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Jianyang Li et al. 2009 



Radiative Transfer + Navier-Stokes  

⇒ Scale Height (r,θ) 

Oppenheimer et al. 2008 
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Collisional Grooming Model 
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X 
e.g. Jackson & Zook (1989), Dermott et al. (1994), Wyatt 
(1999), Liou & Zook (2000), Wilner et al. (2002), 
Quillen & Thorndike (2002), Moro-Martin & Malhotra 
(2005), Reche et al. (2008), Debes et al (2009) 



Stark & Kuchner 2008 
25,000 particles 



Typical Dust Grain Orbit 

Debris disk, optical depth τ  

TCollision ~ TOrbit / (2τ) 

η0 ~ TPR/TCollision 



Dynamical equation 

Mass Flux equation 

Simultaneously solve: 
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Stark & Kuchner 2009 



X X 

x x 





€ 

= niσ i Δvij
i≠ j
∑

all 1022 particles 

collision rate i 

all 105 streams 

OK as long as collision time >> sampling time. 



1. Integrate particle orbits. 
2. Record positions and velocities in a histogram 
    (distribution function). 

Collisional Grooming Algorithm 

Christopher Stark’s Thesis 

3. Allow particle streams to interact with distribution 
    function. 
4. Update distribution function by weighting the streams. 
5. Repeat 3-4 until the process converges. 



Seed Model 



Iteration #1 



Iteration #2 



Iteration #3 



Iteration #4 



Iteration #5 



1-D solution from Wyatt (2005) 

collisional grooming algorithm 

A Test of the Algorithm! 



No Collisions 



tcoll ~ 10 tPR 



tcoll ~ tPR 



estimate 
from optical depth 

collisional 
grooming 





SPITZER 

Stapelfeldt et al. 2003 







Dynamical equation 

Solve: 
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F = ma


