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Mutual collisions between dust grains and dust aggregates play an important role in the first phase of planet
formation. Beginning with (sub-)micrometer-sized dust
grains, those collisions lead to sticking and the growth of
larger aggregates. Early microgravity experiments (onboard the Space Shuttle, see Ref. [1]) could show that
micrometer-sized grains are indeed very sticky in the relevant velocity regime and form very fluffy, fractal aggregates. Collisions between these fractal aggregates have
also been shown to lead to further growth [2] but it was
not clear up to which size this could continue.
A Model for Dust Aggregate Collisions
To solve this problem and to study also the post-fractal
growth regime, we developed a new model to predict
the outcome of arbitrary collisions between protoplanetary dust aggregates [3]. This model is based on a great
number of laboratory experiments, of which many were
conducted under microgravity conditions like the Airbus
A-300 Zero-G and the drop tower in Bremen, Germany
[e.g., 4, 5, 6]. Altogether we considered nineteen individual experiments and the model comprises the masses of
the two collision partners, their porosities and the collision velocity. Depending on these parameters, we found
different types of sticking collisions, bouncing, as well
as fragmentation. This can be regarded as a kernel which
was then implemented into a Monte Carlo growth simulation to conclude the consequences of all these collected
laboratory results for the dust evolution in a protoplanetary disk [7]. We found that aggregates grow to a certain
size (millimeters to centimeters, depending on the exact
protoplanetary nebula model) before the growth is stalled
and most collisions lead to bouncing and compaction.
New Approaches for Microgravity Experiments
We are currently studying the further evolution and testing the model in the parameter range where it is so far
somewhat uncertain and widely extrapolated. For the
further evolution we will give two examples here, which
comprise new microgravity experiments and a suborbital
research application.
Individual collision experiments between centimeterto decimeter-sized dust aggregates are performed in a
small laboratory drop tower. This tower consists of a
glass tube and we drop two aggregates with a relative ve-

locity at the top. Those fall down and collide in a free
collision, which is observed by two high-speed cameras
that are simultaneously dropped outside the glass tube.
For small velocities (below 20 cm s−1 ) the aggregates
bounce while for higher velocities they begin to fragment. For an intermediate velocity range, only one aggregate fragments while the other gains mass from this
destroyed aggregate [8].
A greater number of collisions between (sub-)
millimeter-sized dust aggregate are studied within a
many-particle system in a suborbital flight experiment
[9, also see abstract by René Weidling]. It will be flown
as a module of the MEDEA experiment (Microgravity
Experiments on Dust Environments in Astrophysics) onboard Blue Origin’s New Shepard Research Demonstration Flight1 . First experiments with the same setup were
already performed in the drop tower Bremen at a microgravity time of 9 seconds. In a system with approx.
800 dust aggregates, we observed collisional cooling, extremely low collision velocities (millimeters per second)
and sticking of millimeter-sized aggregates.
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[8] Beitz, E., Güttler, C., Blum, J., Meisner, T., Wurm, G., and
Teiser, J. The Astrophysical Journal (submitted).
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