Simulating Meteor Ablation using Molecular Dynamics
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Impact! particles 1. Interpretation of meteor radar data Figure 4: Energy histograms for sputtered particles. Figure 5: Energy transferred to the meteoroid. function of Velocity and impactor type 1S
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used as targets, representing both meteoric

iron, stony chondrites, and achondrite ~ Composition Fe”Ni™ 510, 510, S1C C lusi
meteors. It is a simplification to use 100% of  Density [g/cc] 7.5-8 2.5-3.5 1.5-2.5 3-3.5 oncliusion

the same material to build meteoroids, but the Origin| Asteroid core Asteroid crust Asteroid crust Asteroid crust

scale of the simulation is small enough that it Crystal BCC Trigonal Non-crystalline Hexagonal Molecular dynamics allows for in depth analysis of meteoroid ablation on the atomic scale. The sputtering yield differs from the
is be appropriate to approximate a uniform yield projected by the theory in [4]. The distribution of kinetic energy of sputtered atoms was found to nicely fit an inverse
composition for an area of impact”°. Table 1: Table of target meteoroid properties gamma function, and the thermal energy imparted to the lattice was found to have a linear relationship to impact velocity. Future

work includes expanding the simulations to more target materials and more impacting atoms, as well varying impact angle. The

simulated results will replace assumptions inherent in ablation models. Ultimately, we will apply these microscopic simulations
Meth()d()l() gy to improve macroscopic data analysis, theory, and simulations.

Simulation Overview: Meteoric Iron Stony: Crystalized Stony: Amorphous
These molecular dynamics simulations are performed
using LAMMPS, the Large-scale Atomic/Molecular
Massively Parallel Simulator?. The idea is to create an
equilibrium lattice structure at 0 K and warm it slowly to
the desired temperature, which is 250 K. The meteoroid
is then exposed to vacuum on one side and allowed to
equilibrate again. The equilibrium state is saved and a
single atmospheric molecule is made to impact the lattice
travelling at meteoric velocities (11-72 km/s). The energy,
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