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Introduction/Motivation: The kinetic impact (KI) 

method is arguably the most mature among all methods 

for imparting a small ΔV to a hypothetical Near-Earth 

Object (NEO) determined to pose a non-neglible Earth-

impact hazard, to reduce said hazard. Even so, despite 

the precedent of Deep Impact [1], this method has nev-

er been tested in the sense of conducting a closed-loop 

experiment, wherein a KI event is observed with an-

other spacecraft in rendezvous / proximity with the 

target to allow sufficient spacecraft tracking and target 

observations to measure the ΔV achieved by the target. 

The event’s observations would yield, in addition to 

constraining the angular momentum multiplier β and 

the KI method’s efficacy, a wealth of scientific infor-

mation; about small body cratering mechanics, geo-

morphology, and even internal structure. This idea is 

not new, being proposed for the Don Quixote mission, 

but opportunities may exist to add such an experiment 

to one of the planned spacecraft rendezvous missions 

focused on sample return (OSIRIS-REx, Hayabusa-2, 

MarcoPolo-R).  

A key concern for such mission options, and a 

prime objective of this work, is understanding any risk 

the behavior of liberated ejecta might pose to s/c safe-

ty. A secondary aim is assessing how soon the crater 

formed may be observed, and the feasibility of observ-

ing ejecta in flight to constrain ejected surface material 

properties (e.g. particle size distribution) and further 

characterize the dynamical environment. 

Approach:  Prior science studies of the generation, 

flight, and redistribution over the surface of ejecta on 

asteroidal and cometary bodies (e.g. [2],[3]) have not 

focused on the ejecta flow over shorter timescales and 

its relevant aspects for proximity operations, as herein. 

For brevity, this abstract presents a study of only one of 

the mission targets considered, 1999RQ36 for OSIRIS-

REx. We model the cratering itself and simulate the 

motion of ejecta particles using methodology similar to 

that which we used in [4] for explosive cratering on a 

binary NEO primary, but now for the ~10
3
 times higher 

event energy corresponding to a 400 kg impactor with 

11.5 km/s closing velocity.  

Inputs are the properly-scaled radar-derived shape 

model for RQ36 (~247 m mean radius), an assumed     

-90° ecliptic latitude for it’s north pole, a 4.288 hr rota-

tion period, and a GM=4.1 m
3
s

-2
. We calculate gravity 

slopes and net acceleration over the surface and select 

an equatorial location for the impact point. The crater-

ing process, governed by computed net surface accel-

eration at the impact point and reasonable material 

strength for this low-density (~1g/cc) body, is modeled 

with crater scaling laws such as those in [5]. The cra-

tering remains consistently in the strength regime, yet 

completes over several minutes. A typical crater pro-

duced is 24.5m in radius, ejecting 3.8e6 kg of material. 

Ejecta test partices are sampled from locations within 

the crater footprint, giving facet-relative launch speed, 

launch angle from normal, time of launch within crater 

formation, etc. We reject, resample particles not be-

tween local max. launch speed at which return impact 

should be guaranteed (0.012m/s) and twice the min. 

such speed at which escape should be guaranteed 

(0.208m/s), to filter for material of greatest interest for 

long times of flight. We assign particle size per realis-

tic size distribution for gravel-sized regolith (e.g. 

smoother regions of Itokawa) and propagate the ejecta 

particles with body collision detection under shape-

derived full body gravity, differential solar accelera-

tion, and solar radiation pressure accounting for parti-

cle size, optical properties, and shadowing.  

Results:  In cases with moderate numbers of simu-

lated particles (n=50000), we plot the time-history for 

the ejecta to reach the impact and “escape” (>50 km 

from centroid with positive total energy) outcomes vs. 

particle size. We find clearing times from the system 

are nonlinearly dependent on particle size as expected 

but consistently short: for the largest (45-50 cm) parti-

cles 99% of those reimpacting or escaping are cleared 

within 6.4 or 13.8 days, respectively. We present the 

size distribution of ejecta remaining at1,5,10, and 15 

days after impact, scaled for the whole ejecta popula-

tion, describe and illustrate trajectories of ejecta sur-

viving to these epochs, map areal density of ejecta re-

deposited on the body, etc. We conclude that there 

should be no more than a few thousand particles, all of 

larger (>few cm) size and thus feasible to image with 

onboard cameras for collision avoidance, by 15 days 

post-impact. All our results indicate the hazard from 

ejecta is manageable, and support the viability of per-

forming these active surface exploration experiments. 
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