
S. D. Raducan(1), M. Jutzi(1), Y. Zhang(2), A. F. Cheng(3), R. Ballouz(3), O. Barnouin(3),  G. S. Collins(4), T. Daly(3), T. M. Davison(4), C. M. Ernst(3), T. 
Farnham(2), F. Ferrari(5),  M. Hirabayashi(6), A. Luchetti(7), A. M. Pajola(7), P. Sánchez(8), H. Agrusa(9), E. Asphaug(10), B. Barbee(11), N. L. Chabot(3), E. 

Dotto(12), E. Fahnestock(13), P. H. Hasselmann(12), I. Herreros(14), S. L. Ivanovski(15), J-Y. Li(16), R. Luther(17), P. Michel(9), N. Murdoch(18), R. Nakano(6), J. 
Ormö(14), A. S. Rivkin(3), A. Rossi(19), D. J. Scheeres(8), S. Soldini(20), T. Statler(21), F. Tusberti(7), K. Wünnemann(17) and the DART Investigation Team
(1)U. Bern, Switzerland; (2)U. Maryland, USA; (3)JHUAPL, USA; (4)IC London, UK; (5)Poli. Milano, Italy; (6)Auburn U., USA; (7)INAF-Padova, Italy; (8)U. Colorado Boulder, USA; 

(9)OCA-CNRS, France; (10)U. Arizona, US; (11)NASA/Goddard Space Flight Center (12)INAF Roma, Italy; (13)JPL, USA; (14)CSIC-INTA, Spain; (15)INAF Trieste, Italy; (16)PSI, USA; 
(17)MfN, Germany (18)ISAE-SUPAERO, France; (19)IFAC-CNR, Italy; (20)U.  Liverpool, UK; (21)NASA Headquarters, DC, US and the DART Investigation Team

1

Deflecting rubble-pile asteroids: Lessons learned 
from the DART impact on Dimorphos



The Ideal Target
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 Target properties                        Impact conditions   

□ Cohesive strength – not known

□ Bulk density/porosity – not known

□ Internal structure – not known

DART spacecraft. 
Source: NASA.

□ Impact velocity – known

□ Impact angle – known

□ Impactor mass/shape – known

We didn’t know Dimorphos’s material properties



We used Bern SPH to simulate the DART impact on 
rubble-pile targets

We used Dimorphos’s shape and the impact site characterisation 

Projectile: 579.4 kg, at 6.1449 km/s

1 - Atabaque Saxum
2 - Bodhran Saxum
3 - Caccavella Saxum 

Daly et al., 2023 (Nature)



We used pkdgrav to generate rubble-pile 
shapes as inputs for Bern SPH

Target parameters



We used Bern SPH to simulate the DART impact

Boulder tensile strength, YT = 10 MPa
Boulder porosity, 10%

We systematically varied target material properties:

Boulder volume fraction, 0 – 50 vol%
Matrix cohesion, Y0 = 0 – 50 Pa
Matrix porosity, 45%

We track the impact outcome to up to 2 hours after the impact and 
compare the outcome with the observations.

DART impact, T = 160 s



Finding 1: The surface boulder packing is low (<40 vol%)

Constant volume ~ 0.00181 km3

(of boulders larger than 2.5 m)



Finding 2: The surface/shallow sub-surface cohesion is 
less than 50 Pa. Best fit, Y < 1Pa

Ryugu, Y<1 Pa

Lunar 
regolith, 
Y~1 kPa



Finding 3: More than 0.3% and up to 1% of Dimorphos’s 
mass was ejected – consistent with early observations



DART impact occurred in the sub-catastrophic regime and may 
have caused the global deformation of Dimorphos
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Our models provide testable predictions that will be studied by 
ESA’s Hera mission



Catastrophic catastrophic disruption threshold for asteroids

- Q*D curve for rocky S-type 
asteroids, at 5.5 km/s and 45o



Catastrophic catastrophic disruption threshold for asteroids

- Q*D curve for rocky S-type 
asteroids, at 5.5 km/s and 45o

- Q*D curve for porous C-type 
asteroids, at 5.5 km/s and 45o



Catastrophic catastrophic disruption threshold for asteroids

- Q*D curve for rocky S-type 
asteroids, at 5.5 km/s and 45o

- Q*D curve for porous C-type 
asteroids, at 5.5 km/s and 45o



Catastrophic catastrophic disruption threshold for asteroids

- Q*D curve for rocky S-type 
asteroids, at 5.5 km/s and 45o

- Q*D curve for porous C-type 
asteroids, at 5.5 km/s and 45o

- Specific impact energy for 
DART



Catastrophic catastrophic disruption threshold for asteroids

- Q*D curve for rocky S-type 
asteroids, at 5.5 km/s and 45o

- Q*D curve for porous C-type 
asteroids, at 5.5 km/s and 45o

- Specific impact energy for 
DART
- Q*D curve for homogeneous, 
cohesionless asteroids
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A DART spacecraft would catastrophically disrupt a rubble-pile 
asteroid smaller than ~56 m across

- A DART-like spacecraft 
would disrupt a 28 m 
(diameter) S-type 
monolith

- A DART-like spacecraft 
would disrupt a <90 m 
cohesionless, 
homogeneous target

- A DART-like spacecraft 
would disrupt a <56 m 
Dimorphos



Conclusions

- Dimorphos is a rubble-pile, with a low surface cohesion 
and a low boulder packing (less than ~40%)

- DART likely caused the deformation and resurfacing of 
Dimorphos, as opposed to a well defined impact crater

- Our models provide testable predictions that will be 
studied by ESA’s Hera mission in late 2026.

- DO NOT send a DART-sized spacecraft to an asteroid 
smaller than ~56 m across

DART impact, T = 160 s
Dimorphos, 
T = 2 hours


