


?
?



 

 

 

 

 

 

Orbital Phase 

Ve
lo

ci
ty

 





Direct Imaging: requires coronagraph to 
block out the star (similar to eclipse) 







Stare at one 
region for   
~3 years! 
 
Measure 106 
lightcurves! 

Off galactic plane:  
not too crowded or sparse 



 

 

 

 

 





Core Accretion Core 
Accretion? 
 
Gravitational 
Instabilities? 
 
(Failed) 
Binary 
Formation? 
 
Scattering? 



From interstellar clouds 
to planetary systems 

Stars forming in molecular cloud 

?

Formation of stars and planets  Gregory  J. Herczeg 



Evolution from clouds 
to planetary systems 



Pre-main sequence stellar evolution 
Star forms inside an envelope 

Cores/protostars 

Accretion disk 



Pre-main sequence stellar evolution 
Star forms inside an envelope 





Rosette Nebula 
Herschel Space Observatory 

Filaments: 
long, thin structures 



Eagle Nebula: 
Hubble Space Telescope 





Eta Carina Cluster,  
Hubble Space Telescope 
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(Armazounian et al. 2011) 
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Density-transformed map from left 



Density-transformed map from left 











 

 

 

 



Planet Formation 
(last step in star formation, last class) 





Planets should form in disk and 
carve a gap 
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Cha I : 2 Myr-old star-forming region

Not enough to form gas giants ?

Dust 
Mass

Gas 
Mass

ratio



0.44 mm cont 





0.44 mm cont 13CO 6-5 



30 AU SR 21 HD 135344 B DoAr44 LkCa15 

IRS48 HD142527 SR 24S J1604 

B9 B9 B7 B9 

B9 B7 B9 B7 



Cartoon of IRS 48 
disk inferred from 
ALMA observation 



Ideal MHD
Zhu & Stone 2014

(30 micron)(3 micron)

0.3 mm 3 cm 30 cm



SR 21, SMA 0.88 mm Image
Andrews et al. 2011, Williams & Cieza 2011

SR 21, Subaru H-band Image
Follette et al. 2013

~mm-sized grains

~sub-micron-sized grains



ALMA Image of 
HL Tau disk 



ALMA Image of 
TW Hya disk 
(Andrews+2016) 
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