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Abstract: Objects with the B[e] phenomenon, whose defining features are the presence of
forbidden emission lines and infrared excess coming from circumstellar dust, represent a
broad range of evolutionary stages from pre-main-sequence to planetary nebulae. They
are important for understanding mechanisms of the circumstellar matter formation and
evolution. However, it is not easy to discover them, especially among faint stars, as forbid-
den emission lines are usually weak and hardly noticeable in low-resolution spectra. We
developed photometric criteria to search for candidate objects with this phenomenon based
on a combination of optical and near-infrared color indices and found nearly 40 objects
that satisfy these criteria. Spectroscopy of the candidates allows us to make more confi-
dent conclusions on their classification. We present the results of our photometric and
spectroscopic observations of six objects, which are part of a large list of ~40 objects that
satisfy our photometric selection criteria for candidate objects with the B[e] phenomenon.
Forbidden lines of neutral oxygen were clearly detected in the optical spectrum of one
object (VES 683) and suspected in three others. One object, AS415, is most likely a binary
system with components that exhibit partial eclipses but without the B[e] phenomenon,
while IRAS 20402 + 4638 may be a luminous member of the FSCMa objects group.
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1. Introduction

The B[e] phenomenon is the simultaneous presence of line emission (forbidden, such
as [O 1], [Fe 11], [N 11], and sometimes [O 111], and permitted, such as Balmer and Fe II) and
large IR excesses due to hot circumstellar (CS) dust in the spectra of B-type stars [1]. It
has been found in five stellar groups [2]: pre-main-sequence stars, symbiotic binaries (a
cool giant and a white dwarf or a neutron star), compact planetary nebulae, supergiants,
and unclassified objects. Most of the latter became members of the FS CMa-type objects
group, whose previously unexplained properties were suggested to be due to ongoing or
past interaction in binary systems [3].

Symbiotic binaries and compact planetary nebulae can be identified relatively easily
due to their distinct features, such as the dominance of a cool star or a special atmospheric
chemical composition that reflects a very evolved evolutionary stage, respectively. The
subgroup of Galactic B[e] supergiants is rather small (about a dozen objects), with an aver-
age luminosity of log L/Ls = 5.1 & 0.2, most of which are recognized binary systems [3].
These systems seem to produce CS dust during mass-transfer events, which may lead to
a significant increase of the gainer’s mass accompanied with a luminosity increase. The
latter process may lead to classification of FS CMa-type objects as B[e] supergiants if the
evolutionary scenario is unknown, e.g., [4].

It is more challenging to distinguish pre-main-sequence Herbig Ae/Be stars and
dust-producing supposedly more evolved FS CMa objects. The former are typically found
in star-forming regions and still contain large amounts of cold dust, which produces
a large IR excess up to wavelengths of A ~ 100 um. The latter are usually field stars
and exhibit more dust with higher temperatures near the sublimation limit (~1500 K)
over more distant, colder dust that results in a steep decrease of the IR flux longward
of A ~ 10-30 um. Confusion between the two subgroups still exists, as some Herbig
Ae/Be stars are isolated, and far-IR fluxes are still not precisely measured for faintest
objects. Also, precise classification and fundamental parameter determination of many
objects with the B[e] phenomenon is difficult due to veiling of the stellar features by the
CS material, uncertain contributions of the CS material to the systems’ brightness, and
uncertain distances despite the recent Gaia measurements.

The original list of objects with the B[e] phenomenon [1] was nearly unchanged until
the end of the 20th century due to rare IR surveys and a lack of reliable criteria to search
for more objects. The advent of IR all-sky surveys and systematization of the data that
existed by the 2010s allowed for a few expansions of the above mentioned list [5,6]. Our
studies were particularly focused on the FSCMa objects, because they remained the least
understood group that exhibit this phenomenon. It contains only a few bright stars, which
were observed spectroscopically by that time. Therefore, we concentrated on a statistical
study of available photometric data.

Here we describe the results of our study of six objects selected on the basis of the
criteria outlined in Section? as an example of a multi-method and multi-wavelength
approach compared to occasional observations, which were more common in the past. The
candidate objects selection method is described in Section 2, our observations of the selected
candidate objects are reported in Section 3, the results of our analysis of the objects” observed
properties are presented in Section 4, and conclusions are summarized in Section 5.

2. Methodology

The idea of our method is based on some distinct photometric properties of FS CMa-
type objects originally described in [3]. The first attempt at finding more candidates to this
group yielded 20 objects introduced in [6], 10 of which became bona fide group members.
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This experience was summarized by Kuratova et al. [7], where the photometric criteria
were updated.

The search for new candidates was performed in the NOMAD catalog [8] and refined
with the UCAC—4 catalog [9]. Both catalogs contain optical and near-IR JHK photometry
(from 2MASS) along with accurate positions. Since objects with the B[e] phenomenon
contain a B-type star, we were searching for objects with optical color indices of reddened
hot stars. This was a qualitative criterion, as optical data in NOMAD were obtained
non-simultaneously.

The quantitative criteria were as follows: V — K > 2 mag, | — H > 0.7 mag, and
H — K > 0.7 mag to select objects with IR excesses stronger than those typically intro-
duced by the interstellar reddening and free—free emission. Additionally, mid- and
far-IR data were searched for the objects selected in this way to analyze the slope of
the IR spectral energy distribution (SED). Only those objects whose SED slope was d
[log(A Fy)l/d [log A] < —0.5 at wavelengths A > 10 um were closely studied. First results
of this search were presented at the international conference “The B[e] Phenomenon. Forty
Years of Studies” [10].

Objects whose properties satisfy the above criteria (including the mentioned IR SED
slope) are observed spectroscopically, and only those with detected emission lines are
studied further. We also take advantage of the wealth of data taken in the course of recent
or still ongoing all-sky surveys both in the optical and IR spectral regions in order to put
more constraints on the objects” nature and evolutionary status.

The described criteria allow for selection of other kinds of objects, such as binary
systems with components of very different temperatures and no real IR excess radiation
or extremely reddened hot stars and only gaseous CS environments. Our systematic
searches in the NOMAD and UCAC—4 catalogs resulted in finding nearly a hundred objects
that satisfy the quantitative photometric criteria. Nearly 40 objects were found to exhibit
emission lines in their optical spectra.

Although the method has limitations, it has been shown to be a good source of
expansion of the FSCMa group (see [11] and references therein). Most objects from the
above mentioned catalogs that are brighter than V' ~ 13-14 mag with the B[e] phenomenon
and other ones with previously unknown presence of CS matter have been found in our
searches. Starting with this paper, we intend to proceed with their detailed studies to the
extent that our spectroscopic observations allow us. A better understanding of the objects’
properties requires higher-quality and higher-resolution spectroscopic data, which can be
obtained with larger telescopes.

3. Observations

Spectroscopic observations were performed with various telescopes and with spectro-
graphs shown in Table 1. Data reduction was performed with standard techniques (bias
subtraction, flat-fielding, and wavelength calibration with various calibration lamps filled
with ThAr for higher-resolution and other gases for lower-resolution instruments). These
procedures are described in the references shown in the last column of Table 1.

Photometric observations for several objects were obtained at two 1-m telescopes of
the Tien-Shan Astronomical Observatory of the Fesenkov Astrophysical Institute (near
Almaty, Kazakhstan). A 3056 x 3056 Apogee F9000 D9 CCD camera with 12-um pixels and
a 3-step cooling was used with a set of BVR. filters. The images covered a 10’ x 10" around
the objects. The TShAO data were reduced using Maxim-DL software' using standard
steps, such as bias subtraction, flat-field correction, and removal of bad pixels using dark
images taken with the same exposure times as the object images.
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Comparison stars were chosen in the object images using photometry from the UCAC-
4 catalog and checking for variability using ASAS SN light curves. Transformations from the
TShAOQO instrumental photometric system into the Johnson-Cousins system were performed
using images of standard fields, such as the open cluster NGC 2169. The photometric data
are shown in Table 2. The uncertainties of all the measurements range from 0.01 mag for
the two brightest stars to 0.03 mag for the faintest one.

Additionally, we collected archival data from various ground-based (2MASS?) and
space-based IR missions, such as IRAS [12], WISE [13], MSX [14], and AKARI [15], to
construct SEDs of the objects selected using our criteria and assess their IR excesses. The
object SEDs shown in Figure 1 were corrected for the total (interstellar + possible CS)
extinction using an average interstellar extinction law [16].
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Figure 1. Objects’ properties. Left column shows a spectral region with the diffuse interstellar (marked
1IS) features at 5780 and 5797 A, He 15875 A line, and interstellar Na 1 D-lines (5889 and 5895 A) ;
central column shows Hua line profiles; right column shows SEDs corrected for total extinction.
Symbols: triangles—optical photometry, green circles—2MASS JHK data, blue squares—WISE data,
orange pluses—MSX data, black crosses—AKARI 9-um data, red asterisks—IRAS 12 and 25-pum data.
Solid lines show the best theoretical fits for the objects’ intrinsic SEDs with the model To¢ shown in
each panel.
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Table 1. Summary of spectroscopic observations.
Observatory D, m A A, um R = A/AX Ref.
Bol. 1.52 0.40-0.70 ~800-1500 BFOSC *
HCT 2.00 0.40-0.70 ~800-1500 HFOSC [17]
OAN SPM 2.12 0.40-0.70 ~18,000 REOSC [18]
LO 3.00 0.46-2.50 ~700 NIRIS [19]
CFHT 3.60 0.36-1.05 ~60,000 ESPaDoNs [20]

Column information: (1)—Observatory or telescope names: Bol—Bologna Observatory (Mt. Orzale,
Italy), HCT—Himalayan Chandra Telescope (India), OAN SPM—Observatorio Astronémico Nacional San Pe-
dro Martir (México), LO—Lick Observatory (USA), CFHT—Canada—-France-Hawaii Telescope (Mauna Kea,
USA); (2)—diameter of the telescope primary mirror, (3)—spectral range observed; (4)—spectral resolving power;
(5)—spectrograph name and reference to the spectrograph description and data reduction. * Information about
the BFOSC spectrograph can be found here: http:/ /www.bo.astro.it/~loiano/TechPage /bfosceng/BFOSC.html;
accessed on 5 June 2025.

Table 2. TShAO photometry.

IRAS ID HJD | B—-V V—-—R
00040 + 6518 2,459,135.321 11.41 0.56 0.13
2,459,136.245 11.41 0.57 0.13
2,459,139.263 11.40 0.56 0.14
2,459,205.106 11.42 0.55 0.14
2,459,219.047 11.41 0.55 0.13
00205 + 7023 2,458,121.041 11.23 0.63 0.21
2,459,108.398 11.23 0.64 0.20
2,459,109.384 11.23 0.63 0.18
2,459,149.048 11.22 0.64 0.20
20402 + 4638 2,459,137.130 14.61 1.73 1.27
2,459,138.074 14.50 1.88 1.50
2,459,139.072 14.65 1.84 1.46

Column information: (1)—Objects’ ID from IRAS, (2)—time of the observation, (3)—V-band magnitude, (4)—(B — V)
color-index, (5)—(V — R;) color-index. Typical uncertainties of the brightness and color-indices 0.01-0.02 mag.

4. Results

As mentioned in Section 2, our search resulted in selecting several dozen objects,
most of which were observed spectroscopically and classified. The spectral classification
criteria included properties of both absorption and emission lines, such as the temperature-
dependent ratio of the equivalent widths of the He 14471 A and Mg 114482 A lines and the
presence of He I lines in emission. The classification based on these criteria was tested by
the analysis of the optical SED described below, as its IR part typically contains an excess
radiation due to the CS matter.

The SEDs were fitted with theoretical ones from a grid by [21] assuming that the
observed SED was affected by extinction from both CS and interstellar medium. The
wavelength dependence of both possible extinction components was assumed to follow
an average Galactic interstellar law [16], which is a reasonable assumption used in many
studies. In the fitting process, we compared a set of theoretical SEDs with the observed
ones dereddened with different amount of extinction, which was applied in a range of Ay
from 0 to 4-5 mag with an increment of 0.01 mag. The observed SEDs dereddened with
each extinction value was compared to all theoretical SEDs in a range of T from 5000 K to
30,000 K. The smallest (typically a few percent) deviation between a theoretical SED and
the observed one with a certain Ay was considered the best fit.
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This procedure is virtually insensitive to the surface gravity, because it mostly af-
fects the UV part of the spectral range. However, we typically do not have UV data for
our objects due to their faintness. We estimate the accuracy of the best-fitting T to be
~1000-2000 K, which is reasonable for stars hotter than 10,000 K. Our spectroscopic Tegt
estimates agree well with the photometric ones. The best fitting Ay was tested by the
presence of diffuse interstellar bands in the objects’ spectra, taking into account that these
features only represent the interstellar part of the extinction.

Below we describe the properties of a sample of six objects, which fit with the defining
criteria for FS CMa type objects from [3], and analyze additional information on them from
published sources. Other objects found in our searches are being analyzed and will be
presented elsewhere.

4.1. UCAC—4 778-000339 (VES 683 = IRAS 00040 + 6518 = HIP 549)

The star was first mentioned in [22] as a member of the Cepheus IV (currently known
as Cep OB4) association and described as a new Be star with a spectral type of ~B8 and
very broad Balmer lines, particularly HB and Hv. It was also included in the catalog of
Vatican Emission-line Stars as VES 683 [23] and detected in the course of the Northern
Milky Way survey for stars with Hax emission [24]. Despite its relative faintness, it was part
of the HIPPARCOS mission [25], which obtained a set of visual photometric data but failed
to measure its parallax.

The IRAS mission measured IR fluxes at A 12 um and A 25 um [12]. Kerton and Brunt [26]
detected two sources of molecular CO emission at a few arcminutes from the star. At such
a large linear distance (2105 AU), the sources are unlikely to be associated with the star
that rules out its young age. The detection of the star by HIPPARCOS, IRAS, and MSX
missions led Clarke et al. [5] to include it in their catalog of stars with IR excesses, but the
evolutionary status was not assigned to it. At the same time, the properties of VES 683 have
not been closely studied.

We obtained one medium-resolution optical spectrum at OAN SPM and one low-
resolution optical /near-IR spectrum at the Lick Observatory in 2018. The optical spectrum
shows double-peaked Balmer line profiles in emission, relatively strong emission lines of [O
1] at 6300 A and 6363 A (see Figure2, left panel), absorption lines of He I, as well as nearly
equally strong absorption lines of He 1 and Mg 11 at 4471 A and 4482 A (see Figure 2, right
panel), respectively. This figure shows a comparison of these line profiles with those of
the B5/6 111 star HR4967 that has a T = 14,100 K [27] and a projected rotational velocity
v sini = 115 kms~! [28]. The comparison star spectrum was taken at the 0.81 rh telescope
of the Three College Observatory (TCO, North Carolina, USA) with an Eshel spectrograph
from Shelyak Instruments® and a spectral resolving power of R ~ 12,000.

The comparison suggests that VES 683 has a slightly lower Teg of 12,000-13,000 K and
a slightly higher v sini of ~150 kms~!. The spectroscopic T estimate agrees well with
that derived from the SED fitting (see Figure 1).

The clearly detected IR excess shows a strong decline toward longer wavelengths
(see Figure 1). Along with the detected forbidden oxygen lines, this feature is consistent
with the properties of FS CMa-type objects rather than with those of pre-main-sequence
Herbig Ae/Be stars.
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Figure 2. Parts of the OAN SPM spectrum of UCAC4 778-000339 taken on 25 November 2018.
(Left panel): Forbidden oxygen 6300 A and 6363 A lines and the Si 11 6347 A absorption line.
(Right panel): He 14471 A and Mg 11 4482 A absorption lines. Part of the spectrum of the B 111
star HR 4967 is shown by the red line for comparison (see Section 4.1 for a description). Intensity is
normalized to the local continuum. The wavelength scale is shown in Angstroms.

4.2. UCAC—-4 729-007078 (IRAS 00411 + 5528)

This object has not been referred to in the literature, except for the detection by the
IRAS mission. We obtained one medium-resolution optical spectrum at OAN SPM in 2010
and one low-resolution optical spectrum at Mt. Orzale in 2012. The OAN SPM spectrum
has a low signal-to-noise ratio but shows a P-Cyg type Ha line profile (see Figure 1) and
two components in both Na I interstellar absorption D-lines (5889 A and 5895 A). The
low-resolution spectrum reveals absorption lines of the hydrogen Balmer series typical for
a late B-type star. Neither helium absorption lines nor other emission lines were clearly
detected in the noise.

The SED shows an IR excess starts from the H-band and declines longward of
A ~10pum. This property along with the P-Cyg Ha profile are consistent with those
of a subgroup of FSCMa objects, whose CS disks are viewed nearly edge-on (cf. [29]).
The object is unlikely to be a pre-main-sequence Herbig Be star, as it lacks a surrounding
nebulocity and belongs to no star-forming region.

4.3. UCAC—4 725-014138 (2MASS 01380790 + 5453463)

This is another almost unstudied object mentioned only in one paper. Lee and Lim [30]
reported it in their study of the Per OB1 association as an emission-line star of the spectral
type AQ and classified it as a Herbig Ae/Be star. These authors took low-dispersion optical
spectroscopic observations with a resolution of 4.8 A /pixel and detected signs of emission
in the Ha line that was filling the atmospheric absorption.

Our medium-resolution spectrum taken at OAN SPM in October 2010 shows P-Cyg
type emission-line profiles of Hx and Hp, weak Fe 11 emission lines at 4923 A, 5018 A, and
5169 A, as well as weak but clearly recognized emission components in the Na 1 D-lines.
Lines of neutral helium were not detected, probably due to a low signal-to-noise ratio and
their intrinsic weakness. The low-resolution spectrum taken at Mt. Orzale in December
2010 also shows a P-Cyg type profile of the Ha line and the same Fe II emission lines, but
the higher members of the Balmer series show purely absorption profiles. This spectrum
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also shows the Mg 114482 A line that is much stronger than the neighboring He 14471 A
line, thus confirming the spectral type near AO.

The object’s Gaia DR3 distance (see Table 3) is in agreement with that of Per OB1,
e.g., [31]. A Digital Sky Survey visual image of it shows an arc-shaped nebulosity that may
be considered an indicator of its young age. However, the steep decline of the IR-excess is
inconsistent with its pre-main-sequence status. The emission-line spectrum is similar to
those of evolved objects with the B[e] phenomenon. A higher quality spectrum is needed
to further clarify the object’s nature and evolutionary status.

Table 3. Parameters of the studied objects.

UCACH4 1 b \% K EB-YV) Tets logL. EWHa« Slope Dist.
deg deg  mag mag mag K Lo A pc

778-000339 118.3 +3.1 11.4 8.44 0.7 12,000 2.18 -296 —0.7 705 (6)
729-007078 121.9 -7.1 12.6 9.52 0.8 11,750 2.79 —-9.9 -1.1 2012 (42)
725-014138 129.7 -74 130 10.37 0.7 11,000 2.28 —254 038 2346 (99)
685-083239 85.6 +2.9 14.7 7.53 21 17,000 492 —-1103  —19 6490 (525)
657-086975 79.2 +2.1 13.7 7.08 2.3 26,000 4.84 -17.5 - 1778 (62)
804-001080 120.6 +7.9 11.2 8.26 0.8 12,000 2.60 -92 —15 971 (12)

Column information: (1)—ID from the UCAC—4 catalog, (2)—galactic longitude, (3)—galactic latitude,
(4)—V-band magnitude, (5)—K-band magnitude from 2MASS, (6) —color-excess E(B — V) derived from the
SED fitting, (7)—T,¢ estimates described in the text (see Section4), (8)—logarithm of the luminosity in solar
units, (9)—equivalent width of the Hx emission line shown in Angstroms, (10)—the IR SED slope at wavelengths
A > 10 pm defined as d [log(A F,)]/d [log A], (11)—distance from Gaia DR3 in parsecs with uncertainties shown
in brackets [32].

4.4. UCAC—4 685-083239 (IRAS 20402 + 4638)

The object was first mentioned as an emission-line star in the vicinity of the North
America nebula (NGC 7000) by Welin [33]. In this paper, it was denoted UH«a 5 with a
spectral type B3 and a P-Cyg type profile in the Hp line. It also appeared in the Northern
Milky Way survey of stars with the Ha emission [24].

We took one low-resolution spectrum at Mt. Orzale in 2010 and two spectra at HCT
in 2020. All three spectra show the Ha through H+y lines in emission with P-Cyg profiles.
Higher members of the Balmer series are too weak to be recognized in the noise, as the
object is faint and reddened. Other emission features include numerous Fe II lines. We did
not clearly recognize the presence of He I lines, some of which are blended with those of
Fe 11 lines (e.g., 4922 A and 5015 A) at this resolution, and ruled out their appearance in
emission. Based on the spectral features and the SED fitting, we classify the object as a
B3-type star.

The ASAS SN light curve shows a stable average brightness (V = 14.69 £ 0.05 mag,
g = 15.67 £ 0.07 mag), while TESS data show some pulsation-like activity with an ampli-
tude of <0.1 mag. Such a small variability makes us confident in the existence of an IR
excess (see Figure 1). Although our low-resolution spectra contain no obvious forbidden
lines, the detected properties are most consistent with those of FS CMa objects (especially
the steep slope of the IR SED).

4.5. UCAC—4 657-086975 (AS415 = [KWI7] 46-33 = TIC 14320055)

AS415 was included in the Mount Wilson Catalog of Additional Stars with Ha emis-
sion by [34]. The Ha line emission was later confirmed by [24]. It is projectionally lo-
cated near the CygOB2 association at a distance of ~1.7 kpc from the Sun, which is
known to contain many massive stars obscured by a large interstellar extinction, e.g., [35].



Galaxies 2025, 13, 67

9of 15

Comeron et al. [36] selected AS415 as an object located in the outskirts of Cyg OB2, which
is corroborated by the Gaia DR3 distance (see Table 3).

We took two low-resolution spectra with the HCT telescope that show the presence
of He 15876 A line in emission as well as relatively strong DIBs at 5780 A and 5797 A in
addition to the emission in Ha. Our SED fitting reveals a weak IR excess and a discrepancy
between the WISE and MSX fluxes that may be due to temporal brightness variations, as
the data were taken at different times. This assumption is supported by the visual and
near-IR light curves shown in Figure 3. The brightness decrease occurred simultaneously in
both spectral regions, suggesting that it might have been due to obscuration of the star and
its wind by an external object or changes of the star’s intrinsic properties (e.g., luminosity).
There is no clear indication of a dusty IR excess.

B2y UCAC4 657-086975 ' ' ' ' ' ' ' '
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Figure 3. Light curves of UCAC—4 657-086975 (AS415). (Left panel): Top part shows the V-band
(blue symbols) and g—band (red symbols) light curve, while the bottom part shows the W1-band
(A 3.5 pm) light curve from the NEOWISE mission. The W1-band data are shown as monthly averages.
(Right panel): TESS light curve taken in sectors 14 and 15 (18 July 2019-9 October 2019) with a 30—min
cadence. The data are normalized to the local maximum brightness and folded with a period of
8.27 days.

The presence of the He I line in emission sets a lower limit for the star’s To to
20,000 K, e.g., [37]. The large extinction found in our SED fitting is mostly interstellar and
consistent with that for many objects in and around Cyg OB2 association. Correction for the
extinction makes its luminosity close to 10° L, which corresponds to that of a ~15 M star
near the end of main sequence. The relatively strong Ha emission suggests the presence
of a stellar wind, although the P Cyg absorption component is not clearly seen at our
spectral resolution. The origin of the photometric fading episode is unclear. This makes
further photometric observations as well as a higher-resolution spectroscopy worthwhile
for refining the knowledge of the object’s nature.

AS 415 was observed by The Asteroid Terrestrial-impact Last Alert System (ATLAS)
in two optical photometric bands ([38] c-band covering 420-650 nm and o-band covering
560-820 nm) and found to be variable with a period of 891 days and amplitudes of 0.3 mag
in both bands based on 69 c-band and 117 o-band observations. It was classified as a long-
period variable (LPV). However, the sparseness of the data makes this result uncertain.

TESS data taken during in seven sectors from 2019 to 2024 show weak and strictly
periodic brightness minima (see Figure 2, right panel) of different duration (~0.58 and
~0.295 days) and a period of 8.27 days. Due to a small depth (~5% of the maximum
brightness), the minima are not seen on the ASAS SN light curve, but a sample of the
ASAS SN data show nearly sinusoidal cycles with a similar period of 8.38 days and an
amplitude of 0.16 mag [39]. Additionally, shorter-term regular brightness variations are
also visible in the TESS data and may be due to pulsations. A preliminary analysis of the
TESS phase curve suggests that the binary system exhibits partial eclipses and consists of
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stars with different radii but with nearly the same brightness in the red spectral region.
A more detailed analysis of the light curve is out of scope for this paper, but the position
of AS415 on the HR diagram (see Figure 4) would change if the component luminosities
are comparable.

\ i 20

157

| | | |
4.4 4.2 4.0 3.8

log Teff

Figure 4. HR diagram for the studied objects. The objects are marked with the first three digits
of their UCAC—4 ID. Conservative uncertainties of 10% on T4 and 20% on the luminosities are
assigned to the objects’ parameters. Theoretical evolutionary tracks for rotating single stars from [40]
are shown as black solid lines along with the zero-age main-sequence. A theoretical birth line for
pre-main-sequence stars that corresponds to a 1 Myr isochrone from [41] is shown by a dash-dotted
line. Initial masses in solar units are shown near each corresponding track. The position of UCAC—4
657-086975 is given under the assumption that it is a single star.

4.6. UCAC—4 804-001080 (IRAS 00205 + 7023 = TYC 4298-248-1)

This is an unstudied object, whose unusual color indices were recognized in our search
with the criteria mentioned above. We took two high-resolution optical spectra with the
2.1m OAN SPM telescope and 4 spectra with CFHT (two in 2017 and four in 2018) and a
low-resolution optical/near-IR spectrum at Lick in 2018. The optical spectra show several
emission lines, such as a relatively weak Ha (see Figure 1), a much weaker HS within a
wide absorption profile, an O 1 8446 A, and three Ca 11 8498 A, 8542 A, and 8662 A lines. All
the emission-line profiles are double-peaked with nearly the same peak intensity ratios. In
particular, the Ha line profile shows very small variations of the violet-to-red peak intensity
ratio of 1.14 + 0.01.

Among the purely absorption lines that appear in the CFHT spectra, we identified a
narrow Ca II K line at 3933 A, several He I lines, Mg 11 4482 A, SilI6347 A, blended together
lines of the O I triplet at 7772-7775 A, and hydrogen lines of the Paschen series. All the
lines are broad, indicating a high projected rotational velocity. Forbidden emission lines
characteristic of objects with the B[e] phenomenon were not detected in our spectra.

The OAN SPM spectra taken with a lower resolving power (R ~ 18,000) show weak
absorption lines of He 14471 A and Mg 114482 A better than in the CFHT spectra due to a
higher S/N ratio (~110). The Mg 11 line is slightly stronger than the He I line, indicating
a late-B spectral type. The near-IR spectrum contains several hydrogen lines in emission,
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such as Paf at 1.28 um and Bry at 2.2 pm, while Pay at 1.08 pum and Pa¢d at 1.01 um are in
absorption (see Figure5).
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Figure 5. Parts of the near-IR spectra taken at the Lick Observatory. Major spectral lines are marked.
Intensity is shown in absolute units derived through calibration by standard stars. The wavelength
scale is shown in microns.

Combining the spectral type estimate and the averaged color index
B -V = 0.58 £0.11 mag (averaged from our data shown in Table2 and 27 obser-
vations taken from the APASS DR10 survey [42]), one can derive a color excess of
E(B — V) = 0.7 £ 0.1 mag that is consistent with a theoretical SED for Teg ~ 12,000 K
and the He 1/Mg 11 EW ratio. At the same time, the DIBs seem to be too weak for such
alarge E(B — V). For instance, EW of the DIB at 5780 A is equal to 0.17 A that results
in E(B—V) ~ 0.4 mag, according to [43]. The interstellar reddening in the object’s
direction [44] shows a large jump very close to its Gaia DR3 distance (see Table 3). In
particular, E(g — ) ~ E(B— V) = 0.49 mag at D = 0.97 kpc and 0.73 mag at 1.14 kpc.
Therefore, part of the total reddening derived in our SED fitting may be of CS origin.

IRAS 00205 + 7023 is classified as a young stellar object on the ASAS SN [39] website.
However, a steep flux decrease longward of A > 10 um suggests the absence of large
amounts of cold dust typical of pre-main-sequence stars. The object’s location on the
HR-diagram does not rule out its young age. It could be an isolated Herbig Be star, as no
obvious star-forming region has been found near its location.

5. Conclusions

In this study, which represents a part of our long-term search for candidate objects
with the B[e] phenomenon, we reported the results of our spectroscopic observations
of six objects from a group of several dozen objects selected on the basis of our earlier
developed photometric criteria. These criteria described in Section 2 include the following
color indices: V — K > 2 mag, | — H > 0.7 mag, and H — K > 0.7 mag, as well as the
constraint on the slope of the IR SED: d [log(A Fy)] / d [logA] < —0.5 at wavelengths
A > 10 um.

The spectra were supplemented with BV R¢ photometry of the three sample objects
taken at TShAO and photometric data from a range of optical and IR sky surveys. Fun-
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damental parameters of the underlying stars were estimated from the SED fitting in the
optical range, while the IR excess shapes were used to evaluate the evolutionary state.
The optical SED fitting process compared the observed SEDs dereddened with an average
interstellar extinction wavelength dependence [16] to a grid of theoretical SEDs from [21]
assuming a range of extinctions. The best fits are typically accurate to a few percent, and
the Teg values derived this way agree well with the spectroscopic estimates.

Forbidden emission lines, which are one of the defining features of the B[e] phe-
nomenon, were clearly found in one object (UCAC-4 778-000339, see left panel of
Figure 2) and may be present in spectra of UCAC—4 725-014138, UCAC—4 685-083239
(IRAS20402 + 4638), and UCAC—4 804-001080 (IRAS 00205 + 7023). Our spectra of the
three latter objects are either too low-resolution or have too low signal-to-noise to be confi-
dent in their presence. Also, five of the six objects clearly show an IR-excess typical of the
CS dust emission. The only object without an obvious IR-excess is UCAC—4 657-086975
(AS415), whose SED may not be well-constrained because of the photometric variability.
We should note here that forbidden lines may be very weak and hard to detect in objects
with small gaseous disks, whose size is limited by such factors as close companions or
recent changes in the mass-loss or mass-exchange processes.

Four of the six objects (VES 683, IRAS 00411 + 5528, 2MASSJ01380790 + 5453463, and
IRAS 00205 + 7023) were found to have luminosities between 10?> L, and 10° L, and
Tegr between 10,000 K and 13,000 K (see Figure 4). They may be either isolated pre-main-
sequence Herbig Be stars or early stages of more evolved objects with the B[e] phenomenon,
such as FSCMa type objects. The latter cf. [3] are proposed to be binary systems, which
at some evolutionary stage experience mass transfer that leads to the CS gas and dust
formation, or binary mergers cf. [45]. However, we found no signs of binarity in five out of
the six objects discussed here. Our experience shows that the best method to detect binarity
is spectroscopic monitoring (see [11] for a recent review), while we have only taken a few
spectra of the discussed objects.

The two remaining objects were found to have much higher luminosities (~10° L))
and higher Teg ~ 20,000 K. They might be massive stars with masses ~15 M, (see Figure 4).
UCAC—4 685-083239 is most likely a B[e] supergiant, as it shows a definite IR-excess due to
CS dust and a strong Ha line emission. If considered a single star, UCAC—4 657-086975
can be an early B-type supergiant that does not exhibit the B[e] phenomenon. However, if
the detected optical and near-IR brightness variations are indeed due to the presence of a
secondary component, a more detailed study of the system involving a higher-resolution
spectroscopy would be needed.

The results we obtained for these objects call for more detailed studies, which should
include high-resolution (R > 10, 000) spectroscopy and multicolor photometry in order to
refine the stellar and CS parameters, search for possible binarity, and clarify the objects’
evolutionary status. The objects are not bright enough for spectroscopy that allows precise
RV measurements at telescopes with mirrors smaller than ~1m, but this is the best way for
solving some remaining problems, such as distinguishing pre-main-sequence from more
evolved objects with CS environments.
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