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Introduction What we have done

During the formation process of planets in protoplanetary disks small dust particles Using a Monte-Carlo code we simulated

grow to km sized planetesimals and beyond via collisions. During the different stages, the ejection of fragments Iin small |
collisions occur not only between equal sized bodys. impactor - large target collisions 3,
While the gas in protoplanetary disks exerts size- and mass-dependent drag forces on focussing on how many of them can be
the dust particles and bodys present, the relative velocities between the small particles recaptured by the target in secondary ’«
and larger bodys increase. collisions (see figure on the right). gs,J
A field of investigation are the small-impactor large-target collisions where (partial) «?
erosion can occur and small ejected dust particles can be produced. These ejecta can We found that the amount of reaccreted
couple to the gas quite rapidly and can then be recaptured by the target and stick to it narticles is highly dependent on a lot of

In secondary collisions [1,2] (fig. 1). . parameters but generally benefits from Sl B R SRS R

We use a Monte-Carlo code to calculate reaccretion efficiencies under certain nigh impact velocities ( = high gas FIG. 2. Simulated collision with rigee = 100 MM, Fimpactor

oy : : = 0.2 MM, Vimpactor = 5 M/S, Tyas = 300 K and p = 0.01
VeIOCItIeS) and a large size difference mbar. Within t?\is collision, on?y 3 of the more than 50

between target and impactor (fig. 7 - 9). ejecta do not hit the target in secondary collisions.

conditions i.e. Iin free molecular flow regime. Experimental data was used to develop
models for the quantity of ejecta, the ejecta velocities and ejecta directions.
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g ; g 7S T AR P e .| adapted to the motion of the gas in specific timescales (Epstein regime).
R, | i ___.f'te'}?(i‘;tor'es O\ / “._ | Therefore as long as Vgas # Vpariice @ fOrce is acting, which can be described as
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and m is the particle mass, vg,s IS the gas velocity in
respect to the particle, 77 Is the gas-grain coupling time
[3], 0, is the geometrical cross section of the particle, p,
Is the gas density. v,, Is the mean thermal velocity of the

gas molecules, and € = 0.58 is a numerical factor.

FIG. 1. Small impacting particles can lead to partial fragmentation and to even smaller ejected particles. These Using the solution for the equation of motion, the

ejecta were influenced by the gas motion (low gas-grain coupling time, see right) and can be accreted by the target - - -
in secondary collisions ("reaccreted"). The impact-velocity accords to the gas-velocity in respect to the target body. movement of an eJeCta can be analytlca”y determined to
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FIG. 3. Scheme of a

- t particle in gas flow with

e e - sl Bt resulting trajectory (yellow

I'(t) = Tinit T+ [V|n|t Ty Vgas] Tf (1 CXp ( - )> ’ dotted), calculated from the

: " f formula described left. Note

58 Prellmlnary Results where riy; is the initial position, vy iS the initial particle ~ hat the resulting trajectory
velocity and v,,¢ Is the gas velocity (see fig. 3). Vg, for t —co.

- For every set of parameters, around 20,000 collisions have to be simulated to get

| sufficient precision of approx. 0.1 %. Due to the multiplicity of free parameters (impact
velocity, impactor size and density, target size and density, gas pressure, and gas
temperature) the aim is to determine an analytical function for the reaccretion
efficiency in respect to the free parameters.

Simulation and Model Detalls

The approach to simulate reaccretion is as follows:

Reaccretion efficiencies n can either be specified by the ratio of the quantity of 1. set start variables:
reaccreted ejecta to the total quantity (n.) of ejecta or (preferable) by the mass of mass of impactor, gas velocity_ and pos_ition of impact (in respect to model boundaries)
reaccreted ejecta to the total mass (n,,). Note that in this model every hit in a 2. use model to determine variables:

quantity of ejecta, ejecta velocities, masses, and directions, model based on experiments

3. calculate trajectories
use numerical approach to check if ejecta hit the target and identify the impact position

secondary collision with the target is treated as sticking collision.

Preliminary results for n with different sets of free parameters are shown in Fig. 7 to 9.

From experimental data [4,5,6] we
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