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• Total molecular mass ~ few 109 Msun in Galaxy
• Current Galactic SFR is 0.7 – 1.5 Msun yr -1

(Robitaille & Whitney 2010)

• Assuming 100% SF efficiency & free-fall collapse
• Predicted SFR > 130 – 400 Msun yr -1 (Zuckerman & Palmer 1974)
• TOO LARGE by 2 orders of magnitude!

• SF is NOT 100% efficient in clouds
• Efficiency is only 1 – 2% for large molecular clouds
• Additional support against gravity: magnetic fields & turbulence

Star Formation Occurs in 
Molecular Clouds (H2)
• Typical Sizes of ~10 – 100 pc
• Typical Masses of ~102 – 107 Msun
• Typical lifetime few 107 years

Credit: Adam Block/Mount Lemmon Sky Center

A Molecular Cloud
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Trace Molecular Emission with CO

Optical Carbon Monoxide l = 0.87mm

Length   
~ 40 pc

few 105 Msun

Orion Molecular Clouds
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Fragmentation can occur in disk forming 
multiple star systems

Tobin, Kratter, et al. 2016

Massive Stars more likely to be in a 
multiple star system



3/15/19

5

Vast majority of stars formed are M dwarfs

Formation of Planets out of disk

HL Tau
< 1 million years  old
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Imaging an accreting protoplanet

LkCa 15

Sallum et al. Nature 2015, 527, 342


