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STAR FORMATION

Credit: VectorMine



LOW-MASS STAR 
FORMATION

Credit: VectorMine

• Sun-like stars

• Observational sequence 
of the formation process

• 𝜏!"#$~10%𝑦𝑒𝑎𝑟𝑠

• ~30-50% in multiple 
systems



MASSIVE STAR 
FORMATION

Credit: VectorMine

• 𝑀&'&(.,+(,# ≳ 8𝑀⊙

• Lifetime ~ few million years

• 𝜏!"#$~10.𝑦𝑒𝑎𝑟𝑠



MASSIVE STAR FORMATION IN THE GENERAL CONTEXT OF STAR FORMATION
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MASSIVE STAR 
FORMATION

Credit: VectorMine

• 𝑀&'&(.,+(,# ≳ 8𝑀⊙

• Lifetime ~ few million years

• 𝜏!"#$~10.𝑦𝑒𝑎𝑟𝑠

• More than 90% of OB 
stars are in multiple 
systems



WHY MASSIVE STAR FORMATION IS STILL 
POORLY UNDERSTOOD?

~ 90 % in multiple systems 
on the Main Sequence

(Sana+2012)

On the Main Sequence: 
mainly short period binaries 

P ≲ 𝑚𝑜𝑛𝑡ℎ𝑠

On the Pre- Main Sequence: 
long period binaries 

P ~ 𝑦𝑒𝑎𝑟𝑠
(Sana+2017)

Young massive stars are deeply 
embedded in their dusty enveloppe 

rending their observation challenging



THE MIGRATION SCENARIO 

Main Sequence 

Pre-Main Sequence 

Radial velocity 
dispersion drops

(Ramirez-Tannus+2021)Lack of short 
period binaries



THE MIGRATION SCENARIO 

Main Sequence 

Pre-Main Sequence 
Binaries are 

born at larger 
separations

The system hardens 
on a time-scale of 2 

Myrs or less 

Through their interaction with gas

Through their interactions with (small) 
bodies in the accretion disk 



OBSERVING YOUNG MASSIVE STARS

1. Choice of the scientific object 
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OBSERVING YOUNG MASSIVE STARS

2. Choice of the instrument

Detecting young 
massive binaries

• Young massive stars are deeply 
embedded:

→ Infrared (IR)

• Resolving binaries from 1 mas 
to 100 mas to test for the 
migration scenario:  

→ High-angular resolution

Near IR (K-band) Interferometry 
with GRAVITY 



OBSERVING YOUNG MASSIVE STARS

2. Choice of the instrument

Detecting young 
massive binaries

• Young massive stars are deeply 
embedded:

→ Infrared (IR)

• Resolving binaries from 1 mas 
to 100 mas to test for the 
migration scenario:  

→ High-angular resolution

Near IR (K-band) Interferometry 
with GRAVITY 

VLTI/GRAVITY+UTs



M17 and GRAVITY+UTs observations

Closure phase (CP)

Visibility

• 6 young O-stars 
• 7 < 𝐾!"# < 9
• Have reached the ZAMS
• 5 spectroscopic 

companions reported



MODEL FITTING RESULTS



MULTIPLICITY RESULTS

• ALL of the sources are involved in a multiple system 

Multiplicity  fraction:  
100%

94% at the 68% confidence 
interval

Companion fraction:
2.3 ± 0.6

Bordier+2022



SEPARATION RESULTS

• 9 companions found between 1 and 120 au



MIGRATION SCENARIO? 

• Companions span a wide range of separations: 1-120 au around the primary star 

Oliva+2020



TAKEAWAYS

• 100% multiple systems at ZAMS, with 2.3±0.6 companions on average, at the 
traced scales (up to 120 au) , in the M17 star-forming region 

• Despite the cluster environment and age, M17 shows consistency with the 
previous studies in terms of multiplicity and companion fraction, for the O stars 

populations.

• Disk fragmentation forms companions and provide a viable framework for migration. 
The models will be better constrained with more observations, especially among the 

youngest stars. 



DOES THIS TREND EXTEND TO THE YOUNGER MASSIVE STARS?

PRE-MAIN SEQUENCE MAIN SEQUENCEFORMATION

• Binary interaction 
dominates the 

evolution of O-type 
star

• 𝑓!$%&'(%) > 90%
(sample of about 200 

stars)
• Short-period binaries

• Long-period binaries
• 𝑓!$%&'(%) > 94%
(sample of 6 stars)

?



NACO OBSERVATIONS OF 13 MYSOs

• IMAGING with CUBE Mode
• L’-band : 3.8𝜇𝑚

• 𝐹𝑂𝑉: 28”×28” → 27 𝑚𝑎𝑠/𝑝𝑖𝑥𝑒𝑙



NACO OBSERVATIONS OF 13 MYSOs



NACO OBSERVATIONS OF 13 MYSOs

• Likelihood of the detected sources to be bound to the 
central star 

• Deriving the MF and CF for the probed separation range 

PSF Fitting and analysis

• K-band AO imaging with NACO
• 𝑓!"# = 53 ± 9%
(Pomohaci+2019)

• K-band interferometry with GRAVITY
• 𝑓!"#,%&'( = 17 ± 15%
(Koumpia+2021)


