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Descendents of Protoplanetary Disks 
• far-ir thermal dust emission from reprocessed starlight 
• stellar ages >10 Myr → dust replenished from larger bodies  
• dust mass < 0.1 M⊕  
• gas mass << dust mass 
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Key Questions 
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1. signposts of planets? 
debris disk structure sculpted by planet interaction 

2. dynamical state of planetesimals? 
catastrophic collisional cascade or gentle erosion 

3. planetesimal composition?  
volatile/ice content 

 
 



Large Dust ≠ Small Dust 
• dust dynamics depends on β = Frad/Fgrav 

• dust structure depends on wavelength 
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β = 0.01 β < 0.001 

small but bound grains 
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pebbles and planetesimals 
 mm/cm 
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 optical/near-ir 
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W
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detection of planet signposts requires mm/cm emission  
ngVLA sensitivity advantage over VLA and ALMA*  



Size Dependent Dust Dynamics 
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 Liu 2004 

AU Mic 

mm emission edge coincides   
with break in scattered light      
→ locates planetesimal belt 

Augereau et al. 2006, Strubbe & Chiang 2006 

Wilner et al. 2012 



Testing Collisional Models 
• steady state catastrophic cascade 

n(r) ~ rq , q = 3.5 (Dohnanyi 1969) 

    assumes velocities and tensile 
strengths independent of size 
 

• size-dependent velocities              
q → 4  (Pan & Schlichting 2012) 

• decreasing tensile strength            
q → 3 (Pan & Sari 2006) 

• small size cutoff                              
→ waves (e.g. Thebault et al. 2003) 
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mm/cm spectral index encodes size distribution 
need long lever arm in wavelength, in (or close to) R-J limit  

Nature/ISAS/JAXA 



First 9 mm Detections of Debris Disks 
• enabled by expanded bandwidth of VLA (and ATCA) 
• limited to very small sample of brightest systems 
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Power Law Size Distributions 
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Scatter from Wavy Size Distributions? 

• small size cutoff (“blowout”) 
induces waves in distribution 
around reference power-law 
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• makes waves in dust opacity 
• consistent with scatter in obs 
• need to measure full shape of 

mm/cm emission spectrum 



Planetesimal Composition 
• unexpected CO detections in a few debris disks (so far) 
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Dent et al. 2014 

volatiles in planetesimals probed by 
radio spectral lines (CN, NH3, …) 

• β Pic ALMA CO 3-2 emission 
• 30% of emission from one clump 
• icy bodies shattered by collisions 

- destruction of a large comet every 5 minutes 
- trapping in resonance of an unseen planet 

could account for localized gas production 
 
 
 

 
velocity information informs structure 



Concluding Remarks 
• debris disk context for ngVLA  

– nearby star far-ir census complete to 10x Kuiper Belt levels 
– ALMA single wavelength dust images and more gas detections 
– more optical/ir direct detections of planets 

• prospects for ngVLA (wavelengths 3+ mm) 
– image emission from pebbles, last link to planetesimals 
– mm/cm dust spectra test collisional models 
– spectral lines probe compositions 
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