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Formation of Sun-like stars 

 

Formation of massive stars

tKH << tinf 

 tKH ~ 105 yr « tacc    (for a 10 Msun star) tKH  ~ 107 yr » tacc    

Palla and stahler 1990



  

Possible scenarios 

● Monolithic collapse: Jets and disks

● Competitve accretion: Rich gets richer 

● Coalescence: Protostellar mergers



  

Formation of Sun-like stars 

 

Formation of massive stars

Palla and stahler 1990

Taurus: André+2013 W49: Galván-Madrid+2013

140 pc 11 kpc



  

Formation of Sun-like stars 

 

Formation of massive stars

Palla and stahler 1990

Taurus: André 2013 W49: Galván-Madrid+2013

Actual relative physical size



  

Formation of Sun-like stars 

 

Formation of massive stars
Taurus: André+2013 W49: Galván-Madrid+2013

Actual relative size apparent in the sky

Massive stars...

● Are rare: statistically, they are distant
● Are born in clustered regions
● Are born in highly obscured regions 

2 x 105 stars of 1 Msun : 1 star of 30 Msun 



  

Interferometric observations 

Synchrotron radiation

Massive stars ionize and provide momentum and energy to the interestellar medium     

Free free emission

Strong cm emitters



  
May 8  May 4 May 8 

Population of Compact Radio Sources in massive star 
forming regions M17: Yanza, Masqué+2022 

The VOLS project will iimprove statistics!

Ionization front
Free- Free emission: 
Photo evaporating disk

Cometary HCHII region 



  

Binary stars (Dynamo-VLBA)

Oph: Ordóñez-Toro+2023 



  

 

NGC6334A: Yanza+2025

Stellar wind collision vs. Run away star? 

Orion: Bally+2017

 Orion: Rodríguez+2020



  

Sagittarius region (1.4 kpc of distance) Áñez+2020

B type star (15-20 Msun) with a disk of 5 Msun: Áñez+2020

Collimated jet 10 pc long (in projection): Martí+1993; Masqué+2012
 

IRAS 18162-2048 and the HH 80/81/80N radio jet
  Masqué+2012

Fernández-López+2011
Carrasco-González+2013

Girart+2017
Añez-López+2020



  Velocities of ~1000 km/s for the inner knots: 
Martí+1995,1998

Velocities of 300-400 km/s for the outer knots: Masqué+2015

IRAS 18162-2048 and the HH 80/81/80N radio jet
  Masqué+2012



  

IRAS 18162-2048 and the HH 80/81/80N radio jet

VLA 2019 observations at 3.5 cm: 

Velocities tipically of ~1000 km/s (Masqué+ in prep.)
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IRAS 18162-2048 and the HH 80/81/80N radio jet

VLA 2019 observations at 3.5 cm

Periodicity of 6-7 yr



  

IRAS 18162-2048 and the HH 80/81/80N radio jet

VLA 2019 observations at 3.5 cm
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IRAS 18162-2048 and the HH 80/81/80N radio jet

VLA 2019 observations at 2 cm  
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Jet Precession:

● Opening angle: 3 degrees
● Position angle (from north): 19 degrees
● Wavelength: 2.1 arcsec

for a 1000 km/s velocity: 14 yr of period



  

IRAS 18162-2048 and the HH 80/81/80N radio jet

VLA 2019 observations at 2 cm  
  ALMA: Fernández-López+2023N6

Jet collimation?
Accretion streamers



  

To take home...

● Sensitive interferometric radio observations are crucial to unveil the conditions 
under which massive stars form.

● Disks and jets are inherent to the formation mechanism of B stars and potentially to O stars,
though for the latter, other phenomena can not be ruled out. 

● Protostellar ejections are bound to the disk accretion of material. Thus, studying them 
can shed light on the earliest stages of star formation, when stars grow significantly in mass



  

GRÀCIES!!
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