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dPI: Bodensteiner, programme ID: 
112.25R7) designed to characterise the 
multiplicity of massive stars in the SMC 
through an unprecedented spectroscopic 
monitoring campaign with ESO’s Very 
Large Telescope (VLT). BLOeM collected 
25 epochs of spectroscopy with the Fibre 
Large Array Multi Element Spectrograph 
(FLAMES/GIRAFFE) between October 
2023 and September 2025. By measuring 
radial velocities (RVs) across 25 epochs 
for two years, BLOeM enables the deriva-
tion of binary fractions and orbits, the 
detailed characterisation of stellar proper-
ties, the identification of dormant (i.e., 
X-ray-quiet) black hole companions, and 
the inference of the initial mass function 
of massive stars. While not pristine, the 
metal content of the SMC is the lowest at 
which a survey on this scale has been 
conducted to date.

This article summarises early results  
from the first nine epochs (Oct–Dec 
2023), characterising the stellar content 
of the survey and providing the first sys-
tematic view of massive-star multiplicity 
across the SMC.

Massive stars with low metallicity (Z ) are 
of particular interest as representatives of 
stellar populations in the early Universe. 
Their weaker winds are thought to lead to 
higher rotation rates and more massive 
stellar remnants. Such stars are predicted 
to dominate the progenitor population of 
black-hole and neutron-star mergers 
detected by gravitational-wave observa-
tories, to produce long gamma-ray bursts 
and fast radio bursts and to shape the 
appearance of high-redshift galaxies 
through intense ultraviolet radiation (Bromm 
& Yoshida, 2011; Hopkins et al., 2014; 
Klessen & Glover, 2023). They likely played 
a role in reionising the early Universe and 
possibly in the formation of supermassive 
black holes. Yet our understanding of the 
multiplicity properties of massive stars and 
their evolution at low Z remains limited: 
How do binary fractions and orbital con-
figurations vary with Z? Are evolutionary 
pathways and binary interactions funda-
mentally different at low Z? Does black-
hole formation proceed differently?

The Small Magellanic Cloud (SMC;  
Z ~ 20% solar metallicity Z☉), hosting 
about 10 000 massive stars at a distance 
of 62 kpc, provides the nearest labora-
tory in which to obtain answers to these 
questions. The Binarity at Low Metallicity 
(BLOeM) campaign (Shenar et al., 2024) 
is an ESO Large Programme (PI: Shenar; 
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Massive stars at low metallicity (Z) play 
a central role in shaping the high-
redshift Universe, yet their multiplicity 
remains poorly constrained. The Binarity 
at Low Metallicity (BLOeM) campaign is 
a two-year survey of 929 stars in the 
Small Magellanic Cloud with the Fibre 
Large Array Multi Element Spectrograph 
(FLAMES) intrument at ESO’s Very 
Large Telescope, providing the first 
large-scale spectroscopic monitoring of 
massive stars at low Z (1/5 solar). Analy-
sis of the initial nine epochs reveals high 
intrinsic binary fractions (> 70%) on the 
main sequence and a steep decline in 
evolved objects. Analysis of the full 
dataset will yield orbital solutions, iden-
tify black-hole companions and allow a 
derivation of the initial mass function for 
single and binary stars at low Z.

Massive-star evolution at low metallicity

Massive stars are born with masses 
greater than eight times that of our Sun 
(Minitial ≳ 8 M☉). They end their lives in a 
sudden core collapse into neutron stars 
and black holes, often associated with a 
violent supernova explosion. These hot 
and luminous stars thus serve as a prom-
inent source for mechanical, chemical and 
radiative feedback in their host galaxies. 
Surveys of the Large Magellanic Cloud 
(LMC) and our Milky Way galaxy have 
revealed unambiguously high multiplicity 
fractions. In particular, the majority of mas-
sive stars interact with a companion star 
before core collapse (for example, Sana et 
al., 2012; de Mink et al., 2014). Such binary 
interactions not only shape the properties 
of massive-star populations, but also pro-
duce unique phenomena such as stripped 
stars, X-ray binaries and gravitational-
wave sources (for example, Langer, 2012; 
Marchant & Bodensteiner, 2024).
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Figure 1. Distribution of the BLOeM targets in the SMC, 
distributed over eight FLAMES fields (indicated by 
green circles) and split by spectral types (see legend), 
overplotted on a VISTA Y-J-KS false-colour image. 
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Multiplicity across the main sequence: 
high also at low metallicity

The O-type stars and the early B-type 
dwarfs and giants together represent the 
core hydrogen-burning massive-star pop-
ulation in BLOeM, spanning initial masses 
from ~15 to 80 M☉ for O stars down to  
~8 to 15 M☉ for early B-type dwarfs and 
giants. O-type stars dominate the ionising-
photon output and are likely progenitors 
of the stellar-mass black holes, while 
early B-type stars are far more numerous, 
are likely progenitors of neutron stars and 
trace the bulk of massive-star formation 
by number. Their combined analysis 
therefore offers a comprehensive view  
of massive-star multiplicity across almost 
an order of magnitude in mass.

Sana, Shenar, & Bodensteiner et al. 
(2025) identified 62 binaries among 139 
O-type stars, yielding an observed frac-
tion of fobs = 45 ± 4%. Accounting for 
observational biases, they derived an 
intrinsic (present-day) binary fraction of  
fint = 70+11

–6 %. This confirms, for the first 
time, that most O stars in the SMC reside 
in close binaries, consistent with Galactic 
and LMC results.

Villaseñor et al. (2025) conducted an 
equivalent analysis for the 309 early-B 
dwarfs and giants, identifying 153 bina-
ries among them, corresponding to  

quantitative analysis of the spectra (not 
yet accounting for binarity), enabling 
placement on the Hertzsprung–Russell 
Diagram (HRD), which is shown in 
Figure 2.

Because massive-star multiplicity is dom-
inated by short-period systems (periods 
of days to months), the nine-epoch data-
set already provides strong leverage on 
binary fractions, which are described 
below. However, identifying long-period, 
low-inclination and extreme mass-ratio 
binaries will only be possible with the full 
dataset, as will the complete orbital anal-
ysis and characterisation of companions.

Multiplicity of massive stars at low 
metallicity 

The five subsamples described above 
probe distinct mass ranges and/or evolu-
tionary phases and their distinct spectral 
characteristics require tailored measure-
ment techniques. Their multiplicity analy-
sis was therefore done separately. Stars 
exhibiting significant peak-to-peak RV 
variations above a chosen threshold (typi-
cally 20 km s–1) were classified as bina-
ries. Below we summarise the first results 
in evolutionary order from main-sequence 
OB stars and OBe stars to evolved 
supergiants.

The BLOeM sample and survey

The 929 BLOeM targets were selected 
via an automated procedure from the 
Gaia Data Release 3 catalogue (DR3; 
Gaia Collaboration et al., 2023) within a 
radius of 2.6 degrees around the SMC 
centre, applying magnitude (G < 16.5 mag), 
colour (BP–RP < 1 mag), parallax and 
proper-motion cuts, and excluding Wolf–
Rayet stars and red supergiants (see 
Shenar et al., 2024 for details). No other 
prior knowledge about the stars was 
assumed. The resulting sample is distrib-
uted across eight FLAMES fields, each 
25 arcminutes in diameter, covering the 
main star-forming regions of the SMC 
(Figure 1).

All stars were observed with the FLAMES/ 
GIRAFFE LR02 setting (3950–4570 Å; 
R ~ 6200), achieving signal-to-noise ≳ 20 
(typically 70–100). The 25 epochs, which 
were scheduled for observing between 
October 2023 and September 2025, probe 
orbital periods up to ~1000 days, with  
the first nine epochs collected between 
October and December 2023. These nine 
epochs, which provide a 2–3-month base-
line, were co-added to create high-signal-
to-noise templates, enabling detailed 
spectral classification (Shenar et al., 2024).

The sample spans spectral types O4 to 
F5, with estimated initial masses from ~8 
to 80 M☉. Among the OB stars, 82 exhibit 
Balmer emission, mostly attributed to 
rapidly rotating stars with decretion discs 
(OBe stars). Otherwise, it includes 139  
O stars, 309 early B dwarfs/giants (B0-
B3 V-III), 262 early B bright giants/super-
giants (B0-B3 II-I), and 136 BAF super-
giants (B5-F5 I). The sample also contains 
three B[e] supergiants, four X-ray bina-
ries, three candidate magnetic stars 
(Of?p), two stripped-star candidates and 
around 100 eclipsing binaries. Bestenleh-
ner et al. (2025) performed an initial 

Figure 2. The BLOeM sample shown on a Hertz-
sprung-Russell diagram (adapted from Shenar et al., 
2024), with parameters adopted from Bestenlehner 
et al. (2025) and Patrick et al. (2025). The assump-
tions underlying the evolutionary tracks are described 
by Shenar et al. (2024); dots along the tracks show 
equidistant time steps of 0.05 Myr. Objects classified 
as binary candidates from the nine-epoch multiplic-
ity analysis are marked in bold. A very high binary 
fraction is observed in OB systems, which decreases 
sharply for the evolved stars in the sample.
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ple, Vink et al., 2010; de Burgos et al., 
2025). Either way, knowledge of their 
intrinsic binary fraction is key to unlocking 
the true nature of blue supergiants.

Britavskiy et al. (2025) reported fobs = 34 
± 3% and fint = 40 ± 4% for this sample, 
lower than for their OB progenitors, but 
too high for a population dominated 
solely by merger products. This may  
indicate that the sample is a mixture of 
evolved main sequence objects and binary- 
interaction products. The full 25-epoch 
dataset is essential for firm conclusions.

Multiplicity of BAF supergiants: blue loop 
stars or binary-interaction products?

The coolest BLOeM subsample consists 
of 128 B, A and F supergiants (B5 to F5). 
Their nature is uncertain: they may be a 
mixture of stars undergoing a so-called 
blue loop after reaching the red super-
giant phase and the products of various 
types of binary interactions.

Patrick et al. (2025) analysed the first nine 
epochs for the BAF sample. The excep-
tional RV precision (~ 0.1 km s–1) reported 
by the authors makes this sample highly 
susceptible to binary detection. Adopting 
the 20 km s–1 threshold, no binaries are 
detected within the sample. Relaxing the 
threshold to 5 km s–1, the observed frac-
tions are 25% and 5% in late-type B and 
AF supergiants, respectively. As few 
binary systems are known in this evolu-
tionary phase, to compare with BLOeM 
results Patrick et al. (2025) assumed an 
underlying orbital parameter distribution 
typical of main sequence binary systems. 
The resulting lack of short-period bina- 
ries observed within the BAF sample is 
inconsistent with a gradual evolution  
from main-sequence stars. These results 
imply that most BAF supergiants are 
products of binary interaction. The 25 
epochs will be needed to probe longer 
periods or binaries with extreme mass 
ratios (for example, low-mass compan-
ions or neutron-star companions).

Towards a comprehensive picture of 
binarity at low metallicity

Figure 3 provides an overview of the 
results emerging from analysis of the first 

Bodensteiner et al. (2025) reported  
fobs = 18 ± 4%, increasing to fobs = 32 ± 5% 
when including candidate binaries. No 
bias correction was attempted, owing to 
uncertain underlying orbital properties. 
The relatively low binary fraction is poten-
tially consistent with the interpretation of 
this sample as previous mass accretors, 
but intrinsic variability may have contami-
nated the results. The full dataset of  
25 epochs will be essential to obtaining  
a robust final picture and characterise 
potential companions to these objects.

Multiplicity of B-type supergiants:  
unexpected residents of the  
Hertzsprung gap

The sample of early B bright giants & 
supergiants (B0-B3 II-I) comprises 262 
stars. Standard single-star models pre-
dict few stars in this part of the HRD  
(Figure 2): the so-called Hertzsprung gap 
is expected to be traversed rapidly during 
post-main-sequence expansion. The 
large number of B supergiants observed 
in the SMC stands in stark contrast to 
models and is therefore puzzling.

One possibility is that many are binary-
interaction products (for example, merg-
ers, mass accretors, stripped stars), 
which would lower the expected binary 
fraction (for example, Podsiadlowski, 
Joss & Hsu, 1992; Menon et al., 2024). 
Alternatively, their presence could indi-
cate that the main sequence extends to 
cooler temperatures at low Z (for exam-

fobs = 50 ± 3% (see also Moe &  
Di Stefano, 2013). Bias correction yielded 
the remarkably high intrinsic fraction of  
fint = 80 ± 8%, the highest reported for 
B-type stars at any metallicity. This  
may hint at an increasing binary fraction 
toward lower metallicity, though it is con-
sistent with Galactic and LMC results, 
within errors.

Together, these two subsamples demon-
strate that close binarity is common 
among main-sequence massive stars at 
20% of solar metallicity, with intrinsic frac-
tions of 70–80% across the mass range 
8–80 M☉. This is the strongest indication 
so far that such systems are also common 
in the metal-poor early Universe, where 
gravitational-wave mergers originate.

Multiplicity of classical OBe stars:  
products of past mass accretion?

The OBe subsample contains 82 stars, 
mostly characterised by rapid rotation 
and Balmer emission from decretion 
discs. Mounting evidence suggests they 
are binary-interaction products that have 
accreted mass and angular momentum 
(for example, Bodensteiner, Shenar & 
Sana, 2020). In that case, most OBe 
stars are expected to be classified as sin-
gle, either because their binary system 
was disrupted in a supernova explosion 
or because their companions easily 
evade detection (i.e., being helium stars 
or compact objects).
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(2025), Villaseñor et al. 
(2025), Bodensteiner et 
al. (2025), Britavskiy et al. 
(2025) and Patrick et al. 
(2025). We do not provide 
bias-corrected binary 
fractions for likely prod-
ucts of binary interactions 
(OBe & BAF sample) 
since knowledge of their 
underlying orbital-
parameter distributions is 
lacking. Total sizes of the 
samples are noted above 
the respective bars.
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nine epochs. The most important BLOeM 
results with regard to multiplicity are: 

– �Close binaries are ubiquitous at low 
metallicity, with intrinsic fractions > 70% 
in OB-type systems.

– �Stellar-evolution models require recali-
bration: a high density of stars in the 
Hertzsprung gap and a moderately  
high binary incidence among them are 
observed. This implies that the main 
sequence may extend to cooler tem-
peratures than predicted by standard 
models, or that the gap is heavily con-
taminated by binary-interaction prod-
ucts — or both. A dedicated analysis  
of these results is underway.

– �Most BAF supergiants and OBe stars 
are binary-interaction products, sug-
gested by their drastically lower present-
day binary fractions.

Unleashing the power of BLOeM in 
upcoming years

The first nine epochs already provide a 
transformative view of massive-star multi-
plicity in the SMC. With the full 25 epochs 
now obtained, BLOeM will soon deliver:
– �A deeper binary identification sensitive 

to long-period (up to about 1000 days) 
and extreme mass-ratio systems (for 
example, low-mass companions and 
neutron-star companions).

– �Orbital solutions for hundreds of mas-
sive binaries, yielding mass ratios and 
dynamical masses and including about 
100 eclipsing systems.

– �Characterisation of companions, via 
dynamical constraints and techniques 
such as spectral disentangling.

– �A first sample of dormant black holes at 
low Z, providing constraints on black-hole 
formation, natal kicks and supernova 
mass ejections (see Willcox et al., 2025).

– �A derivation of the initial mass function 
for binaries and single stars. 

Additional studies are underway of rota-
tional velocities, abundance patterns, 
detailed stellar parameters, runaway stars 
and individual exotic systems. In addition, 
a complementary FLAMES/GIRAFFE sur-
vey of the BLOeM targets was recently 
conducted to secure single-epoch obser-
vations of the diagnostic He II 4686 and 
Hα lines, enabling the detection of wind 
features and additional magnetic stars 


