
DUST GROWTH IN THE SOLAR NEBULA: MULTIPLE 
LOW VELOCITY COLLISIONS OF HOT PARTICLES.  T. 
Kelling1 and G. Wurm1. 1Institut für Planetologie, Wilhelm-
Klemm-Str. 10, D-48149 Münster, Germany. E-mail: 
thorben.kelling@uni-muenster.de. 

 
Introduction: Collisions between dust particles are a major 

process in the solar nebula. It is expected that sticking between 
dust particles leads to the formation of ever larger dust 
aggregates, eventually km-size planetesimals [1, 2]. However, 
once dust aggregates are mm-size and compact, no sticking in 
collisions between them has ever been observed. Velocities down 
to 0.15 m/s were studied, but only rebound was reported [3]. 
Also, collisions so far have been carried out at room temperature 
while the inner parts of the solar nebula provide elevated 
temperatures which likely change the sticking properties. Here, 
we report of first steps to study low velocity collisions at high 
temperatures in laboratory experiments. An experiment was set 
up to investigate free 2D low velocity (v < 0.1 m/s) collisions of 
hot (up to 800 K) dust aggregates under low pressures of some 
mbar.  

Dust aggregate balance: A concave heatable plate (bowl or 
trap) heats the bottom of dust aggregates up to 800 K (so far) 
while their surface cools through thermal radiation. Due to the 
low thermal conductivity of the aggregates, thermal creep leads 
to a pressure increase below the aggregates. This overpressure is 
able to compensate gravity and hence the aggregates are lifted to 
a certain height (about hundred µm). They can freely move in the 
2D bowl after lift-off [4]. 

Motions are partly random in translation and rotation, leading 
to frequent collisions (several collisions per second) if more 
aggregates are in the trap. The trap is stable and robust and 
collisions can be observed at least as long as several minutes. The 
lifted particles are between some hundred µm up to cm’s in size 
and have velocities in general below 0.1 m/s, depending on the 
temperature, pressure and dust properties. Collision velocities are 
on the same order. The trap is not very selective in size, shape 
and sort of dust. Collisions and levitations of various different 
dust powders were observed (SiO2, graphite, basalt ...). 

Results: Several types of collisions occur. Sticking seems to 
be the dominant outcome of collisions between small aggregates 
(some ten µm) leading to larger aggregates. The larger aggregates 
then show all types of collisions. Bouncing is observed as well as 
fragmentation, growth and transfer of mass. Growth can be 
observed up to velocities of about 0.1 m/s. Also spontaneous 
fragmentations of larger particles by tidal forces are observed as 
well as photophoretic ejections of smaller parts of aggregates. 

The new trap allows a detailed analysis of collisions, e.g. 
quantifying sticking probabilities to better understand the first 
phase of planet formation in protoplanetary disks. We report on 
the current status. 
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