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Abstract

HD 50138 is a 6.6 mag emission-line B-type star, whose nature is still controversial. It has
been thought to be a pre-main-sequence Herbig Be star and an evolved object with the B[e]
phenomenon, possibly a mass-transferring binary system. However, it has mostly been
studied on short timescales. We collected ~1000 medium- and high-resolution spectra
and available optical photometric data, which cover a time frame from 1981 to 2025, and
extended the study from emission lines to a range of absorption lines. A few episodes of
dramatic emission-line strength variations were uncovered as well as fast variations of
the absorption line widths on timescales of several days. We also found a few previously
unreported fadings of the star’s optical brightness seemingly associated with the Ha line
profile changes. At the same time, it is still unclear whether the object is a single star or a
binary system, as no regular variations of its observed parameters have been detected.

Keywords: spectroscopy; photometry; emission-line stars; circumstellar matter

1. Introduction

HD 50138 (V743 Mon) has been in focus of many researchers for about a century, but its
nature and evolutionary status are still a subject of debates. It was first mentioned as an
emission-line star with a double-peaked emission in the HS line, whose profile exhibited a
stronger redshifted peak (violet-to-red peak intensity ratio V /R < 1) based on two spectra
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taken in December 1920 by [1]. A few years later, it was included in the first list of B-type
stars with emission lines that was compiled to announce the discovery of a new class of
stars [2] [Be stars,]. In this list, HD 50138 was classified as a B8e V star with moderately
strong Balmer lines, whose profiles varied with a period of ~12 days.

The first long-term spectroscopic study by [3] based on 76 photographic spectrograms
taken between 1920 and 1930 showed strong variations of positions of both absorption
(e.g., He14471 A and Mg 11 4482 A) and emission lines (e.g., HIand [O 1] 6300 A). This
study suspected cyclic variations of the positions of different groups of lines with periods of
30 days and 5 years, neither of which was persistent nor consistent with orbital variations.
Later, HD 50138 was included in the first Mount Wilson Catalog of stars, whose spectra
contain bright hydrogen lines, as MWC 158 [4] and in a list of shell stars that at the time,
according to O. Struve meant “a star with an extended atmosphere” [5].

These and more recent spectroscopic investigations of HD 50138 were extensively
described to a different extent in [6,7]. The latter two studies analyzed spectra taken with
CCDs opposed to mostly photographic plate data of the 20-th century and suspected
other cycles in the spectral line variability, but no stable long-term cycles were found.
In particular, Borges Fernandes et al. [6] noted an optical brightness drop by AV ~ 0.2 mag
at the end of the 1970’s and tied it to a possible matter outburst, which was described in [8]
based on detection of double-peaked absorption-line profiles in the object’s UV spectrum.
This phenomenon was interpreted as the creation of a new circumstellar shell that moved
with a different velocity with respect to the previously existing one.

The advent of IR astronomy at the beginning of the 1970’s resulted in a discovery of
the IR-excess radiation in the spectral energy distributions (SED) of many emission-line
stars (e.g., [9]). In particular, appearance of forbidden emission lines (e.g., [O 1] and [Fe 11])
and a large IR-excess due to radiation from circumstellar dust, the features of B-type stars
defined as the B[e] phenomenon, landed HD 50138 in the first list of such objects [10].

At the same time, these very properties are similar to those of pre-main-sequence
Herbig Ae/Be stars, and the object was sometimes considered a young star (e.g., [11]).
Alternatively, based on a too strong an emission-line spectrum for a late B-type star, a fast
decline of the IR SED longward of A ~ 10 pm, and similarities with most unclassified
objects with the B[e] phenomenon, ref. [12] proposed that HD 50138 might be an evolved
binary system, whose circumstellar matter was created in an ongoing or past episode of
mass-transfer between the stellar components, and included it in a newly defined group of
FS CMa type objects.

For nearly 20 years since the introduction of the FSCMa group, some 30% of its
~50-70 members and candidates were proven to be binary systems see, (e.g., [13,14] for
recent reviews). Most of these results were obtained spectroscopically but not for HD 50138,
whose binarity was only suggested through spectro-astrometry [15]. The latter method does
not allow constraining a binary system’s orbit and consequently refining the knowledge of
its evolutionary history. This is why we attempted a longer-term spectroscopic investigation
of the object with the aid of all available previously published quantitative information
(both spectroscopic and photometric).

In this paper we report new findings on line profile variations, a correlation between
the optical brightness and the Ha line strength as well as on a long-term behavior of the
latter. The study covers the last 45 years of data taken for HD 50138 and highlights some
initial results of their analysis. We anticipate more discoveries in this unprecedented data
collection that will be reported in future papers.
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2. Observations

Our spectroscopic data have been taken at various telescopes equipped with spectro-
graphs, which are referenced in Table 1 along with the numbers of obtained spectra and
time intervals covered. The references typically contain information about data reduction,
which was done using all the standard procedures. They included bias subtraction, wave-
length calibration, separation of spectral orders, and intensity normalization to the local
continuum. Flat fielding was not performed for the OAN SPM and TCO data (see Table 1
caption for the acronyms). Since the Ha line in the spectrum of HD 50138 is very strong,
many spectra were taken with two sets of individual exposures: a set of shorter exposures
in order not to saturate the Ha and a set with longer exposures with the saturated line but
more counts in the continuum.

Also, for this study we gathered all published optical photometric and high-resolution
spectroscopic data. The sources of optical photometry taken before the year 2000 are
listed in Table 2 of [6]. We complemented these data sets with those from the HIPPARCOS
mission (1989-1993 [16]), the ASAS-3 database (V-band, 2000-2009 [17]), and our unpub-
lished multicolor photometry taken at a 0.5 m telescope of the South-African Astronomical
Observatory (SAAO) in 1998 (with the photometer described in [8]) and a 1 m telescope
of the Tien-Shan Astronomical Observatory (TShAO) located near Almaty, (Kazakhstan
19961999, see, e.g., [18] for the instrument description).

Our SAAO photometry was taken in the Johnson-Cousins system (UBV (RI)c), while
the TShAO data were taken in the original Johnson system UBV (RI); [19]. The HIPPAR-
COS photometric data were translated to the Johnson V-band magnitudes using formulae
from [20]. The ASAS-3 data taken at 5 different telescopes on each day were averaged. The
Kamogata/Kiso/Kyoto Wide-field Survey (KWS) has been recording the object’s brightness
since 2010 with two observations taken on most nights which we have averaged. The entire
V-band data collection is shown in the bottom panel of Figure 1.

Unfortunately, the star is too bright for the ongoing ASAS SN survey, but the TESS
space telescope observed it in three sectors for nearly a month each. TESS data were taken
through a red filter, which is centered on the effective wavelength of the Cousins Ic—band
(786.5 nm), and retrieved using the TESSExtractor software developed in [21]. The data are
shown in the bottom panel of Figure 1 shifted by 0.15 mag to roughly match the V-band
data, as a typical V — I¢ color-index see, e.g., [22] varied around this value irrespective of
the brightness level, and in Figure 2 in the original TESS magnitudes.

Table 1. Spectroscopic Observations of HD 50138.

Observatory Dates Telescope/Spectrograph/Location R Range (A) #sp Ref.
Mauna Kea 2004-2022 3.6 m, CFHT, ESPaDoNs, Hawaii 65,000 3800-10,500 10 [23]
OAN SPM 2005-2019  2m, REOSC, Baja California, Mexico 18,000 3700-7300 32 [24]

McD 2005-2012 2.7m, TX, USA 60,000 3700-10,500 5 [25]
IAO 2018-2019 2m, HCT, Hanle, India 25,000 4200-10,500 3 [26]
ORLM 2010-2021 1.2m, HERMES, La Palma, Spain 85,000 3800-9000 84 * [27]
APO 2020-2023 3.5m, ARCES, NM, USA 31,500 3600-10,500 5 [28]
TCO 2011-2025 0.81m, Eshel, NC, USA 12,000 3800-7800 427 [29]
La Luz 2023-2024 1.2 m, TIGRE, Guanajuato, Mexico 25,000 3750-8750 12 [30]

Notes: R—resolving power, # sp—total number of spectra taken, Ref.—references to descriptions of the
spectrographs. Observatory IDs: OAN SPM—Observatorio Astronémico Nacional San Pedro Martir;
CFHT—Canada-France-Hawaii Telescope; McD—McDonald Observatory; ORLM—Observatorio del Roque
de Los Muchachos; APO—Apache Point Observatory; TCO—Three College Observatory; HCT—Himalayan
Chandra Telescope at the Indian Astronomical Observatory. *—a total of 384 individual spectra were taken in
84 nights.
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Figure 1. Top panel: V/R peak intensity ratio of the Ha line. Symbols: black—data from litera-
ture, blue—Ritter Obs., red—Ondfejov Observatory [7], magenta—OAN SPM, maroon—HERMES,
indigo—BeSS, orange—TCO data. Middle panel: Equivalent width of the Hax emission lines in

60,000

1981-2025. Symbols represent the same datasets as those on top panel. Bottom panel: V-band light
curve. Symbols: black—[31], red—[22], orange—[32], indigo—ASAS-3, turquoise—HIPPARCOS,
blue—SAAO unpublished, magenta—TShAO unpublished, cyan—KWS [33], and green—TESS (cor-
rected by +0.15 mag to roughly match the V-band brightness level, barely seen through the KWS
data, see text for explanation). Vertical dashed lines show central times of the three deepest brightness
minima recorded in the ASAS-3 and KWS databases. Red lines with arrowheads show smaller
fadings well covered with spectroscopy that show simultaneous increase of the V /R ratio.
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Figure 2. TESS photometry taken in Sectors 6 (left panel, 16 December 2018-6 January 2019, cadence
30 min), 33 (middle panel, 18 December 2020-13 January 2021, cadence 30 min), and 87 (right panel,
24 December 202418 January 2025, cadence 200 s).

3. Results

The visual light curve of HD 50138 shows brightness variations within ~0.5 mag,
but most of the time the star is in a bright state with V ~ 6.6 = 0.1 mag. The TESS data
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(see Figure 2) present fast variations with a timescale of a few days and an amplitude of
~0.05 mag. Neither data set exhibits a strictly regular variability.

As mentioned above, the first noticeable fading in 1982-1983 was recorded in [22]
and discussed in [6] as a possible consequence of a 1979-1980 outburst suggested in [8].
Only one visual spectrum [34] that covered the Ha line, which showed a relatively low
equivalent width (EW) and an average V /R ~ 0.6, was published during this brightness
minimum (see top and middle panel of Figure 1).

Two other brief fading episodes, shown in the bottom panel of Figure 1 by vertical
dashed lines, were captured by the ASAS-3 survey in March 2007 (~]JD2454175) and
in April 2008 (~JD 2454580). Several spectra [7] were taken during the first one, which
lasted ~20 days. The Ha line EW was somewhat larger than average (70-80 A), but this
enhancement can be explained by a lower continuum level. At the same time, the V/R
ratio exhibited a small increase from ~0.6 to ~0.7.

The second fading by AV ~ 0.3 mag lasted for ~35 days but was not covered by
spectroscopic observations. Interestingly, the spectrum taken at OAN SPM on 4 October
2008, nearly 5 months later showed a rarely observed V/R > 1 not only in the Ha line,
but in other Balmer lines and a number of Fe II lines (see Figure 3). However, the spectrum
taken there on 10 October 2008, only six days after the first one, showed a reversal of the
V /R ratio in the higher members of the Balmer series (starting from Hp) and the Fe 1I lines,
while the Ha lines kept V/R ~ 1.2. Also, a number of absorption lines were split into two
components (e.g., Fe 114923 A shown in Figure 3, and Ca 11 3933 A).
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Figure 3. Left panel: Hu line profiles with very different V/R intensity ratios taken at OAN SPM on

the nights shown by each profile. Right panel: HB and Fe 114923 A line profiles taken in October

2008, when the Ha lines had V /R > 1. The line profiles are normalized to the local continuum and

shifted with respect to one another for a better viewing. The wavelength scale is heliocentric.

The latest strong fading recorded in the KWS database was centered on 21 January
2020 and lasted for ~20 days. This episode was well covered with spectroscopy from three
observatories (TCO, ORLM, and APO). The V-band light curve from the KWS database
along with the Ha line dynamics observed around this time are shown in Figure 4. The Ha
line profile began changing nearly simultaneously with the V-band brightness: the total
energy emitted in the line dropped by ~40% (EW measured around the strongest fading
was about the same as before this time due to the weaker continuum) and the V /R intensity
ratio rose to ~1. When the brightness came back to the normal level, the Ha line parameters
(EW and V /R) followed within about a month.

There are a few other, smaller fadings (shown by the red arrowhead lines in Figure 1)
well covered with spectroscopy which were accompanied by nearly simultaneous in-
creases of the V /R ratio in the Ha emission line. This phenomenon is observed during all
the fadings.
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Figure 4. The visual brightness minimum around 21 January 2020. Top panel: V/R peak intensity
ratio of the Ha line. Symbols: black—TCO, red—HERMES, blue—APO. Middle panel: Hx EW in
Angstoms. Symbols represent the same datasets as those on top panel. Bottom panel: Part of the
V-band light curve from KWS data.

Another phenomenon detected in a number of spectra in the entire range of the
spectral resolutions in our collection is line splitting (see Table 1). Although a clear splitting
of pure absorption lines, such as that shown in the left panel of Figure 4, was not frequently
observed (e.g., in 10 HERMES spectra, only one OAN SPM spectrum, and a handful of
TCO spectra), a variable broadening of many absorption lines occurs on a timescale of days
(see right panels of Figures 5 and 6).

— . . . —
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2011/02/25 ]

2011/02/03

09— =
T o T B H N B | e Ny
6340 6350 6360 6370 6380 6390 6340 6350 6360 6370 6380 6390
Wavelength [A] Wavelength [A]

Figure 5. Line profile variations at the highest spectral resolution (R = 85,000). Left panel: Si I
6347 & 6371 A line profiles in two spectra taken with the HERMES spectrograph. Right panel: Com-
parison of the Si II line profiles in HERMES spectra taken on 20 January 2013 (JD 2456313). Both
spectra are averaged from two subsequent 600-s exposures taken 23 min apart on JD 2456313.597
(black line) and JD 2456313.613 (red line). The profiles are normalized to the local continuum and
shifted with respect to one another for a better viewing. The wavelength scale is heliocentric.

Examples of the variability of the He 14471 A and Mg 114482 A line profiles are also
shown at the highest resolution in the left panel of Figure 6. Temporal and seemingly
irregular appearance of weak moving satellite absorption lines is obvious due very high
signal-to-noise ratios in the continuum (~200-400). Examples of fast emission-line pro-
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file variations, which include discrete absorption components (e.g., in Hp) are shown in
Figure 7.
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Figure 6. Left panel: Examples of the variations of some absorption line profiles: He 14471 A and Mg
114482 A taken with the HERMES spectrograph. Corresponding dates (year/month/day) are shown
at each spectral part. The profiles are normalized to the local continuum and shifted with respect to
one another for a better viewing. The wavelength scale is heliocentric. Right panel: Variations of
the full-width at the continuum level of the Mg 114482 A line from the TCO spectra taken between
September 2021 and March 2023.
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Figure 7. Short-term variations of some emission line profiles: HB and Fe 11 4923 A taken at
TCO in February—-March 2025. Corresponding dates (month/day) are shown at each spectral part.
The profiles are normalized to the local continuum and shifted with respect to one another for a better
viewing. The wavelength scale is heliocentric.

Overall, the emission-line spectrum of HD 50138 is getting stronger with time over the
studied period. It is especially noticeable since the time of the fadings detected by ASAS-3
when a significant drop of the Hx EW has occurred (see Figure 1). The TCO data show a
gradual increase of the average Ha line EW in the last ~15 years. This process is illustrated
in the left panel of Figure 8, where are only the measurements from the TCO spectra with
unsaturated Ha line profiles are summarized. A Lomb-Scargle periodogram for these
data with a linear trend removed calculated through a publicly available tool PGRAM
(https:/ /exoplanetarchive.ipac.caltech.edu/cgi-bin/Pgram /nph-pgram accessed on 22
October 2025) shows a strong but wide peak at a period of 615.83 days. The de-trended
data folded with this period are shown in the right panel of Figure 8.
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At the same time, the KWS data show a steady growth of the visual brightness by
~0.1 mag since 2010. Combined with the TCO data on the Ha ine, this indicates an
increase of the amount of circumstellar gas in the disk of HD 50138 that contributes to the
optical continuum.
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Figure 8. Left panel: Variations of the Ha line EW in the TCO spectra. The EW in A is plotted against
time (2012-2025). The red line shows a linear trend in the plotted data. Right panel: The same data
set with a linear trend removed folded with a period of 615.83 days that corresponds to the highest
peak in the power spectrum (see Section 3). The zero-point of phases is arbitrarily chosen to be the
date of the first TCO observation.

4. Discussion

The phenomena described above reveal a complicated dynamics of the circumstellar
gas, which is responsible for the creation of the emission features. It can also play a role in
altering the absorption line profiles created in the stellar atmosphere. However, processes
operating within the star may also be involved. One of them is the magnetic field action re-
cently discovered in another object that belongs to the FS CMa group, IRAS 17449+2320 [35].
The magnetic field manifests itself in splitting a number of absorption lines in the spectrum
of the latter object (e.g., C 1, N1 Mg I, Fe 11).

HD 50138 demonstrates some line splitting as well, but the observed features of this
phenomenon are very different from those in IRAS 17449+2320. The absorption lines in the
spectrum of IRAS 17449+2320 are much narrower than those in HD 50138, and the former is
noticeably cooler than the latter (Tog ~ 9800 K versus ~ 13,000 K). As a result, the split lines
can be resolved at a smaller separation of the components (0.1 to 0.5 A) in IRAS 17449+2320.
In the spectrum of HD 50138, a clear splitting is detected at the line components’ separation
of ~3 A (Av ~ 150 kms ™, see left panel of Figure 4). If such a large separation is attributed
to magnetic field, it would require a field strength of ~160 KGauss, which is much larger
than that of any known magnetic Bp/Ap star [36].

As shown in Figure 5, absorption lines in HD 50138 exhibit a very fast and seemingly
irregular temporal width variations, while IRAS 17449+2320 displays regular appearance
of redshifted absorption components with a period of 36 days connected to the star rota-
tion [37]. We note that the line profile distortion occurs only on the red edge in both objects.
Given the faster rotation period of HD 50138 (~2 days, see below), it cannot be excluded
that rotation is the cause of this variability. So far, we have multiple observations for only a
few nights, none of which covered those when the splitting was the largest.

There are several periods of 2-3 nights, when HERMES spectra were continuously
taken during a few hours. We measured the full-width at the continuum level (FWCL) and
EW) of the Si 11 lines (6347 and 6371 A), which showed large and variable broadening in
many spectra. Only small variations were found on some nights. For instance, 37 spectra
taken during 6 h on 18 January 2013 with an average signal-to-noise ratio of 150-200 in the
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continuum between the two Si 11 lines showed a broad 6347 A line with an average EW
of 0.47 + 0.03 A and an average FWCL of 7.2 + 0.5 A. However, 18 spectra continuously
taken during 5 h on 20 January 2013 showed a sudden jump of both parameters in the
last two spectra. In particular, EW changed from 0.46 4 0.03 to 0.52 4+ 0.01 A and FWCL
changed from 5.87 4 0.15 to 7.8 + 0.3 A (see right panel of Figure 5).

The emission-line strength in the spectrum of HD 50138 is obviously much larger than
that in many classical Be and Herbig Ae/Be stars of similar T see, e.g., [38]. The object’s
fundamental parameters were typically estimated from the absorption-line properties.
Frémat et al. [39] list Teg = 12,500 K, surface gravity log g = 3.27, projected rotational
velocity v sini = 70 km s~ (using the He 14471 A and Mg 114482 A lines), and rotational
axis inclination angle i = 16°. However, these authors mentioned that the spectrum of
HD 50138 was considered difficult to model due to the presence of numerous emission
lines and that their results could be inaccurate.

Borges Fernandes et al. [6] used both spectroscopic and multicolor photometric
data along with estimating a contribution from circumstellar and interstellar extinc-
tion to derive the star’s fundamental parameters. They concluded that HD 50138 has
a Tegr = 13,200 £ 500 K and assigned it an MK type of B6/7 111/V. Although other esti-
mates of the object’s Tess were published (e.g., 9450 K [40] or even 6392 K [41]), the above
mentioned values are obviously more reasonable because of the presence numerous He I
lines that are typical of the B-type star’s spectra.

The second paper by Borges Fernandes et al. [42] devoted to HD 50138 reports IR
interferometric data, which were used to derive the inclination angle of the circumstellar
disk (i = 56° £4°). In the third paper of this series, these authors [43] used a set of
8 HERMES spectra (which are part of our collection) to address short-term variations of the
absorption lines. They concluded that the variations were possibly caused by pulsations,
and measured a projected rotational velocity v sini = 74.7 + 0.8 kms~! from the He T
4026 A line profiles recorded in 4 highest quality spectra. Combining this result with the
inclination angle, they calculated a full rotational velocity of the star to be 90.3 &= 4.3 kms~!.

This rotation rate in combination with the Gaia DR3 distance 346 + 6 pc, [44] and
a luminosity of log L/Ls = 2.7 & 0.1 leads to a star’s rotation period of ~2 days (given
the uncertainty in the Teg). The luminosity is calculated from the average brightness
in the normal state V = 6.6 & 0.1, T quoted above and a corresponding bolometric
correction BCy = —0.9 £ 0.1 [45], and an interstellar extinction Ay = 0.25 mag [6]. It
does not take into account a possible circumstellar contribution (e.g., due to free-free and
free-bound radiation), but such a correction would not make a significant change of the
object’s position in the Hertzsprung-Russell diagram (see Figure 16 in [6]). The position is
close to the terminal-age main-sequence for a 4-5 M, star and roughly a half-way between
the birthline and the zero-age main-sequence if considered as a 5-6 My pre-main-sequence
star. However, its a too strong emission-line spectrum and a fast declining toward longer
wavelengths IR excess contradict both possible single-star solutions. At the same time,
detection of the putative secondary companion remains elusive.

The detected absorption-line profile variations shown in Figures 5 and 6 may be at-
tributed to a combination of the stellar rotation and variable mass ejection from the stellar
surface and falling back on it manifested by temporal appearance of weak emission compo-
nents on both sides of the line profiles. At the same time, these effects make measurements
of the radial velocities very complicated and uncertain. Our initial attempts to conduct
such measurements in several spectral regions resulted in a large scatter of values (between
~20 and ~100 kms~!) and finding no regular patterns.

Double-peaked emission-line profiles of early-type stars with V /R peak intensity
ratios noticeably less than 1 are typically interpreted as being formed in at least two-
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component circumstellar media that include a disk and a more extended envelope formed
by stellar wind [46]. A disk alone produces a profile with two nearly equal peaks, whose
intensity ratio slightly varies in binary systems due to density enhancements orbiting in
sync with the secondary component (see [47], for binary Be stars).

HD 50138 is a relatively cool star that typically generates a weak stellar wind compared
to those of early B-type stars. Therefore, it can be suggested that the weaker blue-shifted
components of the emission-line profiles may be due to the radiation passing through a
part of the dusty disk. On the other hand, the observed episodes of the V/R > 1 ratios
may manifest an increased stellar wind probably triggered by occasional matter outbursts
from the star’s surface, whose cause is still unclear. We note here that the Ha line EW
variations (see right panel of Figure 8) are most likely quasi-periodic because of a large data
scatter around the nearly sinusoidal average curve. They may be caused by some rotating
density enhancements in the circumstellar gaseous disk which may change their orbits
with time. Slower and aperiodic Hx EW variations were noticed in earlier spectroscopic
data (included in our collection shown in Figure 1) by Jefabkova et al. [7].

5. Conclusions and Future Studies

In summary, our spectroscopic monitoring of HD 50138 for the last two decades
combined with older data and long-term photometric observations showed a number of
previously unnoticed phenomena. These include fast variations of the absorption and
emission line profiles and clear splitting of some of them, detection of a new possibly
quasi-periodic variations of the Ha line EW, and more optical brightness fadings.

The previous studies quoted above dealt with much smaller data sets taken over short
periods of time than this study. Our analysis of the data collected over the last 40 years
indicates no significant changes to the fundamental parameters of the underlying star.
At the same time, even such a large and high-quality spectroscopic material did not allow
us to unambiguously conclude on the object’s binarity, which sometimes can be discovered
with just a few spectra see, e.g., [48]. HD 50138 might also be a result of a merger in a binary
system, as suggested in [49] for some FS CMa-type objects, but we currently do not see any
clear confirmation to this scenario.

Although it is currently unclear what causes the line profile variations, it is obvious
that HD 50138 is a very active star that requires more attention, which needs to include at
least frequent medium-resolution spectroscopy and multicolor photometry. The latter can
be done with small telescopes even by amateurs, because the star is bright (V' ~ 6.6 mag)
and typically above the saturation limit of automatic sky surveys (e.g., ASAS SN). We
continue the spectral monitoring from TCO and try organizing a campaign to extend the
yearly coverage and include contemporaneous photometric observations.
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