
Collisional Grooming Models of the 
Kuiper Belt Dust Cloud 

Marc Kuchner and Christopher Stark 
NASA Goddard Space Flight Center 

Exoplanets and Stellar Astrophysics Laboratory 



April 12,13,14 
NASA 
Goddard Space Flight Center 

What do disks say about 
planetary systems? 

for info, email Sandy Barnes (sandra.l.barnes@nasa.gov) 
http://science.gsfc.nasa.gov/667/conferences/signposts.html 



(also Moro-Martin & Malhotra 
2002, 2003, Holmes et al. 2003) 

Model of Kuiper Belt Dust 
(Liou & Zook 1999) 

Image of Vega 
(Marsh et al. 2006) 

Fomalhaut 
(Kalas et al 2008) 



Dust Grain Orbit 

Debris disk, optical depth !  

~ 105 orbits in the zodiacal cloud 
~ 103 orbits in Vega or Fomalhaut disk! 

Problem: Grain-Grain Collisions! 



Dynamical equation 

Number Flux equation 

Simultaneously solve: 
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Collisional Grooming Algorithm 



PR + solar 
wind drag 

stellar gravity 

radiation 
pressure 

ma  = F GM!m/ra
2 

planet’s gravity 

+ GMplanetm/rb
2 + Rad Press. + Drag 



What happens in a collision: 

       Nothing! 
(i.e. vapor, smoke) 

OK for ice grain collisions 
or high velocity collsions. 



Seed Model: 
no collisions 



Iteration #1 

Collisional Grooming Algorithm 



Iteration #2 

Collisional Grooming Algorithm 



Iteration #3 

Collisional Grooming Algorithm 



Iteration #4 

Collisional Grooming Algorithm 



Iteration #5 

Collisional Grooming Algorithm 



 from the 
collisional grooming 

algorithm 



Collisional Grooming Models of the Kuiper Belt Dust 

•  75,000 total particles (i.e. streams) 

•  distributed among 25 grain size bins   (1 - 1400 µm) 

•  3 source populations: hot, cold, plutino, from 
      Kavelaars et al. (2010) 

•  4 different dust production rates, corresponding to 
      optical depths in the KB of 10-7 - 10-4 



Kuchner & 
Stark 2010 

viewed at 
60 µm 

Collisional 
Grooming 
models 



Critical Grain Size:  the Grain Size where tcoll = tPR 
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Crossover Optical Depth:  !c 
When the critical size equals the blowout size. 

                         sc = sblowout    

     !c = 
VKepler 

c
=10-5 in the Kuiper Belt 
=10-4 in the zodiacal cloud. 



Stark & 
Kuchner 2010 

with 
collisions, 
observed at 
60 µm 

~v/c 
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