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INTRODUCTION

http://www.mpia.de/homes/dullemon/group/index.html

1 cm/s 30 m/s1 m/svcol = 1 m/s
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OUR GOAL

Understand better the initial growth, 
coagulation process:

1. Use all available laboratory experiments 
for silicates

2. Construct a collision model

3. Implement this into a numerical code
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LAB EXPERIMENTS

• dust cake + projectiles

• vcol = 1m/s

• slow motion movie

• free-fall conditions in the 
Bremen drop tower

• penetration (1 out of 9 
collision types)

• Langkowski et al. 2008
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An example (1 out of 19):
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COLLISION TYPES
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THE COLLISION MODEL

• Güttler et al, accepted in A&A

• 19 experiments

• 9 different collision types

• the experiments do not cover the whole parameter 
space => extrapolation

• the parameters are: 

• masses

• porosities

• collision velocity
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Fig. 11. The resulting collision model as described in this paper. We distinguish between similar-sized (left column) and different-
sized (right column) collision partners, which are either porous or compact (also see Fig. 10). For each case, the important
parameters to determine the collisional outcome are the projectile mass and the collision velocity. collisions within green regions
can lead to the formation to larger bodies while red regions denote mass loss. Yellow regions are neutral in terms of growth. The
dashed and dotted boxes show where experiments directly support this model.

dust grains and dust aggregates is required. In Table 2 we
list all relevant parameters for 1.5 µm SiO2 spheres, for
which most experimental data are available. However, we
believe that the data in Table 2 is also relevant for most
types of micrometer-sized silicate particles.

The only collision type, which is the same in all regimes,
is the hit-and-stick (S1) process, which, due to its nature,
does not depend on porosity or mass ratio but only on
mass and collision velocity. Thus, all collision combinations
in Fig. 11 have the same region of sticking behavior for a
mass-velocity combination smaller than defined by Eq. 7.

The parameter space
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dust grains and dust aggregates is required. In Table 2 we
list all relevant parameters for 1.5 µm SiO2 spheres, for
which most experimental data are available. However, we
believe that the data in Table 2 is also relevant for most
types of micrometer-sized silicate particles.

The only collision type, which is the same in all regimes,
is the hit-and-stick (S1) process, which, due to its nature,
does not depend on porosity or mass ratio but only on
mass and collision velocity. Thus, all collision combinations
in Fig. 11 have the same region of sticking behavior for a
mass-velocity combination smaller than defined by Eq. 7.

sticking

bouncing fragmen-
tation
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dust grains and dust aggregates is required. In Table 2 we
list all relevant parameters for 1.5 µm SiO2 spheres, for
which most experimental data are available. However, we
believe that the data in Table 2 is also relevant for most
types of micrometer-sized silicate particles.

The only collision type, which is the same in all regimes,
is the hit-and-stick (S1) process, which, due to its nature,
does not depend on porosity or mass ratio but only on
mass and collision velocity. Thus, all collision combinations
in Fig. 11 have the same region of sticking behavior for a
mass-velocity combination smaller than defined by Eq. 7.

The 
parameter 

space

Güttler et al, 
accepted in A&A

mass increase
bouncing

mass decrease
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• Local box approach

• 1 AU at the midplane of 
the MMSN disk

• alpha= 10-4

SIMULATIONS
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Results 
Zsom et al, submitted to A&A
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Results

time

Another way to visualize 
the results
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Results Millimeter sized 
particles
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Results
Compaction
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Results
No fragmentation Bouncing
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CONCLUSIONS
• Growth is halted earlier because of bouncing (sizes of ~1 mm)

• Fragmentation barrier (sizes of ~1 m) is not reached

14



CONCLUSIONS
• Growth is halted earlier because of bouncing (sizes of ~1 mm)

• Fragmentation barrier (sizes of ~1 m) is not reached

Bouncing barrier

14



CONCLUSIONS
• Growth is halted earlier because of bouncing (sizes of ~1 mm)

• Fragmentation barrier (sizes of ~1 m) is not reached

Bouncing barrier

15



• Possible ways to overcome the barriers:

• Cuzzi et al, 2008 - ‘sandpile’ planetesimals

• Johansen et al, 2007 - gravitationally unstable clumps

• Using stickier materials? Ices, monomers with organic mantel?

Bouncing barrier
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COLLISION SPEEDS

Ormel & Cuzzi, 2007
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Results
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