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Introduction: One of the purposes of the Asteroid 
Impact & Deflection Assessment (AIDA) space project 
is to understand the post-dynamics of the ejecta cloud 
produced by a hypervelocity impact on the secondary 
of the binary near-Earth asteroid (65803) Didymos. 
The determination of the possible dynamical fates of 
the debris ejected from a very concentrated source (i.e., 
the impact site) is crucial to assess potential hazards to 
companion spacecrafts (i.e. the European AIM space-
craft in the case of AIDA) as well as to the studies of 
the origin of binary asteroids. Compatible models for 
both components of Didymos system were derived 
from existing measurements and the combination of 
radar and photometric observations [1-2], and the heli-
ocentric configuration of the system at the planed de-
flection time was then constructed via extrapolation of 
the ephemeris [3]. In a preliminary work supported by 
the NEOShield-2 project funded by the European 
Commission (H2020 program), a two-stage method to 
track the motion of arbitrary individual ejected parti-
cles was developed and applied to a full-scale simula-
tion of the ejecta cloud. In this study, we apply this 
numerical method to more general cases, which are 
still focused on the AIDA scene settings but bear more 
implications to other binary systems. Systematic simu-
lations were performed over a wide parameter space, 
and the results reveal several global features of the 
ejecta fate distribution.  

Simulation scheme: The numerical model was 
built based on a previous analysis of the effects of the 
perturbation forces felt by the ejecta moving in the 
vicinity of the binary system. Two obviously key fac-
tors that show strong correlations with the fate of the 
ejecta are the ejection speed vl and the launching site 
on Didymos’s secondary. We performed a grid search 
over the space covered by these parameters, i.e., a se-
ries of ejecta sets of specified ejection speeds were 
defined, each including ~100,000 sampled particles 
initialized with positions over the globe of the second-
ary and with equal vl. This simulation scheme allows 
mapping the ejecta fates into a hierarchical structure. 
More precisely, the distribution of the ejecta fates with 
specified vl value can be represented as a two-
dimensional map (we adopted the local normal direc-
tion as the benchmark ejection direction. Figure 1 pre-
sents the orientations of the Didymos’ components 
with respect to the heliocentric coordinate system. The 
nominal orbital pole and the initial spin poles of both 
components are all assumed to be aligned at AIDA 

impact epoch, along (310°, −84°) in the ecliptic refer-
ence frame. 

 
Figure 1. The initial configuration of Didymos system 
oriented in the celestial ecliptic frame.  

Proportions of ejecta with different fates:  The 
results of the grid search show that within a closed 
range of ejection speeds, from 4.0 cm/s to 42.0 cm/s, 
the distribution of dynamical fates prove to be complex 
and varied, i.e., there are certain proportions of the 
ejecta finally escaping from the system / re-accreting 
on one of the binary components. Below this range, i.e. 
if vl <4.0 cm/s, all the sampled particle remain inside 
the gravitational influence of the secondary and get re-
accreted within 1.4 hr; if vl >42.0 cm/s, the trajectories 
of sampled particles will tend to be radiating in launch-
ing directions, which leads to a rapid cleanup of ejecta 
from the vicinity of Didymos, except for a small frac-
tion of the trajectories that are geometrically blocked 
by the primary. We computed the proportions of dif-
ferent dynamical fates as a function of the ejection 
speed vl within [4.0, 42.0] cm/s and found that the es-
caping fraction shows monotonous increase with vl, as 
predicted by theoretical analysis; correspondingly, the 
fraction of ejecta accreted on the secondary shows a 
generally decreasing trend; meanwhile, the fraction of 
ejecta accreted on the primary shows a first increase, 
then a decrease , with a peak for launching speeds be-
tween 12.0 cm/s and 18.0 cm/s, which exactly matches 
the variation of the residual orbiting fraction in the 
binary system. Thus, there seems to be a correlation 
between the high proportion of orbiting particles in the 
system, and the high fraction of re-accreted particles 
on the primary. In fact, orbiting particles evolve within 
the system, which increases their chance to collide 
with the primary.  
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Dynamical properties of the re-accreting ejecta : 
For all the simulations with different vl, the dynamical 
fates of the sampled particles are pictured against their 
launching sites in local coordinates on the surface of 
Didymoon (Figure 2; the definition of the local coordi-
nate system refers to Figure 1). The complex patterns 
in the map showed as an example prove to be an intrin-
sic structure that represents the global orbital behavior 
of sampled particles. An analysis of the patterns for 
different vl values reveals that two mechanisms play a 
strong role in the evolution of the ejecta: first, ejecta 
whose orbit is in mean motion resonance with the sec-
ondary’s orbit produce long-term quasi-periodic re-
accretion peaks over at least a couple of weeks after 
the projectile impact; Second, ejecta on non-resonant 
orbits produce a rapid re-accretion peak that is not re-
current as ejecta on such orbits that do not experience a 
collision during their first encounter with a binary 
component leave the system. The “slingshot effect” 
occurs in both mechanisms, which is a source of chaot-
ic motion as ejecta with similar initial conditions can 
then have very different fates. 

 
Figure 2. Example of a map of ejecta fates for vl =10.0 
cm/s. The launching sites of particles resulting in dif-
ferent fates are marked in different colors.  

The re-impact speed as well as the re-impact location 
on the primary were determined and show interesting 
features. Figure 2 synthesizes the distributions of the 
re-impact latitudes and speeds (on the primary) at 7 
different vl values that cover a meaningful wide range. 
As illustrated, the average level of re-impact speeds 
shows a positive correlation with the ejection speed, 
but the variance is usually large, leading to wide possi-
ble ranges of the re-impact speeds. The low-speed re-
impacts are limited to low latitudes (see Figure 1 for 
the definition of primary’s map coordinates), e.g., re-
impacts below 15 cm/s reside between 40°S and 40°N; 
and re-impacts below 20 cm/s reside between 60°S and 
60°N. Likewise, for higher re-impact speeds (ejectaion 
speeds), there is a trend that the latitude coverage on 
the primary shrinks with increasing re-impact speeds 
towards a constant range, i.e. for re-accretion speeds 

corresponding to ejection speeds vl >40 cm/s, the re-
impact locations will be restricted in [70°S, 70°N] (see 
Figure 3 for the sets in dark green and lavender), in 
which potential geological changes can be expected 
due to high speed impacts. The polar areas are found to 
be only reachable by  ejecta with re-impact speeds 
within a narrow range around 40 cm/s. This means that 
polar region have a low probability to undergo impact 
by the ejected debris from the secondary.   

 
Figure 3. Distributions of the ejecta re-impact latitudes 
and speeds on the primary for different ejection speeds 
from the seconday. The wireframes define the limits of 
the possible ranges.  

References: [1] Michel P.  et al. (2016) Advances 
in Space Research, 57, 2529. [2] Benner L. A. M. et 
al., (2010) AAS/DPS 42nd meeting, Pasadena, CA, 
United States. [3] Yu Y. et al. (2017) Icarus, 282,  
313–325. 

Acknowlegement: This work is performed in the 
framework of the NEOShield-2 project that has re-
ceived funding from the European Union’s Horizon 
2020 research and innovation program under grant 
agreement No. 640351. P. M. acknowledges support 
from the European Space Agency. 

 

1940.pdfLunar and Planetary Science XLVIII (2017)


