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GLOBAL SCALE DEFORMATIONS CAUSED BY THE DART IMPACT: INSIGHTS TO THE COLLISIONAL EVOLUTION OF SMALL ASTEROIDS S. D. Raducan1 , M. Jutzi1 . 1 Space Research and Planetary Sciences, Physikalisches Institut, University of Bern, Switzerland (E-mail: sabina.raducan@space.unibe.ch).
Introduction: NASA’s Double Asteroid Redirection
Test (DART) mission will impact the smaller component
of the 65803 Didymos asteroid system, Dimorphos, in
late 2022 [1, 2]. The main goal of the mission is to alter the binary orbit period by an amount measurable from
Earth [1]. A successful deflection of the Dimorphos will
demonstrate the capabilities of the kinetic impact as an
asteroid mitigation strategy. ESA’s Hera mission [2] will
arrive at Dimorphos several years after the DART impact
and will enable us to perform detailed characterisation of
Dimorphos, including orbital and rotation states, surface
properties, internal structure and composition. Moreover,
the Hera mission will measure the crater volume and morphology resulted from the DART impact.
Figure 1: Critical specific impact energies, Qreshape , as a
Past studies of the DART impact outcome [e.g., 3–5] function of impact velocity. The slid lines are showing the
have shown that the amount by which Dimorphos can be scaling Qreshape that cause target deformation. The scaldeflected is strongly dependant on its surface, subsurface ing relations were found by [7] for shape-changing coland internal properties, and is non-unique –that is, impact- lisions on generic bi-lobe shapes (≈ 5 km in diameter),
ing asteroids with different target properties and structures with YT = 10 Pa, 100 Pa and 1 kPa. The DART mission
can result in the same deflection. However, [5] showed impact (Qcrit ≈ 2.5J/kg) is plotted for comparison.
that such impacts can produce craters of different sizes
and morphologies. Therefore, by measuring both β and and evaluate the resulting crater morphologies and possithe crater size and morphology, the predictive capabili- ble target shape deformations.
ties of numerical models can be validated and the asteroid
Numerical Model: Here we use Bern’s parallel
deflection technique can be understood and ultimately reSmooth Particle Hydrodynamics (SPH) impact code [8,
produced. However, previous numerical models focused
9] to model the DART impact scenario on Dimorphos-like
only on impacts on asteroid targets dominated by strength
spherical asteroid targets and track the evolution of the tar(from 100 Pa up to few MPa) and had relatively low craget for up to 2 hours after the impact. The target was modtering efficiencies. In these scenarios, the crater evolution
elled using the Tillotson equation of state (EoS) for basalt
spanned over only a few seconds after the impact.
[10]. Numerical models of impacts into low strength-low
Recent results of the SCI impact on Ryugu [6] inferred gravity regimes are computationally expensive and therethat at least the near-surface of the asteroid may not be fore challenging to model. In order to track the long evodominated by strength, which, in turn, suggests that cra- lution of the target, here we define impact scenario that
tering is controlled to a large extent by gravity despite its allows for faster calculation times. This was achieved by
very low value. These findings might also be applica- choosing a target material with a low elastic wave speed of
ble to Dimorphos. Studies by [7] found that certain im- ≈250 m/s, which is typical for low-strength, porous mapacts with large enough critical specific impact energies, terials. We describe the material strength with a pressureQcrit , do not produce impact craters but instead can cause dependent strength model [11], for which we systematiglobal deformation of the target. Figure 1 shows Qcrit as cally varied the shear strength at zero pressure, Y0 (bea function of impact velocity for which such events are tween 0 Pa (no cohesion) and 50 Pa) and the coefficient of
expected to occur. The scaling relations found by [7] only internal friction, f (between 0.4 and 1.2). The initial tarapply to impacts into comet-like bodies and the objects get porosity was kept constant at 40% and was modelled
studied were significanlty larger than Dimorphos. How- using the P − α model [8] with a relatively low crushever, it is possible that the DART impact, which will have ing strength (10 MPa). Due to the very long timescale
Qcrit ≈ 2.5J/kg, might also produce global scale effects. required to see the effects of the DART impact, the simuThe aim of this work is to numerically simulate DART- lations had a limited resolution of 5 × 105 SPH particles.
like impacts on asteroids that use realistic material models The impact velocity was set to 6 km/s. The models used
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Figure 2: Two-dimensional slices through SPH simulations of DART-like impacts on 150 m spherical bodies.
self gravity, which was re-calculated every few time steps.
Results and discussion:
Crater morphology: The size and morphology of the
DART crater is of paramount importance for determining
the asteroid’s near-surface properties and structure. Figure 2 shows cross-sections through SPH simulations of
DART-like impacts into spehrical targets with varying initial cohesion (Y0 = 0–50 Pa). For scenarios with Y0 >≈ 0
Pa, the target cohesion is the dominant force that stops
the crater cavity from growing. Therefore, with decreasing target cohesion, more material is displaced and gets
ejected above escape speed. While impacts into targets
stronger than Y0 ≈ 10 Pa create well defined bowl-shaped
craters, impacts into weaker targets create morphologies
that do not resemble an impact crater anymore. For these
scenarios (Y0 <≈ 10 Pa) the curvature of the target also
plays a major role.
Displaced mass (Mdis ): For Y0 > 10 Pa impact scenarios, most of the material gets excavated from the crater
with velocities larger than the escape velocity (Mdis ≈
Mesc , where Mesc is the mass escaping the system). On
the other hand, when Y0 < 10 Pa, Mdis >> Mesc
(Table 1). These impact scenarios occur in the subcatastrophic collision regime, a regime between cratering
and catastrophic collisions [e.g. 12]. In these cases, there
is a relatively small fraction of the target material that escapes the target, but instead there is significant material
re-distribution, leading to a change of the overall shape.
Large shape deformations of Dimorphos are expected to
affect the mutual orbit period, which is a critical parameter for calculating the kinetic impact deflection [13].
Conclusions and future work: The DART impact on
cohesionless spherical bodies is likely to produce morphologies that are dissimilar to cratering and change the
global morphology of the asteroid. Our modelling results
together with the future observations by the Hera mission

Table 1: Summary of ejected mass above escape velocity
(Mesc (> vesc )) and mass excavated below escape velocity (Mdis (< vesc )), where vesc = 9 cm/s.
Y0 (Pa)
0
1
10
50

Mesc /Mt (%)
1.18
0.94
0.54
0.31

Mdis /Mt (%)
6.14
2.41
0.93
0.38

will therefore provide constraints regarding the evolution
of the shapes and structures of small asteroids by subcatastrophic impacts.
However, these low-strength low-gravity regime impacts are challenging to model and only limited number
of impact scenarios have been studied so far. Future work
aims to explore the effects of initial target shape, structure
and impact geometry. In parallel, coupled SPH/N-body
will be applied to investigate the long-term evolution and
deposition of low-velocity ejecta [14].
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