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Overview 
•  Protoplanetary disks exhibit evidence for grain growth 

and crystallization of  sub–micrometer (μm)-sized 
dust grains, and dust settling toward the disk mid-
plane.   

•  These processes are believed to be linked to planet 
formation 

•  Evidence for these processes has been found in the 
disks of  Brown Dwarfs (BDs), and low- and 
intermediate-mass stars.  

•  Planet formation is a robust process occurring in most 
young circumstellar disks. 







Differences between BDs and their 
Solar Mass counterparts 

•  1)Disk lifetimes 
– BD disks last longer 

•  2) Disk geometry 
– BD disks are flatter (higher mass stars more flared) 

•  3) Dust processing in the disk 
– BD disks are more crystalline than solar-like stars 

•  4) Strength of  10μm silicate emission feature 
– BDs have weaker 10μm silicate emission 

•  5) Disk gas properties  
– Dearth of  HCN observed in BD disks 



Disk Lifetimes 

•  The amount of  
time the available 
for planet building 
is set by the disk 
lifetime. 

Hernandez et al. 2007 





1) Disk Lifetimes are longer for BDs 
Star Forming 
Cloud Age 
(Myr) 

Disk Frac:on of 
Brown Dwarfs 
(%) 

Disk Frac:on 
of Solar‐like 
stars (%) 

Cloud name, Ref 

10  60  24  TW Hydra, Riaz et al. (2008) 

5  37 ± 9  19 ± 4  Up Sco, Scholz et al. (2007) 

2‐3  42 ± 13  33 ± 4  IC348, Luhman et al. (2005) 

~1  50 ± 17  45 ± 7  Cha I, Luhman et al. (2005)  

Longer disk lifetimes around Brown Dwarfs 
means there is more time for planet building. 

…but lower mass of Brown Dwarfs yields 
longer dynamical times for core accretion 
planet formation. 



Accretion Rates: dM/dt ~ M2 

Accretion rate as a function of the mass of the central object. Filled dots and squares are 
VLMOs in  Oph and Cha I, respectively, from this paper;  has been determined from 

Natta et al. 2004 

Longer disk lifetimes may 
make sense since the mass 
accretion rates scale with 
mass 



2) Disk Flatness 

Allers et al. 2006 



High density of  flat disks among BDs 

Allers et al. 2006 



3) Dust Processing and Strength 







Three grain sizes: 
• 0.1 µm dashed 
• 1.5 µm dot-dashed 
• 6.0 µm solid line 

See refs in Sicilia-
Aguilar et al. 2008 

Common 
Name 

Molecular 
Formula 

Forsterite  Mg2SiO4 

EnstaRte  MgSiO3 

Silica  SiO2 



Sicilia-Aguilar  et al. 2008 



5) Gas content 

May provide 
different chemistry 
for planets around 
cool stars 





SED Slopes 


