions. The most distinguishing spectral charac-
teristic of LHA 115-S 18 is the high variability detected in the He ii λ4686 emission
line, which can be a very conspicuous or completely invisible feature.

In this work, we report on another peculiarity of LHA 115-S 18. From high-
resolution optical spectra taken between 2000 and 2008, we discovered the appearance
and strengthening of two emission features at λ6825 Å and λ7082 Å , which we iden-
tified as Raman-scattered lines. This is the first time these lines have been detected
in the spectrum of a massive luminous B[e] star. As the classification of LHA 115-S
18 is highly controversial, we discuss how the discovery of the appearance of Raman-
scattered lines in this peculiar star might help us to solve this puzzle.
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1 INTRODUCTION

Understanding the B[e] phenomenon is a constant chal-
lenge in stellar astrophysics. This phenomenon character-
izes B-type stars exhibiting in the optical spectral range
a rich low-excitation emission-line spectrum dominated by
Balmer lines, narrow permitted emission lines of predom-
inantly singly ionized metals, forbidden emission lines of
[Fe ii] and [O i], and a strong near or mid-infrared excess that
provides evidence for hot circumstellar dust. The classifica-
tion for B[e] stars proposed by Lamers et al. (1998) reveals
that the B[e] phenomenon can be observed in emission-line

⋆ Based on observations taken with 1) ESO Telescopes at La
Silla Observatory, Chile, under the programmes 076.D-0609(A)
and 080.A-9200(A), and 2) du Pont Telescope at Las Campanas
Observatory, Chile, under the programme CNTAC 2008-02, PI:
Barbá
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stars of different evolutionary stages. It does not only exist
in post-main sequence stars, as B[e] supergiant and compact
planetary nebulae B[e] stars, but also in pre-main sequence
objects as HAeB[e] stars. Symbiotic systems, which consist
of a hot star, typically a white dwarf, and a cool red giant
companion, also show the B[e] phenomenon at some stage
in their evolution. Furthermore, a group of B[e] objects re-
mains unclassified, exhibiting properties that are common
to more than one class.

LHA 115-S 18 is a really striking object displaying the
B[e] phenomenon. Located at the Small Magellanic Cloud,
this extreme emission-line star was identified as S 18 by
Henize (1956) and classified as a B[e] supergiant by Zickgraf
et al. (1989), who derived the following stellar parameters:
Teff = 25 000 K, log g = 3.0, E(B − V ) = 0.4, L∗ = 3.0 -
4.6 × 105 L⊙, R∗ = 33 - 36 R⊙, and a ZAMS mass of M ∼

35 - 40 M⊙. Although there is a general agreement that
LHA 115-S 18 is a massive post-main sequence object, its
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nature remains unclear, it has also been proposed as possible
luminous blue variable (LBV), α Cygni variable, planetary
nebulae or symbiotic star (Lindsay 1955; Sanduleak 1978;
Morris et al. 1996; Massey & Duffy 2001; van Genderen &
Sterken 2002). Its spectrum is characterized by a great vari-
ety of features, as well as an extreme variability. Features of
an extremely wide range of excitation and ionization stages,
extending from highly ionized atomic lines (Si iv, C iv, He ii)
in the UV and optical regions to molecular emission bands
of TiO and CO in the optical and IR regions, have been re-
ported (Azzopardi & Breysacher 1979; Shore & Sanduleak
1982; Shore et al. 1987; Zickgraf et al. 1989; Morris et al.
1996; Nota et al. 1996). A strong IR-excess has also been
detected and attributed to thermal reradiation by circum-
stellar dust (Kastner et al. 2010, Bonanos et al. 2010). In ad-
dition, strong spectral variations have been observed in the
H i Balmer series lines, which have shown pure emission-line
as well as P Cygni-type profiles (Lindsay 1955; Azzopardi
et al. 1975, 1981; Zickgraf et al. 1989). However, the most
puzzling variability has been reported for He ii λ4686 line,
which can be a very conspicuous feature at some epochs,
and at others be completely absent (Sanduleak 1978).

In this Letter we report the discovery of Raman-
scattered lines in the peculiar emission-line star LHA 115-S
18. This is the first time these lines have been detected in
the spectrum of a massive luminous B[e] star. As the stel-
lar classification of LHA 115-S 18 is highly controversial,
we discuss how the discovery of the appearance of Raman-
scattered lines might help us to solve this puzzle. The Letter
is organized as follows. In Section 2, we describe our spec-
troscopic observations. In Section 3, we present a brief de-
scription of the spectrum of LHA 115-S18 and its variability,
and analyse the presence of the Raman-scattered lines. In
Section 4 we discuss our results in the context of possible
scenarios related to some different stellar classifications of
LHA 115-S 18 and present our conclusions. A more detailed
analysis of our data of LHA 115-S 18 will be presented in
an upcoming publication (Torres et al., in preparation).

2 OBSERVATIONS

Between 2000 and 2008 we obtained high-resolution optical
spectra of LHA 115-S 18. The majority of our data set was
taken with the Fiber-fed Extended Range Optical Spectro-
graph (FEROS), which was attached to the 1.52-m telescope
until the end of 2002 and then it was moved to the 2.2-m tele-
scope, both at the European Southern Observatory (ESO)
in La Silla, Chile. FEROS is a bench-mounted echelle spec-
trograph, which provides data with a resolving power R ∼

55 000 (in the region around 6000 Å) and a spectral cov-
erage from 3600 to 9200 Å. The observations were carried
out on 2000 October 13, 2001 November 24, 2005 December
10, and 2007 October 3 and 4. The obtained signal-to-noise
(S/N) ratio in the 5500 Å region is between 10 and 25. The
reduction process was performed using the FEROS standard
on-line reduction pipeline.

Two additional spectra were obtained on 2008 Novem-
ber 13, with the echelle spectrograph at the 2.5-m du Pont
Telescope at Las Campanas Observatory (LCO) in Chile.
The chosen instrumental configuration gave a spectral res-
olution of R ∼ 45 000 and the wavelength range covered

extends from 3600 to 9200 Å. The S/N ratio in the 5500
Å region is 65. The spectra were reduced using standard
IRAF1 tasks. Bias subtraction, flat-field normalization, and
wavelength calibration were performed.

3 RESULTS

LHA 115-S 18 presents an emission-line spectrum com-
pletely dominated by hydrogen lines as well as permitted
and forbidden transitions of neutral and ionized elements,
mainly Fe ii, [Fe ii], Ti ii, Cr ii, [O i], [O iii], etc., as it was
previously reported in the literature. Our complete data set
of high-resolution spectra show no photospheric absorptions.
A comparative detailed study of the spectra in the years
2000 and 2001 reveals significant changes with respect to
those of 2005, 2007 and 2008. Line-profile variations in hy-
drogen, helium, iron and oxygen transitions are clearly de-
tected. As an example, in Figure 1, we show the changes
observed in the line profile of Hα, Hβ and He i λ6678 be-
tween 2000 (top plot) and 2007 (bottom plot). In the year
2000 the spectra are mainly characterized by the presence
of P Cygni-type profiles in the H i lines down to Hζ, with
differences in velocity between the emission peak and the
center of the absorption feature of about 750 km s−1. He i
lines also present P Cygni-type profiles, with a shallow ab-
sorption component. The He ii emission line at λ4686 Å is
completely absent. The spectra obtained in 2001 are noisy,
some lines loose the P Cygni-profile structure and the He ii
λ4686 line remains absent. From 2005, huge spectral changes
become evident, mainly, the Balmer and He i lines are strong
and observed in pure emission with FWHMs of about 180,
30 and 80 km s−1 for Hα, Hβ and He i λ6678 lines, respec-
tively. The intensity of these lines increases from 2005 to
2007 followed up by a decrease in 2008. The most noticeable
spectral changes detected in 2005 and subsequent years are
the appearance of the He ii λ4686 line, displaying a strong
emission, and in the red part of the spectrum, the emer-
gence of a broad emission bump which we identified with
the Raman-scattered emission line at λ6825 Å . This broad
emission feature has not been previously reported in LHA
115-S 18.

3.1 The detection of Raman-scattered lines

In the spectra of LHA 115-S 18 obtained in 2007, a broad
and intense feature around λ6830 Å called our attention.
We found that this structure is similar to the well-known
emission bump at λ6825 Å frequently detected in symbiotic
systems (Allen 1980; Schmid 1989; Birriel 2000). The pres-
ence of the λ6825 emission feature is often observed together
with another similar emission structure at λ7082 Å , which
is weaker and sometimes undetectable. In symbiotic stars,
these emission features are usually called Raman-scattered
lines. Our data also reveal the presence of the second emis-
sion structure in the spectra taken in 2007 and 2008. There-
fore, the confident detection of both features in the spectrum

1 IRAF is distributed by the National Optical Astronomy Obser-
vatories, which are operated by the Association of Universities for
Research in Astronomy, Inc., under cooperative agreement with
the National Science Foundation.
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Figure 1. Hα, Hβ and He i λ6678 lines seen in the high-resolution spectra of LHA 115-S 18 obtained in 2000 (P Cygni line profile) and
2007 (pure emission line profile). The spectra have been normalized in flux and shifted for display purposes.

of LHA 115-S 18 enables us to identify them as possible
Raman-scattered lines. In addition, it is worth mentioning
the high variability displayed by these lines which are ab-
sent in the spectra obtained in the years 2000 and 2001 (see
Figure 2).

Raman-scattered lines have been identified as due to
Raman scattering of photons of the Ovi λλ1032, 1038 reso-
nance lines by neutral hydrogen (Schmid 1989; Birriel 2000).
Unlike Rayleigh scattering, Raman scattering is inelastic,
that is the emitted photon has a different frequency to that
of the incoming photon, and hydrogen is left on an altered
quantum mechanical state. In this case, an incident Ovi

photon excites hydrogen from its ground state 1s 2S to an
intermediate state near 3p 2P, from where the Raman scat-
tered photon is emitted, leaving the hydrogen atom in the
excited state 2s 2S. At present, Raman-scattered O vi

lines have only been observed in symbiotic stars, which
have the appropriate physical conditions for efficient Raman
scattering. In these objects, Ovi photons are most proba-
bly produced in the ionized region near the hot component
and then inelastically scattered in a dense neutral hydrogen
region near the red giant.

Unfortunately, there are no far-UV spectra of LHA 115-
S 18 available in the literature to search for the Ovi λλ1032,
1038 emission lines responsible for the optical Raman-
scattered lines. So, to confirm a Raman-scattered origin of
the emission bumps at λλ6825, 7082 Å we had to look for
line transitions of highly ionized elements in the visible spec-
tral region that could reveal the presence of a hot radiation
source.

According to Leedjärv et al. (2004), who reported a cor-
relation between the equivalent widths of He ii λ4686 line
and those of λ6825 Raman-scattered line in the symbiotic
system AG Dra, the intensity of He ii line traces the varia-
tions in the number of Ovi photons since it forms close to
the hot component. A similar dependence on the equivalent

widths of Hβ and the already mentioned Raman-scattered
line was reported.

In LHA 115-S 18, we also observed a strong direct rela-
tion between the intensities of the He ii λ4686 and Raman-
scattered lines. The appearance of both features occurred
at the same epoch, strengthening and weakening their in-
tensities in a similar way (see Figures 2 and 3). The same
behaviour is displayed by the Hβ line, except in the spectra
of the years 2000 when Raman-scattered lines are absent and
hydrogen lines exhibit P Cygni-type profiles. The variability
detected in the lines accounts for a change in the physical
conditions of the circumstellar environment: the increase in
He ii λ4686 line intensity reveals an enhancement of ionizing
photons of a hot source, while the morphological change in
H i lines and the increase in intensity could indicate a mass
ejection event that favoured a later mass density increment
in the neutral hydrogen region. Moreover, if we considered
that the emission of O i is expected to arise from regions
in which hydrogen is neutral, due to the about equal ioniza-
tion potentials of H and O (Kraus & Borges Fernandes 2005;
Kraus et al. 2007), then the behaviour of [O i] lines would
trace the changes in H i lines. Figure 3 shows an increase in
the [O i] λ 6300 line emission towards the year 2007 and its
subsequent decrease. This behaviour agrees with that ob-
served in the Balmer lines.

4 DISCUSSION AND CONCLUSIONS

In this Letter we have reported for the first time
the discovery of the appearance of Raman-scattered
lines in the massive luminous B[e] star LHA 115-S
18.

The presence of Raman-scattered lines in LHA 115-S
18 is detected simultaneously with the appearance of He ii
λ4686, showing a close relationship between their intensi-
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Figure 2. Temporal evolution of the Raman-scattered lines of LHA 115-S 18 between the years 2000 and 2008. The appearance of the

emission feature at λ6825 Å is observed in 2005 (left panel). The very broad but weak butterfly-like shape of the λ7082 Raman-scattered
line becomes visible for the first time in 2007 (right panel). The spectra have been normalized in flux and shifted for display purposes.
Dates of the spectra displayed in the right panel are the same as those of the left panel.

Figure 3. Temporal variation of He ii λ4686 (left) and [O i] λ6300 (centre) emission lines, and the wide emission feature at λ6159 Å
(right), probably related to a TiO molecular band. The spectra have been normalized in flux and shifted for display purposes. In the
right panel, the continuum level is represented by a dashed line. Dates of the spectra displayed in the central and right panels are the
same as those of the left panel.

ties, as well as with those of H i lines, indicating the pres-
ence of a hot ionizing radiation source and an enhancement
of the neutral hydrogen circumstellar region, respectively.
The observed spectral variability should be related to spe-
cific physical conditions and geometry of the circumstellar
environment.

Up to now, Raman-scattered O vi lines have only
been detected in symbiotic systems, which consist of a late-
type giant star, a more compact star hot enough to produce
ionizing photons, and a common circumbinary nebula. The

original spectroscopic criterion outlined by Kenyon (1986)
to identify these objects is mainly based on the presence
of a red continuum with absorption features, associated to
the cool star, such as Ca i, Ca ii, TiO, VO, etc., and a blue
continuum with strong emission lines of H i and He i, and in
some cases dominated by high-excitation emission lines of
He ii, [Fevii], [Nev], etc. A more relaxed classification cri-
terion was suggested by Belczyński et al. (2000) in which
the presence of the λ6825 emission feature is enough to be a
symbiotic star, even if no features of the cool star are found.
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However, in symbiotic stars the λ6825 Raman-scattered line
is observed only in high excitation symbiotic systems show-
ing [Nev] and [Fevii] lines (Schmid 1989; Birriel et al. 2000).

In LHA 115-S 18, the existence of Raman-scattered lines
in its spectrum might indicate a symbiotic nature. However,
[Fevii] emission lines are absent ([Nev] emission lines are
out of the spectral range covered by our data), and there are
no signs of red giant absorption features. Moreover, the pres-
ence of a wide emission feature at λ6159 Å , typically seen
in B[e] supergiants and probably related to a TiO molecular
band (Zickgraf et al. 1989), would point out to a different
stellar nature (see Figure 3, right panel).

On the basis of our new observational evidence, a symbi-
otic B[e] scenario seems not to be the most plausible. There-
fore, we briefly discuss two alternative scenarios: 1) a B[e]
supergiant with a main-sequence hot star accreting mass,
and 2) a LBV object. B[e] supergiants may harbour dense
circumstellar discs of neutral hydrogen and dust, as in LHA
120-S 127 (Kastner et al. 2006; Kraus et al. 2007), where
scattering Raman might occur if an intense source of Ovi

photons exists. In this context, the extreme variability of
He ii λ 4686 emission and Raman-scattered lines in LHA
115-S 18 could be explained by the presence of an accret-
ing mass companion, as it was proposed by Zickgraf et al.
(1989). However, this companion should be hot enough to
produce highly ionized oxygen atoms. On the other hand, it
is certainly interesting to remember that B[e] stars do not
necessarily need to be really of spectral type B. Perhaps the
central star of LHA 115-S 18 is hotter than the 25 000 K
reported in the literature and capable to emit Ovi photons.
So, if these photons hit a dense disc that is neutral in hydro-
gen, we might expect to see Raman scattering. The possibil-
ity of a hotter central star in LHA 115-S 18 would place this
object close to the LBV stars. An LBV-type status (with
eruptions and ejections of large amounts of material) might
account for the strong variability observed in the spectrum
and the mass enhancement in the circumstellar environment.
A mass ejection event in LHA 115-S 18 could be associated
to the detection of P Cygni line profiles in a previous phase
to the appearance of Raman-scattered lines.

We want to stress that if these last scenarios are ap-
propriate, LHA 115-S 18 would be the first B[e] supergiant
or LBV star showing Raman-scattered lines. Therefore, in
order to get further insight on the physical nature of LHA
115-S 18, a detailed description of the complete set of data,
as well as its spectral and temporal variability, will be car-
ried out in a forthcoming paper.
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