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Abstract. Exploring the low-mass end of the companion mass function around massive stars is
of crucial importance to constrain massive star formation theories. We present a high-contrast
imaging study of 20 O- and early B-type stars in the Scorpius OB1 association. From the analysis
of VLT/SPHERE data, we identify a total of 789 sources. The data probe the brown dwarf
regime around massive stars, resulting in the discovery of large-separation multiple systems
with mass-ratios as low as 0.001 (comparable to Jupiter-Sun mass-ratio).
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1. Introduction

As an important outcome parameter of star formation, the multiplicity characteristics
of massive stars put crucial constraints on massive star formation theories. The large
variety of mass-ratios and companion separations demand the use of various observational
techniques to characterise all companions. Previous multiplicity studies mainly focused
on spectroscopy, interferometry and classical imaging, demonstrating that almost all
massive stars are found in binary and multiple systems (Sana et al. 2012, 2013, 2014;
Sota et al. 2014). Recently, the high-contrast imaging instrument SPHERE on the VLT
enabled us to investigate the multiplicity properties of massive stars at relatively large
separations (0.15” and 6”) and up to much higher contrast magnitudes (AK ~ 14 mag)
than what previous studies of massive stars have been able to probe (Rainot et al. 2020,
2022; Reggiani et al. 2022). Here, we present SPHERE observations of 13 O-type and
7 early B-type stars in the active star forming region Sco OB1, which is located at a
distance of 1.53 kpc (Mel'nik & Dambis 2017) and is 4-8 Myr old (Sung et al. 2013).

2. Detecting low-mass companions around massive stars

We analyse the SPHERE data using the python Vortex Imaging Processing package
VIP (Gomez Gonzalez et al. 2017) which allows us to perform angular and spectral
differential imaging through a principal component analysis approach.

A total of 789 sources is detected around the 20 stars in our sample. However, the data
are highly contaminated by background sources. To distinguish true companions from
background contaminants, we calculate the spurious association probability (=probabil-
ity that a source is not bound to the central star) based on the magnitude-dependent
source density in the local region around the central star. We adopt a combination of
2MASS (K<14 mag) (Cutri et al. 2003) and the Besangon Galaxy model (K>14 mag)
(Czekaj et al. 2014). Figure 1 shows that the SPHERE data are probing the brown dwarf
regime around massive stars, however not yet the planet regime.
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Figure 1. All sources detected in the sample. The brown dwarf and planet regimes
are estimated as the average K-band magnitude for a 6 Myr old 0.08 Mg and 0.012
Mg object respectively.

Taking into account the spurious association probability, the (not yet bias-corrected)
high-contrast imaging companion fraction (=average number of companions per star) for
O-type stars in our sample is 2.8 +0.5. For B-type stars, we find a significantly larger
companion fraction of 4.6 & 0.8, although it could be due to an observational bias, since
B-type stars are intrinsically less bright than O-type stars.

3. Conclusions

Since many of the stars in our sample already have known close companions, the
addition of the high-contrast imaging companions would make them quadruple or even
higher-order multiple systems. Some of the companions are at the stellar/substellar
boundary, making them some of the lowest-mass companions ever discovered around
OB-type stars.
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