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INTRODUCTION
Over the last two decades, basic research on the shape evolution of small 
Solar System bodies due to the YORP effect, collisions and gravitational 
tides has mainly taken two approaches, evolving simple initial shapes to 
obtain  the  currently  observed  shapes  of  these  bodies,  or  taking  the 
observed  shapes  and  evaluating  their  possible  future  evolutionary 
behaviour. In this study, we take one step back and investigate how a cloud 
of self-gravitating grains accretes to form a rubble pile body or system. 

PROBLEM

THEORY
The final accreted shape is controlled by the minimization of the effective 
potential of the n- body system. The effective potential has the form 

where H is the constant total angular momentum of the system, IH (Q) is 
the system moment of inertia about the total angular momentum vector, 
U(Q) is the total gravitational potential of the system and Q denotes the set 
of  all  positions and orientations of the components in this  system. The 
system has  a  total  energy E = TE + 𝛆,  where  TE is  the  excess  kinetic 
energy, which can be dissipated as grains impact or slide on each other (at 
very slow speeds) reducing the total energy E, or which can be increased 
or decreased as a function of how the amended potential value changes as 
the particles take on different orbiting or resting configurations relative to 
each  other.  The  end  result  of  this  interaction  process  is  ideally  a 
configuration of the system Q∗ that minimises the effective potential and 
which  has  dissipated  all  of  its  excess  kinetic  enErgy,  leading  to  E∗  = 
𝛆(Q∗). 

METHOD AND RESULTS

• We used out Soft Sphere Discrete Element Method code to simulate a 
“cloud” of over ~3100 gravitationally bound spherical particles.  

• The particles are organised in staked concentric discs.

• The simulations start by providing the system with an initial angular 
velocity and the individuals particles, with a random initial velocity.  

• We investigated homogeneous and heterogeneous geometries.

CONCLUSIONS

• The amount of angular momentum in an accreting rubble pile body has 
a significant influence on the resulting morphology of the rubble pile.

• As the shape of an asteroid has a strong influence on its subsequent 
evolutionary behaviour.

• Understanding the possible range of shapes and system morphologies in 
the formation of a rubble pile system is important. 
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• Asteroids evolve through collisions. 

• We want to understand how the 
debris field, that is formed after 
one of these events, re-accretes to 
form a new asteroid.   

• The influence of the initial 
angular momentum is of special 
interest as that could determine 
the shape and number of objects 
formed.

Binary formation beyond this point


