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ALMA image of the HL Tau protoplanetary disk
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The tools: 
radio telescopes

Jansky Very Large Array, NM, EUA

IRAM 30 m (Pico Veleta, Granada) mm

SMA (Hawaii, USA) submm, 8x6 m

JVLA (New Mexico, USA) cm, 27x25 m

ALMA (Chile) mm submm, 54x12 m + 12x7 m



HH111_HH110   at 4.5 + 24 m from Spitzer



Program

1. Introduction 
 The Milky Way galaxy.
 The interstellar medium.

2.The tools: radio interferometry, optical and NIR astronomy

3. Interstellar medium and star-forming regions 
 Interstellar dust. Composition, physical properties. Extinction, reddening, polarization. Thermal 

emission, mass estimation.
 Atomic, ionized, and molecular gas. Spectral line emission. Free-free emission and recombination lines 

of HII, physical parameters from HII emission. Chemistry of the molecular gas, formation of molecules. 
Molecular lines, physical parameters from molecular-line observations.

 Energy balance in molecular clouds. Singular isothermal sphere, Bonnor-Ebert sphere, Jeans mass. 
Virial theorem. Turbulence, magnetic field. Magnetically supported cores.

 Molecular clouds. Morphology, filaments, dense cores. Sites of star formation, examples of TMC, Orion.

4.Young stellar objects 
 Spectral energy distribution. Classification of YSO. Observational properties.
 PMS evolution. Hayashi and Henyey tracks. ZAMS.
 TTauri stars, AeBe stars. Models and observations.
 Interaction of YSO with their environment.  Jets, Herbig-Haro objects, bipolar molecular outflows.
 Accretion and supersonic ejection processes in YSO. Accretion disks. Observation and models.



 Maite Beltrán (Osservatorio Astrofisico di Arcetri):
 Protoplanetary discs around high-mass protostars
  
 Robert Estalella (UB)
 Interferometry

Álvaro Sánchez-Monge (OAN):
 Formation of high-mass stars

 Joao L. Yun (U. Lisboa)
 NIR observations  

More lectures to be confirmed:

 Numerical simulations vs. observations of star formation

Invited Lectures 



Work required to the students:

 Class attendance
 Small exercises to be answered in writing.






1/3 of the final mark

 Final exam, consisting in questions on physical concepts, with a short answer
2/3 of the final mark

  Discussion of a practical case elaborated from file data, 
      applying observational techniques studied in the course.
 Oral presentation on a specific subject
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