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Abstract:
We present the results of optical and near-IR spectroscopic and broadband multicolour photometric
observations of the emission-line star AS 381. Its properties were found to be similar to those of Be stars
with warm dust, a group of galactic objects recently defined by Sheikina et al. (2000). The spectrum of AS
381 indicates the presence of both a hot (early B-type) and a cool (K-type) star in the system. A high
interstellar reddening (Av ~ 7 mag) suggests that it is located at a distance of >3 kpc, and the companions
have luminosity types ii or higher. The emission-line profiles indicate that the system is surrounded by a
flattened circumstellar envelope, which is viewed close to pole-on. The hot companion is found to be ~2
mag brighter in the V-band and more massive (~20 M(D) than the cool one (~7 M(D). The strong line
emission and position of the companions in the Hertzsprung-Russell diagram indicate that the system is
experiencing mass exchange. We suggest that AS 381 is the first B[e] supergiant binary discovered in the
Milky Way.
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photometric
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1. Introduction
Many early-type emission-line stars were detected in the objective-prism surveys of the past (e.g., MWC,
Merrill & Burwell 1933; AS, Merrill & Burwell 1950; LS, Stock et al. 1960). These surveys contain
thousands of objects, many of which are listed in more than one catalog. In order to summarize the previous
findings, Wackerling (1970) compiled a list of 1159 objects found in the above surveys before 1970. Most
of them, especially those with very strong emission-line spectra, display a noticeable excess radiation in the
infrared (IR) region due to the presence of circumstellar gas and/or dust. Ground-based IR observations
(usually shortward of 1020 µm) were obtained in the 1970-s for a number of the bright objects, allowing one
to study properties of the circumstellar matter. However, much progress in these studies was achieved after
the IRAS all-sky survey, which detected about a quarter of a million point-like objects in the region 12100
µm. IRAS detected a significant number of Wackerling’s objects. Most of those with very strong IR fluxes
(V — [25] ≥ 8 mag) were identified by Dong & Hu (1991).
In 1993 we began a study of a subsample of Dong & Hu’s list which mostly contains B-type stars with a
steep decrease of IR fluxes longward of 12 µm (e.g., Sheikina et al. 2000). These objects seem to form a
group with similar properties of both the stars and circumstellar matter. Some of them were previously
identified as B[e] stars by Allen & Swings (1976). Their spectral energy distribution (SED) in the IR region
suggests the presence of circumstellar dust, most of which is warmer than ~200 K. This is about an order of
magnitude higher than the lowest dust temperature in the envelopes of Herbig Be stars (e.g.,
Miroshnichenko et al. 1999). Because of this property we refer to the entire group as Be stars with warm
dust. These objects display many strong emission lines in their spectra and a few absorption features, which
makes studies of the illuminating sources difficult and requires high-resolution observations. They also
show noticeable photometric variations in both optical and near-IR region, investigation of which needs
long-term observations (e.g., Miroshnichenko 1998). A certain lack of data makes their studies slow and, as
a result, their evolutionary state is still unclear (e.g., Lamers et al. 1998).

Our efforts in the study of Be stars with warm dust resulted in a number of publications, where we
introduced these remarkable objects and attempted to estimate their physical parameters (see
Miroshnichenko 1998 for a recent review and Sheikina et al. 2000). In most cases, high-resolution
spectroscopy and multicolour photometric observations were reported for the first time. Since the objects are
rather faint (V ~ 10-14 mag), one needs large telescopes to obtain spectra with a reasonable resolution and
signal-to-noise ratio. Although they generally share similar overall characteristics, some objects show
unique features which deserve special attention. This is why we present them individually or in small
groups. Our previous publications dealing with the discussed objects include Miroshnichenko & Corporon
(1999; MWC 342), Miroshnichenko et al. (2000; AS 78 and MWC 657), and Miroshnichenko et al. (2001;
HD 85567, Hen3–140 and Hen3–1398).
In this paper we present the first results of our observations of AS 381, another object from Dong & Hu’s
(1991) list. It was found in the course of the Mount Wilson survey (Merrill & Burwell 1950) as an 11.5-mag
star with a strong Hα emission. We found no observational results for this object in the literature, except for
some IR satellite data (IRAS and MSX) and two near-IR observations discussed below. Here we summarize
the data accumulated so far, estimate the star’s fundamental parameters, and discuss its evolutionary state.
2. Observations
The photometric UBVR (Johnson system) observations of AS 381 were obtained in July-September 2000 at
Mt. Maidanak (Uzbekistan) using a 48-cm AZT-14 reflector with a standard pulse-counting photometer
(Shevchenko 1989). The errors of individual observations, which are presented in Table 1 and in Fig. 1,
were as follows: σU = 0.15 mag, σB = 0.06 mag, σV = 0.05 mag, and σR = 0.02 mag. In total 20 observations
were obtained. The object’s U-band flux was measured only 2 times as it is close to the photometer
sensitivity threshold. HD 189474 was used as a comparison star, while the instrumental system stability was
controlled using other standard stars observed during each night.
On 1999 September 15, 2000 July 24 and 2001 July 27 we obtained JHK photometry of the star at the 1.55m Carlos Sánchez Telescope (CST), operated by the Instituto de Astrofisica de Canarias at the Spanish
Observatorio del Teide (Tenerife, Spain). We used a CVF infrared spectrophotometer equipped with an InSb
photovoltaic detector, operating at the temperature of liquid nitrogen, with a photometric aperture of 15'' and
a chopper throw of 30'' in the E-W direction to subtract the contribution from the background sky. The star
was observed 4–5 times in each band. The Teide photometric system, as well as its relations with other
standard photometric systems is described in Arribas & Martínez-Roger (1987).
The infrared low-resolution spectroscopic observations of AS 381 were acquired on 2000 July 18 with the 3m Shane reflector of Lick Observatory and the Aerospace near–infrared imaging spectrograph. The
spectrograph, which is described by Rudy et al. (1999), uses two channels to provide wavelength coverage
from 0.8 to 2.5 µm. The blue (0.8–1.4 µm, resolution 14 Ǻ) and red (1.4–2.5 µm, resolution 36 Ǻ) spectra
were acquired simultaneously. A more detailed technical description of this type of observation is given in
Miroshnichenko et al. (2000). A 2'' slit was employed for the observations of AS 381 and its calibrator star
HD 191854, a G5 dwarf (V = 7.45 mag). The instrumental response and most of the effects of atmospheric
absorption were removed by dividing the spectrum of AS 381 by that of the calibrator. To remove the
intrinsic spectrum of the calibrator from this ratio, a model from Kurucz (1994) appropriate to a G5 V star
was used.
The averaged results of our near-IR observations and of those found in the literature are presented in Table
2.
A classification-resolution (3.6 Ǻ per 2 pixels) spectrum of AS 381 was obtained on 1999 October 16/17
using the Gray/Miller Cassegrain spectrograph on the 0.8-m telescope of the Dark Sky Observatory of the
Appalachian State University. The spectrum was taken with a 600 lines mm-1 grating in the first order using
a 1024 x 1024 Tektronics thinned, back-illuminated CCD. The spectral range is 3800–5600 Ǻ. The spectrum
was reduced using standard methods under IRAF1.

Fig. 1. Optical photometric data for AS 381. Horizontal lines show the mean brightness levels and 1a
uncertainty intervals.

A high-resolution spectrum of AS 381 was obtained on 2000 July 12 at the 6-m telescope of the Special
Astrophysical Observatory (SAO) of the Russian Academy of Sciences with the échelle-spectrometer PFES
(Panchuk et al. 1998) and a 1140 × 1170 pixel CCD detector. The spectral range was 4577–7820 Ǻ with the
mean R ~ 15000. The spectrum was reduced using standard methods under MIDAS.
3. Results
3.1. Literature data
AS 381 is located in the south-western part of Cygnus, very close to the galactic plane (b = 0.6º). There is
only one more object in the 5' vicinity of AS 381 listed in the SIMBAD database. This is a carbon star, cya
22 (star No. 22 in the Cygnus region ―a‖), discovered by Aaronson et al. (1990). These authors conducted an
objective prism survey aiming at finding carbon stars. For most of the detected candidates they obtained
high-resolution spectra near the C2 Swan band head at 5636 Ǻ and near-IR photometry in the JHK bands.
No spectral information was reported for cya 22 in this paper, while its JHK-magnitudes turned out to be
close to our data for AS 381. According to Aaronson et al., cya 22 is located 5'' from AS 381, that is within
the uncertainties of their positional measurements. Since the accuracy of the AS 381 position listed in the
AS catalog is low, we used recent determinations from the MSX (Egan et al. 1999) and 2MASS (Skrutskie
et al. 1997) surveys (RA 20h06m39.s9, Dec + 33º14'27'', 2000.0). This coincidence raised a question about
the classification of cya22 as a carbon star. Both the MSX and 2MASS survey revealed only one source in a
1' vicinity of the quoted coordinates. Since there is no spectral confirmation of the carbon type nature of cya
22, we conclude that Aaronson et al. detected near-IR radiation of AS 381.

The appearance of AS 381 in Dong & Hu’s (1991) list prompted Thé et al. (1994) to include it in their catalog of the Herbig Ae/Be stellar group objects, which contained 287 early-type emission-line stars. They are
potential candidates to pre-main-sequence intermediate-mass (2−10 M) stars, although a fraction of objects
at later evolutionary stages, such as LBVs and B[e] supergiants, has been recognized in this list.
Additionally to the IRAS detection, AS 381 = IRAS 20047 + 3305, was also detected by MSX (MSX5 −
G070.5812+00.5721). The non colour-corrected IRAS fluxes refined using the ADDSCAN procedure (coaddition of all IRAS scans; see Weaver & Jones 1992) along with those from the MSX survey are listed in
Table 3. The source was not detected by IRAS in the 100 µm band. Summarizing the literature search for
data on AS 381, we can only say that it was known as an emission-line star associated with a strong IR
source. No information about its nature or evolutionary state could be obtained from the data available prior
1999.
3.2. Photometric variations and spectral energy distribution
Our optical photometric observations were obtained within a 63-day period and revealed no significant
brightness variations. The mean brightnesses are as follows: Ū= 17.9±0.1, B = 16.46±0.18, V = 14.39±0.05,
R = 12.15± 0.04. Their uncertainties are within 3σ observational errors in each band. Our 2 measurements in
the U-band turned out to be very close to each other, which is most likely a coincidence because of a low
signal-to-noise ratio in this band. Therefore, we consider this result as a rough estimate of the U-band
brightness of AS 381, and show it in Fig. 2 only for reference. One can see that the star is very reddened and
is much fainter than it was reported in the AS catalog (mv= 11.5 mag). This difference might imply that AS
381 was brighter fifty years ago, although the photometric system of this catalog is uncertain.
The near-IR data collected in Table 2 show that the variations of AS 381 in this spectral region significantly
exceed the observational accuracy and possible systematic differences of the instrumental systems. The
latter is unlikely to exceed 0.1 mag. The character of these variations and the connection to the optical
changes are not clear yet and require further observations. However, the data from Table 2 indicate that the
color changes are much smaller than the brightness variations (J − H = 1.27 ± 0.05, H− K= 1.10± 0.02).
A similar amplitude of the near-IR brightness variations was detected in some Be stars with warm dust, such
as MWC 342 (Miroshnichenko & Corporon 1999) and MWC 657 (Miroshnichenko et al. 2000). The IRAS
fluxes are about 20 per cent above the MSX fluxes (obtained in 1983 and 1996, respectively) at close
wavelengths (12 and 25 µm). This difference may be part of the same process, that is responsible for the
near-IR variability.

Fig. 2. The SED of AS 381. The solid line represents the synthetic spectrum for Teff = 25 000 K and log g
= 2.0, the dashed line shows the synthetic spectrum for Teff = 4500 K and log g = 1.0 from Kurucz (1994).

The Johnson UBVRJHK band fluxes are shown by filled circles, the IRAS data by open squares, the
MSX data by open triangles. A reddening of EB_V = 2.4 mag and V = 14.39 mag was assumed. The cool
companion is 2.2 mag fainter in the V-band.
Thus, the observations reported here along with other available photometric data constrained the SED of AS
381 (see Fig. 2) and showed that its optical brightness is stable on a time scale of months, while it is variable
in the IR region on a time scale of years. If we assume that a reddened early B-type star dominates the SED
in the visual region (which will be shown in the next section), then the total V-band extinction (AV) turned
out to be about 7.4 mag (EB-V = 2.4 ± 0.2 mag). Even in this extreme case, the IR excess is significant.
Overall, the SED of AS 381 is very similar to those of other Be stars with warm dust. The IR excess is too
strong to be explained by free-free radiation of the circumstellar matter and requires the presence of dust in
the immediate vicinity of the star.
The photometric data we collected for stars in a region of ~1° around AS 381 show a smooth increase of AV
up to only 2.5 mag within 56 kpc from the Sun (Fig. 3a). This result implies that either AS 381 is a very
distant object or a significant part of its reddening is circumstellar.
3.3. Spectrum
The high-resolution SAO spectrum of AS 381 contains many emission lines, about a dozen strong diffuse
interstellar bands (DIBs), and nearly 20 absorption features in its red part. The Balmer lines are extremely
strong and narrow (full width at half maximium, FWHM ~ 110 km s-1; see Fig. 4). Their profiles contain
neither P Cyg-type absorption features nor broad wings. Other permitted transitions observed (He I, Fe II, Si
-1
II) have similar profiles, which are even narrower (FWHM ~ 70± 10 km ). We also detected 3 strong
emission lines of [O III] at 4363, 4959, and 5007 Ǻ. They have the same average FWHM as the permitted
lines. The forbidden neutral oxygen lines at 6300 and 6363 Ǻ observed in emission are most likely formed in
the object’s envelope, but can be telluric in part. The DIBs are strong, which is consistent with the large
photometric reddening. For example, the equivalent width of the strongest DIB at 5780 Ǻ(1.0 Ǻ)
corresponds to EB−V ~ 1.8−2.0 mag (Herbig 1993).
The sodium D1,2 lines consist of two absorption components. One of them is deep and has interstellar origin,
while the other one is very weak and most likely circumstellar, showing nearly the same RV as that of the
emission lines. The mean RV of the Na I D interstellar components is −17 kms−1, while that of the DIBs is
−20 ±1 kms−1.

Fig. 3. Photometric properties of stars close to AS 381. a) The interstellar extinction law derived from
UBV photometry of stars from a 1° region around AS 381. b) JHK data for stars from a 3' region around
AS 381 from the 2MASS survey. The interstellar reddening vector corresponding to Av = 7 mag is shown
by the arrowhead line. The intrinsic color-indices for dwarfs are shown by a solid line, those for giants by
a dashed line.
The absorption features detected in the red part of the SAO spectrum (5800-7800 Ǻ) are neither telluric nor
expected from an early-type star. Such lines are usually observed in the spectra of cool stars. Using this
suggestion, we identified 23 absorption lines with central intensities between 0.7 and 0.9 (in continuum
units) as those of neutral metals. Their RVs vary from −10 and −35 km-1 with an average value of −22 ± 3
km s-1. Figure 4f shows that the absorption part of the AS 381 spectrum is qualitatively similar to that of
Arcturus.
The mean radial velocity (RV) of 44 detected permitted emission lines is −40 ± 1 km s−1. At the same time,
one can distinguish 3 different groups among the 9 detected forbidden lines. The [O III] lines have an
extreme RV of −48 ± 1 km s−1. The RV of the [Ni II] and [S II] lines is −35 ± 3 km s−1 and is close to that of
the permitted lines. The [O I] lines have a mean RV (−24 ± 1 km s−1) close to that of the absorption lines.
This difference is beyond the measurement uncertainties and probably reflects different line formation
regions in the circumstellar envelope.
The DSO spectrum, obtained in the bluer range nearly a year before (JD 2451469), shows the same strong
and narrow emissions in the overlapping region. Although the spectrum has a low signal-to-noise ratio
because of the star’s faintness, it demonstrates a relative stability of the line content over the period of the
dramatic change in the near-IR.
The nearIR spectrum of AS 381 contains emission lines of neutral hydrogen, carbon, oxygen, and helium as
well as of singly ionized calcium and iron (Fig. 5). The strongest emission line identified in this spectrum is
that of He I 1.083 µm, although Paschen lines are strong too. The IR triplet of Ca II has an averaged intensity
of 1.2 of the continuum flux. A similar strength is observed in the spectra of other Be stars with warm dust,
such as AS 78 and MWC 657. The Brackett lines are in emission, but are much weaker than the Paschen
lines. In general, the emission line profiles (not resolved) look similar to those in the optical region.
However, the relative strength of the optical and infrared lines in the spectrum of AS 381 is much higher
than that in MWC 657 (Fig. 6), which has a similar optical spectrum (Miroshnichenko et al. 2000).
The flux ratio of the O I lines at 8446, 11287, and 13164 Ǻ can be used for an independent interstellar reddening estimate by means of the method suggested by Rudy et al. (1991). This method assumes that an
equal number of photons are generated in the 8446 and 11287 Ǻ lines by the Lyβ fluorescence mechanism,

but corrects this ratio, by using the 13164 Ǻ line, for the additional photons generated in the 8446 Ǻ line by
continuum fluorescence.

Fig. 4. Parts of the high-resolution SAO spectrum of AS 381. A part of the Arcturus spectrum from
Hinkle et al. (2000) is shown in panel f) for comparison (the lower spectrum). Wavelengths are given in A˚
while the intensities are normalized to the continuum.

Fig. 5. Parts of the low-resolution Lick near-IR spectrum of AS 381. Wavelengths are given in microns,
while the fluxes are given in units of 10-16 W cm2 µm1.

Fig. 6. The H-band Lick spectrum of AS 381. The wavelengths and flux units are the same as in Fig. 5.
The spectrum of MWC 657, obtained at Lick in July 2000 with the same equipment, is shown for
comparison. It is shifted down by 0.2 x 10-16 W cm-2 µm-1.
The flux ratio observed in the spectrum of AS 381 gives EB-V = 2.3 ± 0.3 mag, which agrees with the above
photometric estimate.
There is a continuum jump at 1.1 µm (see Fig. 5) which seems to be real, as it is not present in the spectra of
other objects observed during the same run. This feature is not seen in hot and dwarf stars, but appears in the
spectra of stars later than G5 of luminosity types I-III (Wallace et al. 2000) and is attributed to the CN 0–0
band. Additionally, we detected an absorption feature at 2.29 µm which is most likely due to the CO 2–0
band (Fig. 5b). Other CO bands, usually observed in this spectral region, are not clearly seen.
The list of lines identified in the spectrum of AS 381 with the help of a catalogue by Coluzzi (1993) is
presented in Appendices A (optical range) and B (near-IR range).
4. Discussion
The photometric and spectral properties of AS 381 described above show that it is a peculiar and complex
object. The presence of the strong hydrogen and He I lines in emission and the absence of He II lines suggest

an early -B (B1±1) spectral type for the star, illuminating the circumstellar matter. The narrow emission line
profiles as well as the absence of absorption components and broad wings in them imply two possibilities.
First, the circumstellar geometry is disk-like, and the disk is viewed at a large inclination angle (probably
close to pole-on). Second, an additional source of continuum, veiling the line wings and absorption
components, is present. This source could have either a stellar (radiation of a companion) or circumstellar
(free-free and free-bound radiation) origin. Both mentioned mechanisms can be present at the same time,
too.
Our detection of absorption lines of neutral metals and molecular bands in the red and near-IR spectrum of
AS 381 suggests the presence of a late-type stellar companion. Since no molecular bands are seen in the
optical spectrum, the spectral type of such a companion should have a spectral type earlier than M0. A later
spectral type is unlikely, because M-stars have prominent absorption bands at λλ0.7–1.0 µm, which we
would detect in our red or near-IR spectra despite the companions’ brightness difference. As it is seen from
Fig. 4f, the spectrum of AS 381 near λ7800 A~ resembles that of Arcturus, although the AS 381 lines are
weaker probably due to the contributions from the hot companion and circumstellar matter. This suggests
that the cool companion is most likely a K-type star, because these lines are intrinsically weak in G-type
stars and would be almost undetectable in the described situation. Nevertheless, further high-resolution
spectroscopic observations redward of ~ 5000Awith higher signal-to-noise ratios are needed to constrain the
cool companion’s properties. Direct comparison with the spectra of standard stars seems to be premature.
The CN 0–0 band and CO bands at 2.0–2.3 µm are seen in the spectra of late-G through M-type stars
(Wallace & Hinkle 1997) becoming stronger as the temperature decreases. Our clear detection of only the
CO 2–0 band also suggests a not very late spectral type for the companion. The fact that the CO bands are
weak in the spectrum of AS 381 (see Fig. 5b) might be partly explained by the thermal continuum veiling.
We estimated a lower limit for the latter of ~50% in the K-band (amount of the thermal flux over that of the
late-type companion) assuming no thermal contribution in the J- and H-band fluxes, where it cannot be large
since we detected the CN band. This estimate shows that the detected CO band cannot be intrinsically as
strong as that in the M-type spectra (~50% of the continuum). Moreover, our resolution is enough to detect
other CO bands if they were strong (~8 resolution elements between the 4 bands in the region 2.29–2.38
µm). Thus, both our red and near-IR spectra suggest that the late-type companion is most likely a K-type
star.
A K-type spectrum in combination with a B-type spectrum can qualitatively explain the observed SED
between the B- and H-band (see Fig. 2). However, the SED fitting is complicated by uncertain contributions
from both gaseous and dusty components of the circumstellar envelope. The latter also affects the interstellar
reddening estimate. Nevertheless according to our preliminary calculations (similar to those described by
Waters et al. 1987 for Be stars), the circumstellar reddening due to free-free and free-bound continuum can
be of the order of ECSB-V ~ 0.3 mag. This suggests that the bulk of the observed reddening is interstellar and
the line profile veiling is not strong.
A similar suggestion about the system’s stellar components was made for another Be star with warm dust,
MWC 623 (Zickgraf & Stahl 1989). In the spectrum of this object many absorption lines from a late-type
companion are clearly observed at λ ≥ 5000 Ǻ. In AS 381 such lines are only seen redward of ~5800 Ǻ.
This points to a different companions brightness ratio. The hot companion of AS 381 should be brighter than
the cool one in the visual region (see Fig. 2), while the situation is reversed in MWC 623. If this is the case
for AS 381, then the B − V color-index would not be affected by the cool companion. Hence, most of the
observed reddening would be interstellar, suggesting a large distance to the object.
We can put some constraints on the distance towards AS 381 using our RV measurements. Since the system
is most likely viewed close to pole-on, the orbital motion does not noticeably affect its RV. Unfortunately,
models for the galactic rotation (e.g., Dubath et al. 1988) do not agree with the observed RV distribution in
the direction of AS 381. The latter just shows that stars with more negative RVs are located further away
from the Sun but does not match the observed values. Early-type super-giants within 1° from the object at D
= 1−3 kpc have RVs ranging from +5 to −30 km s-1, while those belonging to the association Cyg OB3 (D ~
2.4 kpc) have RVs between −5 and −25 kms-1 (Humphreys 1978). Since closer stars from this region have

RVs ≥ −10 kms-1, the observed RV of AS 381 (in agreement with the large reddening) suggests a large
distance. Ignoring possible circumstellar reddening and the gaseous continuum contribution, one can
calculate an upper limit for a distance toward AS 381 (D = 6.4 kpc) assuming that the object’s luminosity
does not exceed the Humphreys-Davidson limit. In this case both components need to be supergiants.
A rough estimate of the distance lower limit (D ~ 1.5 kpc) can be derived under the assumptions that the hot
companion is a B1 v star, it is about 1–2 mag brighter in the V-band than the cool companion, and the
interstellar reddening is ~7 mag. However, it is unlikely that the distance toward AS 381 is less than ~3 kpc
(the distance where the interstellar extinction law changes its slope), because luminous stars in its vicinity,
located closer to the Sun, are not significantly reddened (see Fig. 3a). It is also the reddest object in the
2MASS survey of its 3' vicinity (Fig. 3b). The only other star close to its position in the J − H vs. H − K
diagram is ~8 mag fainter. Furthermore, the CN band at 1.1 µm is not seen in the spectra of dwarf stars,
implying that the cool companion is at least a giant.
The pole-on orientation of a disk-like envelope may explain the line profile shapes. If it is optically thick in
continuum, such an orientation also produce a much stronger continuum in both the optical and near-IR
region than in the edge-on case. This, along with the cool companion contribution, may account for the
weakness of the Brackett emission lines in AS 381 in comparison with those in MWC 657 (see Fig. 6),
whose double-peaked profiles of the optical emission lines strongly suggest that its envelope is viewed
nearly edge-on (see Miroshnichenko et al. 2000).
Let us now estimate the physical parameters of the companions. As seen from Fig. 2, the short-wavelength
part of the observed SED can be fitted by radiation of an early-B and a K-type star with a brightness ratio of
~2 mag in the V-band. This ratio corresponds to a luminosity difference of ~20 (with the bolometric
corrections of −2 and −1 mag for the hot and cool star, respectively, Miroshnichenko 1997). Therefore, the
cool companion is less massive than the hot one. This makes AS 381 similar to another remarkable B+K
binary, AX Mon, which is an interacting system with a period of 232 days (Elias et al. 1997). At a
reasonable distance D = 4 ± 1 kpc, the companions would have log L/L) = 4.9±0.2 (B-star) and 3.6±0.2 (Kstar) which correspond to evolutionary masses of 19 ± 3 and 7 ± 2 M, respectively (Schaller et al. 1992, see
Fig. 7).

Fig. 7. H—R diagramme with the locations of the hot and cool companion of AS 381. Evolutionary tracks
are from Schaller et al. (1992) with initial masses (in solar units) shown near corresponding tracks.
If the companions evolved as single stars, their ages would be very different. Hence, the system most likely
experienced mass exchange. Since AS 381 shows a much stronger emission-line spectrum than AX Mon,
this might suggest a stronger ongoing mass transfer between its companions. One might expect an orbital
period for AS 381 to be comparable to or smaller than that of AX Mon with a minimum of ~30 days (based
on rough estimates of the companions’ masses and radii). However, it might be difficult to detect RV

variations because of a small inclination angle of the system’s rotation axis to the line of sight, as discussed
above.
The above consideration allows us to discuss the system’s evolutionary state. It is obviously an evolved
object that consists of massive stars. The circumstellar dust may be formed in the wind of either one or both
components. The steep decrease in the far-IR flux, seen in the IRAS data, suggests a lack of cool and distant
dust. This probably implies that the system is still evolving redward from the main-sequence and is too
young to produce a pronounced SED peak at 25-60 µm, which is observed in the IRAS data for post-AGB
stars or LBVs (more arguments against the post-AGB nature of Be stars with warm dust are considered in
Miroshnichenko et al. 2000). The presence of forbidden lines in the spectrum of AS 381 allows us to
classify it as a B[e] supergiant. The forbidden line velocity stratification is suggestive of a complex structure
of the low density regions of the envelope. Since the late-type component is brighter than the early-type one
in the near-IR, the observed photometric variations may be due to its pulsational activity. Density changes in
the dusty envelope due to sporadic enhancements of the mass loss cannot be excluded either. Another
possibility is occultations of a part of the near-IR emitting circumstellar matter by the hot companion, if the
stars are close enough to each other. These suggestions still need to be confirmed by follow-up optical and
near-IR photometry.
Overall, the observed spectral features of the cool star and the companions’ brightness ratio suggest that the
system consists of a B-type star and a fainter K-type star, both of which most likely have luminosity type II
or higher. The system is relatively young, and the fact that the less massive star is located further away from
the main sequence implies mass transfer onto the hot companion. The properties of AS 381 (most of the
spectral features and SED) are similar to those of MWC 623. The late-type companions of these 2 systems
seem to have almost the same fundamental parameters (Zickgraf 2001). However, the hot companion of AS
381 appears to be more massive than that of MWC 623. We should also note here that AS 381 is not a
unique system. Zickgraf et al. (1996) found the LMC B[e] supergiant R4 to be a binary system, which
consists of a B- and A-type star. Thus, we can suggest that AS 381 is the first B[e] supergiant binary
discovered in the Milky Way.
5. Conclusions
We presented and analysed for the first time the observed properties of the emission-line object AS 381. Its
spectrum and SED turned out to be similar to those of Be stars with warm dust, a group of nearly 20 galactic
peculiar objects. We found that AS 381 is most likely a binary system that consists of two luminous stars of
very different spectral types (early-B and K) and is surrounded by a gas-and-dust envelope. The spectral line
profiles imply that the envelope is non-spherical and is viewed close to pole-on. Our 2- month optical
photometric observations did not reveal any noticeable variability, while our near-IR observations and other
published near-IR data showed that the object is variable on a time scale of years.
Thus, AS 381 is the third member of this group for which convincing evidence of binarity is found. The
other two (MWC 623, CI Cam) also seem to contain at least one luminous stellar component. There are a
few more Be stars with warm dust for which the presence of a secondary component is suspected (MWC
342, AS 78, MWC 657). These results give growing evidence that such peculiar strong emission-line objects
may be products of the binary evolution at certain stages on or after the main-sequence. However, further
systematic observations are needed to make more conclusive statements on the nature of this group. Such
observations should include high-resolution spectroscopy to search for RV variations (at least in edge-on
systems), optical and near-IR photometry to search for brightness variations, and far-IR and submillimetric
observations to constrain parameters of the objects’ dusty environments.

Comments to the line list in the optical spectrum of AS 381.
Unreliable identifications and less accurate measurements are denoted by colons.
Intensities at line peaks in units of the underlying continuum are given in Col. 3, heliocentric RV in kms-1
in Col. 4, and Remarks in Col. 5.
a Blend with the following line, RV relates to both lines; b RV of the circumstellar component; c Blend;
“satur.” - the line top is saturated; “IS” - interstellar feature; “lt” - late-type star feature.
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