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ABSTRACT

Context. The blue supergiant (BSG) domain contains a large variety of stars whose past and future evolutionary paths are still highly uncertain.
Since binary interaction plays a crucial role in the fate of massive stars, investigating the multiplicity among BSGs helps shed light on the fate of
such objects.
Aims. We aim to estimate the binary fraction of a large sample of BSGs in the Small Magellanic Cloud (SMC) within the Binarity at LOw
Metallicity (BLOeM) survey. In total, we selected 262 targets with spectral types B0-B3 and luminosity classes I-II.
Methods. This work is based on spectroscopic data collected by the flames instrument, mounted on the Very Large Telescope, which gathered
nine epochs over three months. Our spectroscopic analysis for each target includes the individual and peak-to-peak radial velocity measurements,
an investigation of the line profile variability, and a periodogram analysis to search for possible short- and long-period binaries.
Results. By applying a 20 km s−1 threshold on the peak-to-peak radial velocities above which we would consider the star to be binary, the
resulting observed spectroscopic binary fraction for our BSG sample is 23± 3%. An independent analysis of line profile variability reveals 11
(plus 5 candidates) double-lined spectroscopic binaries and 32 (plus 41 candidates) single-lined spectroscopic binaries. Based on these results, we
estimated the overall observed binary fraction in this sample to be 34± 3%, which is close to the computed intrinsic binary fraction of 40± 4%.
In addition, we derived reliable orbital periods for 41 spectroscopic binaries and potential binary candidates, among which there are 17 eclipsing
binaries, including 20 SB1 and SB2 systems with periods of less than 10 days. We reported a significant drop in the binary fraction of BSGs with
spectral types later than B2 and effective temperatures less than 18 kK, which could indicate the end of the main sequence phase in this temperature
regime. We found no metallicity dependence in the binary fraction of BSGs, compared to existing spectroscopic surveys of the Galaxy and Large
Magellanic Cloud.
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1. Introduction

B-type supergiants (BSGs), also simply referred to as “blue
supergiants”, comprise a major piece of the puzzle in our
understanding of massive star evolution. From a spectral mor-
phology point of view, BSGs exhibit the luminosity class of
(LC) Iab/II, which corresponds to the bolometric magnitude of
<−7 mag, and they have specific diagnostic metallic (mainly sil-
icon and magnesium) absorption lines in the spectra (Lennon
1997; Negueruela et al. 2024). Given their basic parameters and
position in the Hertzsprung–Russell diagram (HRD), they are
located in a region that is predicted to mark the transition
between core hydrogen and helium-burning. The precise loca-
tion of this region depends a great deal on our understanding
of the processes in the stellar interior, which are still subject to
severe uncertainties, such as internal mixing (for a review of how
mixing influences the fate of BSGs, see Bowman 2020). The
same HRD region can be covered by objects with different inter-
nal structures, such as more evolved helium-burning stars that
? Based on observations collected at the European Southern Obser-

vatory under ESO program ID 112.25W2.
?? Corresponding author: mbritavskiy@uliege.be

have lost a part of their outer layer, either intrinsically or via
binary interaction. Moreover, there are serious open questions
concerning the surface and wind properties of B-type super-
giants and their evolutionary origins (see Trundle et al. 2004;
Bernini-Peron et al. 2024).

On the main sequence (MS), the progenitors of BSGs
are OB-type stars. By now, it has been well established that
OB stars have high multiplicity rates (50–70%, see Sana et al.
2012; Banyard et al. 2022; Offner et al. 2023). However, for
many decades, it was widely believed that BSGs are prefer-
ably single objects (Humphreys 1978; McEvoy et al. 2015;
Simón-Díaz et al. 2024; de Burgos et al. 2024). Thus, we would
naturally expect that a significant fraction of BSGs are prod-
ucts of binary interaction. One of the explanations could be that,
in the BSG regime, there is a high fraction of merger prod-
ucts (Vanbeveren et al. 2013; Justham et al. 2014; Menon et al.
2024; Schneider et al. 2024). One of the most famous example
is the progenitor star of SN 1987A, which was expected to be a
red supergiant (RSG, see Walborn et al. 1987); however, it was
later shown the progenitor is a BSG and a binary-merger sce-
nario provides a natural explanation for both the BSG star and
the rings of ejected material surrounding it (Podsiadlowski 1992;
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Podsiadlowski et al. 2007; Menon & Heger 2017). Another hint
of predominance of binary interaction products in the BSG
domain is a low multiplicity fraction of BSGs claimed in dif-
ferent multi-epoch spectroscopic surveys across different metal-
licity environments, namely, the estimated observed binary
fraction of BSGs in the Galaxy is ∼27% (see, de Burgos et al.
2025) and in the Large Magellanic Cloud (LMC), it is approxi-
mately 23± 6% (Dunstall et al. 2015).

The existence of blue loop phenomena challenges our
understanding of BSG even further because it depends
sensitively on the adopted core and envelope boundary
physics (e.g., Stothers & Chin 1992; Walmswell et al. 2015;
Bowman et al. 2019; Farrell et al. 2022), which remains uncer-
tain. For example, by increasing the semiconvection effi-
ciency, it is possible to keep the star bluer until later
in its evolution (as shown in the example of SN 1987A,
Podsiadlowski & Joss 1989; Langer et al. 1989). However, this
parameter may strongly depend on the metallicity and age
of the star. While bona fide blue loops following a RSG
excursion are not expected above ∼15 M� (Saio et al. 2013;
Walmswell et al. 2015; Schootemeijer et al. 2019; Klencki et al.
2020; Schneider et al. 2024), secondary stars in interacting bina-
ries where accretion leads to the growth of the convective core
during the MS phase (e.g., Neo et al. 1977; Hellings 1983;
Renzo et al. 2023; Wagg et al. 2024) may experience long-lived
blue loops (possibly after being ejected from the binary at the
core-collapse of their companion; see Renzo et al. 2023), which
could also explain such a low observed spectroscopic binary
fraction in this domain.

Thus, BSGs are the ideal targets to study the late evolution-
ary stages of massive binary systems. As one of the param-
eters we can use to investigate them, we can choose their
CNO abundances (e.g., Evans et al. 2004; McEvoy et al. 2015;
Mahy et al. 2016; de Burgos et al. 2024) or we can characterize
and reproduce the orbital parameters of known BSG binaries by
using evolutionary models if the initial conditions and proper
physics of binary interaction are accounted for. The existence
of short- and long-period BSG binaries may suggest different
evolutionary paths that could form such systems (first identified
by Stothers & Lloyd Evans 1970). For example, the short-period
systems with a BSG-like spectrum can allow us to infer that they
are donor stars in the Algol system (case A mass transfer, see
e.g. Sen et al. 2022); whereas BSGs on a long orbit can either be
evolved single star (pre-interaction system) or merger products
in a triple system.

In addition, it is important to distinguish the origin of LC I
BSGs from that of LC II. The less luminous BSGs (LC II) could
represent the end of the MS phase of B-type stars, while more
luminous BSGs could be post-interaction long-period systems or
merger products. Moreover, BSGs of luminosity class Iab could
have previously experienced the RSG phase; if the binary sys-
tem survives a significant radial expansion during this phase, the
resulting system should also be a long-period one. Indeed, if at
some point, BSGs would observationally appear as luminous blue
variables, 60% of them would be expected to be in long-period
binary systems (Mahy et al. 2022). Thus, once we are able to con-
strain the different evolutionary paths of BSG origins, it will be
easier to characterize the overall BSG appearance on the obser-
vational HRD; for instance, it would allow us to solve the known
problem of the Hertzsprung gap (i.e. why we observe a significant
number of BSGs relative to what theoretical models predict; see
Fitzpatrick & Garmany 1990; Weßmayer et al. 2022).

To address these problems, we study the multiplicity prop-
erties of massive BSGs (Mini & 8 M�) in the Small Magel-

lanic Cloud (SMC) within the new Binarity at LOw Metallic-
ity (BLOeM, Shenar et al. 2024) survey. Apart from homoge-
neous and statistically significant numbers of observed massive
stars, this survey gives the unique opportunity to study the evo-
lution of BSGs at low metallicity (Z = 0.2 Z�). The BLOeM sur-
vey contains multi-epoch spectroscopic observations of nearly
1000 stars in the SMC across different spectral types. The sur-
vey has been divided into different sub-samples that represent
various evolutionary stages of massive stars across the HRD,
namely: the O-type star domain (Sana et al. 2025), the B-type
dwarfs (spectral types B0-B3, Villaseñor et al. 2025), OeBe stars
(Bodensteiner et al. 2025), the BSGs (present work), and the
cool supergiants (spectral types later than B3 up to F-type super-
giants, see Patrick et al. 2025).

The main goal of the present paper is to provide the first pre-
liminary multiplicity constraints of the large and uniform sam-
ple of BSGs located in the SMC. The paper has the following
structure: In Sect. 2, we present briefly the available dataset. In
Sect. 3, we describe in detail all steps of radial velocity (RV)
determination and spectroscopic binary classification. Sections 4
and 5 present a discussion and conclusions, respectively.

2. Sample selection and observations

The entire BLOeM sample was built by using the third Gaia
data release catalog (Gaia Collaboration 2023), combined with
a parallax and proper motion filters to eliminate the contami-
nation from foreground objects. Then, to select only massive
stars, we used the SMC evolutionary tracks (Schootemeijer et al.
2019) and appropriate colour cuts. More detailed information
about the sample selection, spectral type (SpT) classification,
and data reduction can be found in Shenar et al. (2024). The
BLOeM ESO observing proposal is assembling 25 epochs of
observations over a two-year timespan; however, the present
work is based on the nine first epochs of observations spread over
three months in 2023. The spectra were obtained with the VLT
FLAMES spectrograph in GIRAFFE mode and cover the wave-
length range 3950 to 4560 Å with a spectral resolving power
of R = λ/∆λ = 6200. The individual spectra have a signal-to-
noise ratio per pixel (S/N) that ranges from ∼30 up to 300, with a
median value ranging from 70 to 100 depending on the observed
field.

The sample of stars studied in this work is defined as tar-
gets with spectral types B0-B3 and luminosity classes I-II, which
amounts to 264 targets. However, for two of them (BLOeM 7-
066 and BLOeM 7-077), only one epoch was acquired due to
instrumental issues; therefore, we excluded them from the anal-
ysis so far. The position of the BLOeM targets on the HRD is
shown in Fig. 1. In addition, in Fig. 2, we present the distribu-
tion of the final sample of BSGs (262 targets in total) by spectral
types and luminosity class. With the preliminary estimates of
effective temperatures (Teff) and luminosities (log(L/L�)) taken
from Shenar et al. (2024) we also estimated the values of radii
(R) using the Stefan-Boltzmann law (we listed all fundamen-
tal parameters for each BSG in Table 1). The values of Teff

were determined by using the SMC SpT-temperature relation
(Dufton et al. 2019) and bolometric luminosities were calcu-
lated through the Ks band photometry (taken from the VISTA
Magellanic Survey, Cioni et al. 2011), V-Ks colors, and V-band
bolometric corrections (Lanz & Hubeny 2007) with the adopted
interstellar extinction equal to zero. The extinction in infrared
bands can be assumed negligible because the extinction in the V-
band towards SMC AV ∼ 0.35 (according to Schootemeijer et al.
2021) that corresponds to AKs ∼ 0.03. The step in our SpT
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Fig. 1. Hertzprung-Russell diagram for the entire BLOeM survey with highlighted early B-type supergiants that have been selected for study in
the present work (marked with orange star symbols, 262 in total). Non-rotating stellar evolutionary tracks represent the evolution of single stars at
SMC metallicity calculated by Schootemeijer et al. (2019) with mass-dependent overshooting (described in Appendix B of Hastings et al. 2021).

classification is 0.2–0.3 in the B0 sub-type and 0.5 in later spec-
tral sub-types (i.e., B1, B1.5, etc.), which explains the steps and
error bars of Teff values on the HRD (see Fig. 1).

Notably, the majority of BSGs in our sample exhibit LC
II, however, the entire sample has a broad luminosity range
(∼3.5< log (L/L�)<∼ 5.5) that could overlap with the B-type
giants LC: III. The reason for it is in the limited wavelength
spectral range presently available, for a more precise LC clas-
sification, it is necessary to have a wider wavelength coverage
for all BLOeM targets (including the Hα region). Thus, for any
further interpretation of the results, we prefer to use the differ-
ent domains of luminosity ranges rather than LCs. At the present
stage, the luminosity estimates are more reliable (especially tak-
ing into account negligible interstellar extinction towards the
SMC). In any case, the given sample of BSGs represents an
early B-type supergiant phase that is expected to be evolution-
ary descendants of the OB-type dwarfs and giants on the MS.
We defined the spectral type boundary of the sample as B0 –
B3 because on later spectral types RV variations of supergiants
are much smaller (<10 km s−1, see Patrick et al. 2025). Thus, the
techniques of studying multiplicity properties of late-B, A-, and
F-type supergiants should be different. Thus, to have a uniform
sample of BSGs in terms of spectral morphology and RV varia-
tions we limited our sample to the B3 spectral type.

3. Analysis methodology

To get meaningful and comprehensive results regarding the mul-
tiplicity of our sample, we applied different approaches that
complement each other. First, we estimated the number of BSGs
with the amplitude of RV variations above the threshold of
20 km s−1. In this way, we derived the observed fraction of spec-
troscopic binaries in our sample of BSGs. Then we evaluated the
line profile variability of all targets to detect potential spectro-

B0 B1 B2 B3
SpT

0

20

40

60

80

100

120

#

LC: Ia

LC: Iab

LC: Ib

LC: II

Fig. 2. Number of selected early B-type supergiants in the BLOeM sam-
ple as a function of spectral sub-types and luminosity classes.

scopic binaries and BSGs with a significant intrinsic variability.
The next steps were to derive reliable orbital periods and eval-
uate the Roche-lobe filling factor for all targets in our sample.
In addition, we estimated the intrinsic binary fraction for BSGs
in our sample by correcting the observed spectroscopic binary
fraction for the observational biases. In the next subsections, we
describe the individual steps of our analysis in detail.
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Fig. 3. Example of individual radial velocity measurements by using a cross-correlation technique based on different wavelength ranges for the SB1
system (left panel, BLOeM 1-103) and an apparently single BSG with small RV variation (right panel: BLOeM 4-023, noting that the ordinate
axis is significantly zoomed-in). Blue error bars represent the standard deviation of measurements based on the cross-correlation of the entire
wavelength range and the red error bars represent the standard deviation of mean radial velocity based on the three different wavelength pieces.

3.1. Radial velocity measurements

In principle, BSGs are located in a temperature regime where
a considerable number of metal lines (e.g., ions of carbon, sili-
con, oxygen, and nitrogen) can be found in the optical spectrum,
which would mark them as ideal features for RV measurements.
However, taking into account the resolution and resulting S/N
of the spectroscopic data, these metallic lines are not always
prominent. In addition, at the SMC metallicity, all metallic lines
are expected to be not as prominent as at the solar metallicity.
Thus, to get the individual RV measurements, we took the whole
available wavelength range (λλ3985–4560 Å) in each spectrum
and cross-correlated it with a template. We followed the cross-
correlation technique described in Zucker (2003). As a template,
we used the stacked spectra of all available epochs per individual
object, which were shifted to the vacuum-wavelength by using
TLUSTY model templates.

As we are performing cross-correlation of the observed spec-
tra with the stacked one for a given star the resulting cross-
correlation function (CCF) could have artifacts that are related
with a noise auto-correlation or the presence of emission lines.
It could affect the morphology of the peak of CCF from which
we get the final RV estimates (we present the example of such
case in Fig. A.1). To minimize such effects we fit the CCF with
a second-degree polynomial function to smooth the final CCF
curve. This fitting makes the resulting RV measurements more
independent from the S/N, however, it increases the standard
deviation of RV estimates because, in the Zucker formalism, the
final error bars are dependent on the sharpness of the peak in the
CCF and the curvature of the parabola is smoother than the orig-
inal CCF (see the corresponding uncertainties of RV estimates
in Fig. A.1).

In addition, to check how the wavelength calibration remains
stable throughout the entire spectrum range and to investi-

gate the contribution of individual metallic lines to the result-
ing RV measurements, we decided to cut the spectrum into
three segments and perform cross-correlation with respect to
the stacked reference spectrum accordingly. Specifically, we
chose the following segments: (i) λλ3985–4050 Å (with present
N ii λ3995, He i λ4009, He i λ4026 lines), (ii) λλ4090–4150 Å
(H δ λ4100, Si iv λ4116, Si ii λλ4128−4130 lines available), and
(iii) λλ4375–4560 Å (with a prominent He i λ4387, He i λ4471,
Mg ii λ4481, and Si iii λ4552 lines). The results of these mea-
surements are presented in Fig. 3 on an example of objects
with significant (BLOeM 1-103) and extremely small (BLOeM
4-023) RV variations. The main conclusion of this exercise is
that RV measurements based on the three different ranges are
within the standard deviation of measurements based on the
cross-correlation of the entire wavelength range (blue error bars
in Fig. 3). Moreover, the presence of prominent hydrogen and
helium lines even in low S/N spectra makes cross-correlation
results of the entire spectrum more reliable with respect to the
small ranges with metallic lines; thus, we decided to use RV
estimates from the full spectral range as the final ones for fur-
ther analysis. The standard deviation of individual RV measure-
ments based on the full spectral range and the standard deviation
of mean RV estimates based on the three spectral pieces men-
tioned above are presented in Fig. A.2. There, we can see the
dependency of presented error bars from the resulting spectral
S/N. Also, in the case of spectroscopic binaries (which have been
visually identified), the standard deviation of mean RV based on
three different spectral regions could significantly increase (σ
RV> 10 km s−1). It is important to mention that in the case of
SB2 systems, our RV measurements are potentially unreliable
because we used only one stacked template to cross-correlate the
spectra with each other. Thus, if a prominent second companion
is present in the spectrum, the CCF could give erroneous esti-
mates of RV. Nevertheless, it does not affect our results because
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the final spectroscopic binary classification for all targets, apart
from the RV measurements, is also based on the line profile vari-
ability analysis (see the next subsection).

The next step was to derive the peak-to-peak ampli-
tude of radial velocity variations (RVPP). We defined it as
RVPP = max(|RVi −RV j|), where i and j denote one of the nine
epochs. Following Sana et al. (2012), Dunstall et al. (2015) and
other accompanying BLOeM papers, each of the RVPP estimates
should satisfy the significance criteria that we have defined

according to the next rule: |RVi −RV j| /
√
σ2

i + σ2
j > 4, where

σi, and σ j are the individual RV uncertainties at epochs i or j.
If we detected that the significance criteria had not been satis-
fied, we examined the quality of the spectra and in case of very
low S/N spectra (S/N< 50), we excluded that spectrum from the
analysis. The uncertainty associated with the final estimate of
RVPP is computed as an error propagation ofσi andσ j. We listed
the RVPP values for all targets in Table 1.

Figure 4 illustrates the fraction of BSGs with RVPP larger
than various RV thresholds. The grey shaded area indicates the
binomial error for each calculated fraction of those BSGs in
our sample. As a next step, we calculated the spectroscopic
binary fraction of BSGs above the given RV variations. Fol-
lowing the Sana et al. (2013) methodology, we considered a
star to be a probable binary if it passes the significance crite-
ria and has RVPP > 20 km s−1. This choice of threshold is based
on the expected intrinsic RV variability among OB supergiants
(see Ritchie et al. 2009; Simón-Díaz et al. 2024). In this way, as
a first-order approximation, we can already estimate the spec-
troscopic binary fraction of our BSG sample. However, this
approach is very sensitive to the adopted threshold. For exam-
ple, as can be seen in Fig. 4, by decreasing the threshold from
20 km s−1 down to 10 km s−1, the binary fraction increases from
24% up to ∼43%. At this step, for a correct interpretation of
results, it is very important to understand the other sources of
RV variations, which could lead to the significant RVPP values.

3.2. Line profile variability

The BSG domain is characterized by significant intrinsic pul-
sation because at this evolutionary phase, the stars suffer from
numerous intrinsic instability mechanisms. For instance, late O-
type and B-type stars are known to exhibit RV variations caused
by non-radial pulsations (caused by heat-driven p- and g-modes
and internal gravity waves) such as those present in slowly pul-
sating B stars or β Cephei stars (see e.g., Godart et al. 2017;
Burssens et al. 2020).

Consequently, pulsations could affect the shape and position
of absorption lines which we can interpret as hints of binarity.
Such a line profile variability could show RVPP variations up to
30 km s−1 (see e.g., Simón-Díaz et al. 2024). One example of
such intrinsic variability in combination with binary motion can
be seen for the system BLOeM 1-103 (left panel in Fig. 3). The
binary shows a significant global trend of primary component
movement and furthermore, there are fluctuations in the RV vari-
ations (third and fourth epoch) caused by the intrinsic variations
associated with stellar pulsations. Thus, to avoid false-positive
detections of binaries, we decided to make a visual inspection of
line profile variability for all available spectra.

We examined how the shapes of line profiles changed within
the available epochs and grouped the targets into the follow-
ing categories, referring to their spectroscopic binary status:
(i) apparently single or line profile variable (lpv), (ii) single-
lined spectroscopic binary (SB1), (iii) intermediate between SB1

20 40 60 80 100

RVPP [km s−1]

10

20

30

40

50

60

70

%

Fig. 4. Fraction of BSGs with RVPP larger than a given threshold. The
gray shaded area represents the binomial error associated with the cor-
responding value of the binary fraction.

and lpv (i.e. non-prominent spectroscopic binary, lpv/SB1), (iv)
double-lined spectroscopic binary (SB2), and (iv) intermediate
between SB1 and SB2 (SB1/SB2). The main criterion we fol-
low to distinguish between these sub-categories is the behavior
of line profile variability – if the wings of the line do not change
their position, but the core is moving significantly, we consider
it as “lpv”. This corresponds to the spectroscopic binary status
of “apparently single” in our formalism. In the case of low S/N,
when it is difficult to distinguish movements of the wings, we
marked it as “lpv/SB1”; if we spot a clear motion of the entire
line, we classified it as “SB1” (we present the examples of line
profile variability for each of these types in Fig. A.3). The class
of SB2 usually shows a clear change in the morphology of line
profiles or if it is unclear we mark it as “SB1/SB2”. These visual
inspections help to understand the nature of RV variations and,
taken together with the RVPP measurements, they allow us to
describe the sample more comprehensively.

In Fig. 5, we show the resulting RVPP distribution together
with splitting targets by spectroscopic binary status. As we can
see there are a few SB1/SB2 systems with a small RVPP that
could be missed without visual inspection of line profile variabil-
ity. Targets classified as “lpv/SB1” have RVPP up to 50 km s−1;
however, we need to admit that such a classification depends a lot
on the available number of observations. More available epochs
will increase the accuracy of our classification and the “lpv/SB1”
class of targets should become less numerous in comparison to
what we have in the present work. The overall classification and
RVPP results for each BSG are presented in Table 1.

3.3. Periodogram analysis

We applied Lomb-Scargle (LS) periodogram analysis (Lomb
1976; Scargle 1982) to plausibly detect the most reliable orbital
period that would be capable of describing small RV variations.
We searched for orbital periods in the range between 0.4 and 500
days. While this range is rather broad, it potentially could help
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us to detect long-period binary candidates. For the LS analysis,
we used its implementation in MINATO code1. The fitting of
only nine available epochs with a sinusoidal function requires a
lot of extra checks for the result’s reliability. Indeed, with such
a cadence of observations, it is easy to fit them with any appar-
ent short periods (i.e., <2 days). In addition, the aforementioned
2 day period serves as a minimum period boundary, which is
defined as the Nyquist frequency for a given minimum interval
(∼one day) between the observations in the BLOeM campaign.

To avoid any false-positive period finding, we computed the
false-alarm probability (FAP) to estimate the probability of hav-
ing a peak in terms of LS power parameter of a certain height
at a given frequency (see the broad definition of this param-
eter in VanderPlas 2018). The FAP shows the significance of
the derived period for the non-periodic signal with respect to
the rest of the available solutions. Following Villaseñor et al.
(2021), we can determine whether the FAP of the correspond-
ing peak is below the 0.1% of the FAP level and, thus, we can
consider the star as SB1 (which means that a given system has
a determined orbital period with a probability less than 0.1%
of the FAP). However, as we point out above, the BSG domain
overlaps with the β Cephei period regime for pulsations; thus,
apart from the prominence of the LS power peak with respect
to the FAP level, we consider the absence of similar peaks on
the periodogram. While we performed a visual inspection of
periodograms, we notice that a lot of targets with a small RVPP
that have been classified as apparently single or “lpv/SB1” have
a lot of similar peaks that correspond to the periods of less
than 2 days. However, those similar peaks on the periodogram
never have FAP of less than 1% FAP level. In this case, we
do not consider estimated periods as bona fide; meanwhile, if
we detected only one prominent peak with an LS power larger
than the power corresponding to the 0.1% of FAP, we confi-
dently marked it as a reliable period estimate. Notably, we never

1 https://github.com/jvillasr/MINATO/

detected several peaks with such a high LS power; thus, a given
conservative FAP threshold gives reliable orbital period esti-
mates. Examples of the most representative periodograms and
line-profile variability types for different targets are presented
in Fig. A.3.

The estimated periods as a function of RVPP for all our tar-
gets are presented in Fig. 6. We highlighted by colors only those
BSGs that have peaks on the periodogram higher than 0.1% of
false-alarm level. It is a conservative selection, however, in this
way, we were able to reduce the number of false-positive detec-
tions of spectroscopic binaries. In total, we found 41 spectro-
scopic binaries (SB1, SB2, lpv/SB1, and SB1/SB2) with bona
fide periods and two lpvs with small RVPP variations. The rest
of the targets require more observations for their definitive clas-
sification. However, we already can conclude that there are a
lot of lpvs that could be pulsating variables, especially with a
RVPP < 10 km s−1 and periods less than 2 days.

The estimated periods were compared with 17 feclipsing
binaries (EBs, based on the OGLE-IV data; see Pawlak et al.
2016) which are known in our sample (see the “notes” column
in Table 1). The vast majority of SB2 systems are EBs with peri-
ods of less than 10 days, while most of the SB1 systems are not
eclipsing (see Fig. 6). The photometric and RV variation peri-
ods are identical apart from a progressive discrepancy towards
long-period systems BLOeM 4-077 (Porb ∼ 49.2 d), BLOeM 5-
040 (Porb ∼ 128.7 d), and BLOeM 3-073 (Porb ∼ 293.7 d). This
is expected because nine epochs distributed within three months
are not efficient in detecting reliable periods with more than 45
days. Indeed, to constrain successfully the orbital solutions from
the light- or radial-velocity curves it is necessary to fit twice the
phase-folded data, to avoid the uncertainties in orbit eccentricity,
and so on.

Other problematic targets (six in total) were the ones for
which we detected a period of less than one day based on the RV
measurements, however, their photometric light curves show the
periods in a range of 1.4–5.1 days. It is explained by the fact that
three of these systems are SB2s (BLOeM 7-116, BLOeM 5-075,
BLOeM 4-067). Thus, it is necessary to disentangle the spectra
first in order to get true RV estimates of the companions and con-
sequently reliable period estimates. Another three systems are
SB1s, one of which deserves particular attention. The BLOeM
4-068 has a significant RVPP variation (74.80 km s−1) and based
on our periodogram analysis, it exhibits Porb ∼ 95.24 days, how-
ever, based on OGLE data the period is 1.39 days. The light
curve shows the tiny eclipses (∼0.04 mag) and such a short
observed period as we would expect for the contact binary con-
figuration of two B-type MS stars. On top of that, there is a small
amplitude signal at ∼183 days, which could be associated with
a double of Porb we detected from RV measurements. Thus, we
can assume this system is a triple, with two MS stars on the inner
orbit and BSG on the outer one.

To conclude, given the limited number of epochs and time
cadence of the observations, the most reliable range of the
estimated periods of RV variations in our analysis should be
between 2 and ∼50 days. These period boundaries are deter-
mined by cadence and time span of presently available BLOeM
observations. If we aim to fit the phase-folded radial velocity
curve twice, the maximum period boundary is ∼25 days, while
we can extend this boundary to the observed range of obser-
vations ∼100 days if preliminary period estimates are required.
In the case of systems with longer periods (Porb > 100 days),
we must increase the cadence and time span of observations
because such systems can be eccentric; thus, we cannot use the
LS approach where we can fit only the circular orbits.
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Fig. 6. Estimated periods of radial velocity variability as a function
of RVPP (top panel) and the Roche-lobe filling factor (bottom panel)
for the entire sample of BSGs together with their spectroscopic binary
status. We colored only the targets with the FAP below the 0.1% of
FAP level. All detected eclipsing binaries are marked accordingly. The
blue-shaded area represents the region where orbital periods and spec-
troscopic binary classification for all BSGs are well-constrained given
the limitations of available data. The red-shaded area (bottom panel)
indicates the non-bonafide region in terms of estimated orbital periods
(<2 days) and Roche-lobe filling factor (R1/RRL > 1.5).

3.4. Exploration of the minimum boundaries for the orbital
period of spectroscopic binaries

The detection of a few extremely short-period (Porb < 2 days)
SB1 and SB2 systems raises the question of whether such BSG
systems could physically exist. To check this, we computed the
Roche-lobe filling factor for all sample of BSGs, defined as the
ratio of the radius of the assumed primary component to its

Roche-lobe radius (RRL). We computed it for all targets because
such a test can indicate which estimates of minimum orbital peri-
ods are not physically realistic. We used the Eggleton (1983) fit-
ting formula to compute the RRL for all spectroscopic binaries by
assuming the constant mass ratio q = M2/M1 = 0.55 and their
primary components’ evolutionary masses and radii. The prelim-
inary estimates of evolutionary masses have been derived using
the BONNSAI code (Schneider et al. 2014), more details will be
published in the accompanying paper (Bestenlehner et al. 2025).
We did not see any significant difference in the resulting Roche-
lobe filling factor (R1/RRL) after varying the values of the mass
ratio. The estimated R1/RRL as a function of the orbital periods
is presented in Fig. 6 (bottom panel). Notably, all binaries with
Porb > ∼3 days have the Roche-lobe filling factor less than one.
It could serve as an additional constraint to the minimum bound-
ary of the orbital periods because such systems cannot physi-
cally exist; namely, the systems with a Roche-lobe radius of pri-
mary component less than its actual radius. However, taking into
account the uncertainties in the radii estimates we can adopt the
maximum boundary of a Roche-lobe filling factor of 1.5 that
corresponds to our minimum boundary of detectable bona fide
orbital periods equal to 2 days (which agrees with the existence
of EB in such period regimes). In addition, we can see in this dia-
gram that all spectroscopic binaries with orbital periods up to 7
days are potentially interacting systems, taking into account their
relatively high Roche-lobe filling factor (R1/RRL > 0.8). This is
evidence that this group of targets is a transition evolutionary
stage of systems with an ongoing mass transfer. Nevertheless,
observationally they look like BSGs, however, they do not rep-
resent the single-star evolution path of the targets that may also
be in this BSG domain.

3.5. BLOeM survey capability and intrinsic binary fraction

We used the Monte Carlo population-synthesis method pre-
sented in Sana et al. (2013) to quantify the ability of the BLOeM
campaign to detect BSG binaries of different orbital periods,
mass ratios, and eccentricities. In addition, we adopted an
improved version of the method that includes uncertainties on
the underlying distributions (according to Banyard et al. 2022).
Specifically, we simulated 10 000 observing campaigns of 262
BSGs, adopting the temporal sampling and RV uncertainties.
We adopted power law representations for the distributions of
orbital period Porb (within the range: 1–103.5), mass ratio (0.1–
1.0), eccentricity (e, 0–0.9) by assuming random spatial orien-
tations of the systems. The primary mass (M1) ranges from 16
to 60 M� following the Salpeter (1955) initial mass function. In
addition, we apply a circularisation criteria of the shortest-period
systems.

In Fig. 7, we present the outcome of detection probabili-
ties of binaries in terms of the mentioned orbital parameters.
The resulting detection probability of the survey within the full
range of periods log(P) = [0.0–3.5] is 0.66± 0.06 and within
Porb < 365 d: 0.89± 0.03. Taking into account the derived detec-
tion probabilities and assuming the threshold of RVPP equal
to 20 km s−1 for our sample of BSGs, the corrected (intrinsic)
binary fraction appeared to be 40± 4%.

Another confirmation of our simulated detection probability
is that, indeed, we were able to find binaries with Porb . 100
days (see Fig. 6); however, even with the nine available epochs
distributed over three months, it is possible to have a zero-order
approximation regarding the periods of long-period binary sys-
tems (Porb > 100 d), as we detected a few spectroscopic binaries
with periods ∼100–150 days.

A40, page 7 of 14



Britavskiy, N., et al.: A&A, 698, A40 (2025)

Fig. 7. Binary detection probability of the BLOeM survey for BSGs.
It shows that the given cadence of observations has excellent detection
capability for periods shorter than ∼100 days, which agrees with our
periodogram analysis.

4. Discussion

4.1. Multiplicity of BSGs

Using 20 km s−1 as a threshold for the peak-to-peak RVs, we
obtained an observed spectroscopic binary fraction of 23± 3%.
However, as we already pointed out, using a simple threshold for
such stars that could have a significant intrinsic variability (such
as pulsations) is risky in terms of false-positive identification of
binaries. In this regard, we included line profile variability as a
final criterion to consider the star as a spectroscopic binary. Inter-
estingly, these two approaches complement each other, it is well
seen in the distribution of RVPP as a function of estimated orbital
periods (see the top panel in Fig. 6). If we analyze the correlation
of RVPP values versus binary status we see that above RVPP of
20 km s−1 we have only spectroscopic binaries and one lpv/SB1;
meanwhile, in the range of 10<RVPP < 20 km s−1 we can see a
few lpv/SB1s and one EB that we would miss by using a simple
RVPP threshold cut. The fraction of spectroscopic binaries in our
sample including “lpv/SB1s” is 34± 3%, which is significantly
larger than simply considering a threshold of 20 km s−1.

It is worth mentioning that the information about EB status
also helps to confirm spectroscopic binary status, but not in the
case of long-period systems (>100 days). Indeed, we classified
one BSG (BLOeM_3-073) with RVPP = 8.2 km s−1 as apparently
single; but this is, in fact, an EB with a Porb ∼ 293 days (accord-
ing to Pawlak et al. 2016). This outcome is expected because
nine epochs spread over 90 days are insufficient for detecting
such a long-period system. Apart from this target, all EBs we
classified as spectroscopic binaries (see Fig. 6).

In Fig. 8, we present the spatial distribution of studied BSGs
together with a number of spectroscopic binaries grouped by
the BLOeM observational fields. There is no uniform distribu-
tion of binary BSGs across the different fields; notably, there
are just a few BSGs in the field number 6, that could be con-
nected with a small number of star-forming regions in that area
of SMC.

None of the BSGs in our sample is detected in X-rays despite
good coverage of the SMC galaxy by X-ray surveys (the list
of all bright X-ray sources among the BLOeM targets is pre-
sented in Shenar et al. 2024). This implies that none of the stars
in our sample represent a persistent high-mass X-ray binary
(HMXBs) containing a compact object embedded in the wind
of the donor BSG. Interestingly, in the Galaxy, BSG stars are

the most common type of donor stars in wind-fed HMXBs
(Martínez-Núñez et al. 2017).

The overall determined spectroscopic binary fraction of
BSGs in the SMC is similar to those detected in the LMC
and in the Galaxy. Dunstall et al. (2015) analyzed multiplicity
properties of 408 B-type stars in the LMC and reported the
observed binary fraction among non-supergiants to be 25± 2%
and 23± 6% for supergiants. In the Galaxy, de Burgos et al.
(2025) found an average ∼27% of SB1 systems within a large
statistical sample of B0-B6 supergiants. Such an independence
of BSG binary fraction with respect to the metallicity is in agree-
ment with the binary fraction of early B-type eclipsing sys-
tems in the Galaxy, LMC, and SMC (within the Porb < 20 d,
see Moe & Di Stefano 2013). As Moe et al. (2019) argued, the
explanation for this could be that significant accretion rates in
the massive star domain are so high that the massive protostel-
lar disks will always become gravitationally unstable and frag-
ment independent of the metallicity environment (which is not
the case in the solar-type star domain). Furthermore, in the early
B-type giants and dwarf BLOeMs’ sample, it has been found
that binary fraction to some extent is dependent on metallic-
ity (for details, see Villaseñor et al. 2025). In the next subsec-
tion, we discuss the binary fraction as a function of SpT and
luminosity.

4.2. The BSGs landscape on the HRD

Having obtained the binary properties for such a large number of
BSGs along with preliminary estimates of their physical param-
eters, we have been able to perform the most intriguing part of
our study – to place them on the HRD. In Fig. 9 (left panel),
we present the location of all BLOeM BSGs grouped by their
spectroscopic binary status. Looking at the HRD, we emphasize
the absence of SB1 or SB2 systems above 20 M� evolutionary
track after the terminal-age main sequence (TAMS). Notably, the
three most luminous BSGs have significant line profile variabil-
ity (RVPP up to ∼30 km s−1) and, apart from the RV shifts, they
have variations in the line-profile depths. The periodogram anal-
ysis of RV measurements does not show any prominent frequen-
cies; thus, such line-profile variations could be associated with
a strong stellar wind or stochastic pulsations (e.g., see Bowman
2020; Ma et al. 2024). To confirm this, it is necessary to study
the behavior of the Hα region, which is absent in the present
spectroscopic data.

As we estimated the orbital periods for 41 spectroscopic
binaries, we can investigate the period distribution of these bina-
ries in terms of their location on the HRD. In Fig. 9 (right
panel), we placed only those binaries with reliably derived peri-
ods (FAP< 0.1%) and grouped them according to the different
period ranges. BSGs are uniformly distributed in terms of period
ranges, apart from a small group of extremely long-period sys-
tems (Porb > 100 d). We note that there are no known EBs among
the most luminous BSGs. All of our targets are relatively bright
sources; thus, we argue that the existing list of EBs in our sample
is complete (especially taking into account the sensitivity of the
OGLE survey).

In Fig. 10, we explore the spectroscopic binary fraction of
BSGs in each sub-spectral type (left panel) and in different lumi-
nosity ranges (right panel). The histograms present the number
of different types of spectroscopic binaries with respect to the
total number of BSGs in these specific sub-domains. Notably,
within the luminosity range of 3.5< log(L/L�)< 5.0, the spec-
troscopic binary fraction is constant (∼25%), while in the most
luminous domain it significantly drops. This split in binary
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fractions in terms of luminosity could indicate a different pop-
ulation of BSGs that have different origins, as well as possi-
bly a change in the underlying physics (properties of the winds,
etc.). Indeed, in the absence of spectroscopic binaries, the most
luminous BSGs can be interpreted as potential merger products,
while the predominance of binary systems among the least lumi-
nous targets would suggest that they are still on the MS phase.
However, taking into account that we analysed nine epochs, it

is not possible to detect possible long-period binaries among the
most luminous BSGs; thus, the complete BLOeM survey with
25 epochs will extend the binary detection probability to much
longer periods.

In addition, if we look at the distribution of spectroscopic
binaries for a given spectral type (see the left panel in Fig. 10),
we can notice that the B2 domain contains the largest number
of spectroscopic binaries (especially “lpv/SB1”) with respect to
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the rest of the spectral types in our BSG sample. In total, there
are up to 50% of potential spectroscopic binaries (apart from the
evolutionary effect), which can also be explained by their rela-
tively low luminosity; thus, some of these targets could belong
to the B-dwarf sample, where the observed multiplicity frac-
tion is significant (∼50%, see the accompanying BLOeM paper
Villaseñor et al. 2025). Also, some of these least luminous BSGs
could be β Cephei pulsators, as these tend to be more commonly
found among late-O and early-B spectral types (Burssens et al.

2020); thus, this could explain a given overpopulation of lpv/SB1
targets.

Another interesting point is that most short-period spectro-
scopic binaries are located among the least luminous BSGs, with
temperatures hotter than 18 kK (it was also found in the LMC,
see McEvoy et al. 2015). The amount of binaries significantly
drops below 18 kK or B2 spectral type (see the distribution of
BSGs grouped by Teff in Fig. 11). The presented distribution
is not uniform, there is a clear drop in the number of stars
at Teff ∼ 22 kK, which can be explained by uncertainties in
SpT−Teff calibration; thus, it represents the artificial step in
the SpT classification (i.e., B1, B1.5, and B2). However, we
do not expect a big difference between the values of physical
parameters derived by using photometry and spectroscopy. In
our sample, we have seven bright BSGs that have been stud-
ied extensively by using ultraviolet mid-res spectroscopy (ULL-
YSES survey, see Bernini-Peron et al. 2024). The discrepancy in
Teff is within 3 kK and in log(L/L�) does not exceed 0.1.

Another reason for non-uniform Teff distribution could be the
selection bias of BSGs with the luminosity class of II, indeed,
in this domain there is a significant overlap with the B-giants
BLOeM sample (i.e., luminosity class of III, Villaseñor et al.
2025), which could bias the overall number of BSGs in a
given SpT and LC. Nevertheless, there is a significant drop in
binary fraction below 18 kK and even though the present phys-
ical parameters of BSGs are not well defined yet, we can argue
that it is a real drop in the binary fraction of BSGs at a given
effective temperature and spectral type. Moreover, RV varia-
tions of late B-type supergiants are significantly smaller (less
than 10 km s−1 for SpT B5 and later; see Patrick et al. 2025)
than the ones studied in the present work, which confirms the
absence of short-period supergiants at SpT later than B3. Nev-
ertheless, the binary fraction among B3 BSGs is ∼20%, which
agrees with the observed spectroscopic binary fraction of more
evolved late-B, A-, and F-type supergiants (∼20% for the B5-9s
SpT domain and significantly smaller binary fraction for the A-
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and F-type supergiants). It could indicate that at this SpT domain
(B2) and Teff regime, we observe the end of MS for a stud-
ied sample of BSGs; actually, it will also be interesting to see
the behavior of v sin i for the same targets. If there are no fast-
rotating (v sin i< 100 km s−1) BSGs with a SpT later than B2, it
can also support the idea of the MS boundary at this evolution-
ary phase (as it has been shown in Vink et al. 2010). Notably, the
BLOeM survey has been designed in a way to observe as many
as possible bright massive stars in the SMC, while also aiming
to achieve a homogeneous sampling across the G-band from 10
to 16.5 mag. The overall sample completeness for the stars with
8 . Mini/M� . 14 (i.e. those born as B-type stars) is ∼20% with
respect to the Gaia catalogue within the range of 13–15 mag in
the G-band (see Fig. 2 in Shenar et al. 2024). Thus, the given
sample of BSGs and the other sub-samples of the BLOeM sur-
vey do not have a significant sample selection bias in terms of the
magnitude and colour of targets that would affect the interpreta-
tion of our results because of the incompleteness of the samples.

Finally, to fit the SMC evolutionary tracks to the position of
studied BSGs on the HRD (see Fig. 9), the MS phase should
extend to lower temperatures to describe such a large num-
ber of binaries in a given Teff and log(L/L�) regime. Actually,
such a significant number of binary BSGs beyond the theoreti-
cal TAMS phase is aligned with the results from the LMC, also
finding a significant number of binary BSGs beyond the TAMS
(see McEvoy et al. 2015). However, the location of the mod-
eled TAMS depends on certain assumptions and initial param-
eters (e.g., overshooting efficiency, initial stellar rotation; see
Martins & Palacios 2013); thus, such observational studies of a
large number of BSGs could help to empirically constrain the
position of the TAMS (see also, de Burgos et al. 2025, for the
case of Galactic stars). Indeed, one of the ways to extend the
modeled MS phase to that regime is to increase the adopted core
overshooting efficiency. We present two sets of tracks, with dif-
ferent overshooting parameter values, in the right panel of Fig. 9.
As we can see, the TAMS of tracks with the adopted overshoot-
ing equal to 0.55 could reach most of the detected binary BSGs.

5. Summary and conclusions

In this work, we studied the multiplicity properties of a large
sample of early B-type supergiants in the SMC within the
BLOeM survey. In total, we analyzed the multiplicity properties
of 262 BSGs, for which the first nine epochs out of 25 have been
available within the BLOeM observational campaign. From the
presented analysis of a large sample of BSG in the SMC within
the early-BLOeM observational campaign, we can draw the fol-
lowing key conclusions:

– The observed spectroscopic binary fraction of BSGs with
RVPP > 20 km s−1 is 23± 3%. As luminous BSGs could have
a significant intrinsic line profile variability (caused by coher-
ent and/or stochastic pulsations) due to strong stellar winds,
we made a separate status for spectroscopic binary candidates
(i.e. “lpv/sb1”). We added to the same category possible long-
period binary systems for which a given range and cadence of
observations is not efficient to constraint binary status; how-
ever, based on the periodogram analysis, there is a hint that
those targets could be binary. By taking into account this non-
bonafide “lpv/sb1” class of targets, the spectroscopic binary
fraction for our sample is increased to 34± 3%.

– Analysis of the distribution of identified spectroscopic bina-
ries across the different SpTs and luminosity ranges reveals
a significant drop of binary fraction after B2 SpT (that cor-
responds to Teff <∼18 kK). This may imply the termination

of the MS phase at these effective temperatures within the
luminosity range of 3.5 . log(L/L�) . 6.

– We detected only one SB2 system and a few lpv/sb1 targets
among the most luminous BSGs with log(L/L�)> 5.

– We modeled the ability of the BLOeM observational cam-
paign to detect different configurations of binaries within the
available data for now and we estimated the corrected spec-
troscopic binary fraction to be 40± 4%.

– The observed spectroscopic binary fraction of BSGs in our
sample is the same as in the Galaxy and the LMC; thus,
within the present work analysis and data limitations, we did
not detect any metallicity dependency regarding the number
of binaries in the BSG domain.

– We made preliminary estimates of the orbital periods for
30 SB1 and SB2 systems within the 2< Porb < 100 d range.
The Roche-lobe filling factor, together with eclipsing binary
nature for some of these systems, could suggest that they are
presently interacting binaries.

To summarize our results, the identification of various binary
systems in our sample with a wide range of orbital periods and
their non-uniform distribution across the HRD suggest that the
BSG domain consists of objects that have different histories of
binary interaction. Thus, phenomenologically, the BSG domain
consists of various objects with different evolutionary paths,
however, at the same time, in a morphological sense (observa-
tional classification), we define them as one class of objects.

The continuation of the BLOeM campaign, including new
observations and detailed determination of fundamental physi-
cal parameters based on the available spectra, will allow us to
describe given samples of BSG more extensively. This is espe-
cially promising with regard to the nature of the apparently sin-
gle stars and detections of long-period binaries.

Data availability

Table 1 is available at the CDS via anonymous ftp to
cdsarc.cds.unistra.fr (130.79.128.5) or via https://
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Appendix A: Uncertainties in RV measurements
and example of the line profile variability
classification

Figure A.1 presents the example of CCF and its parabola fit-
ting for one of the low S/N spectra in our sample. The CCF
was computed by cross-correlating the full spectrum range with
the stacked spectrum of all available epochs for a given star
(usually 9 epochs). The stacked spectrum has been previously
shifted to the zero-point of RV (i.e. the spectrum was fitted to
the laboratory wavelengths of available absorption lines). The
CCF normalized to its maximum value, and it is well seen the
non-symmetric top of the CCF which is caused by a noise in the
spectrum. It is well seen that RV uncertainty based on parabola
fitting is approximately twice larger than the uncertainty based
on the original CCF, which is caused by the sharpness of the
parabola fitting function.

Figure A.2 illustrates estimates of the RV error (σ) as a func-
tion of S/N for each available BSG spectrum. We computed the
S/N in a specific wavelength region (4200 – 4225 Å) which is
free of any absorption lines. Individual RV errors are systemati-
cally higher than the standard deviation of three independent RV
estimates (red dots), actually, it indicates that the parabola fit-
ting of CCF is slightly overestimating the RV uncertainty as we
discussed in the previous paragraph. The SB2 systems cause the
most of high σ outliers at S/N > 100.

In Fig. A.3 we show line profile variability of the He i λ4471
line for four BSGs that represent our classification in terms
of spectroscopic binary status (i.e., SB2, SB1, lpv/SB1, appar-
ently single). In the right panels we show corresponding Lomb-
Scargle periodograms together with different false-alarm levels
(namely, 0.1% – green line, 1% – yellow line, 50% – red hori-
zontal line).
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Fig. A.1. Example of the computed cross-correlation function for one
of the spectra with a relatively low S/N ratio (S/N ∼40, BLOeM 8-
115_01). The final radial velocity measurement (RV = 144.2 km s−1)
and its associated uncertainty (σRV = 4.7 km s−1) are derived from the
maximum and the sharpness of the parabola interpolation of CCF.
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Fig. A.2. Individual uncertainties of RV based on the cross-correlation
of full spectral range (blue dots) and standard deviation of the mean RV
based on individual RV derived from three different wavelength regions
(red dots) as a function of S/N for each analyzed spectrum.

Appendix B: Supplementary data

We present basic information and our spectroscopic binary clas-
sification for all BLOeM BSGs in Table 1, namely: BLOeM
ID, GAIA DR3 ID, spectral type, number of available epochs,
peak-to-peak RV variation, effective temperature, luminosity,
estimated radii, possible periods of RV variations, evolution-
ary masses, spectroscopic binary status, and notes. The esti-
mates of effective temperature and luminosities are taken from
Shenar et al. (2024), and preliminary estimates of evolutionary
masses are taken from (Bestenlehner et al. 2025). The "notes"
column explanation:"(ULLYSES)": these BSGs have been stud-
ied within the ULLYSES survey Bernini-Peron et al. (2024);
"broad line profiles" – possible fast equatorial rotation; "low
S/N" - low signal-to-noise ratio of the spectra i.e. below 50;
"possible long period binary" – prominent peaks in long-period
ranges (>200 days) on the Lomb-Scargle periodogram; "EB" –
eclipsing binary; those periods that are marked with "*" are from
the OGLE-IV database (Pawlak et al. 2016).
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BLOeM_1-029, SB1
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BLOeM_1-098, lpv/SB1
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BLOeM_2-076, apparently single

Fig. A.3. Example of line profile variability for targets which we classified as SB2, SB1, lpv/SB1, and apparently single (left panels) and corre-
sponded LS periodograms (right panels). Dashed horizontal lines on the LS periodograms represent different false-alarm levels namely, 0.1% –
green line, 1% – yellow line, 50% – red line.
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