EPSC Abstracts

Vol. 5, EPSC2010-551, 2010

European Planetary Science Congress 2010
(© Author(s) 2010

Equilibrium shapes of rubble pile asteroids
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Abstract

A significant fraction of asteroids are probably aggre-
gates of boulders kept together by simple gravity. If
these bodies were self-gravitating and rotating cohe-
sionless fluids, they would be found close to one of
the well-known equilibrium sequences of MacLaurin

quences, as illustrated in fig. 1. It is clear that the
observed axis ratios scatter on a wide range of val-
ues, apparently unrelated to fluid equilibrium. On the
other hand, even complex shapes such as those of 216
Kleopatra or 25143 Itokawa exhibit small local slopes
relative to the local potential surface (less than ~10
degrees), with asteroids with satellite seeming even

and Jacobi; conversely, it is known this not being the
case. This discrepancy, although expected on the ba-

closer [Hestroffer and Tanga(2005)].
In the following we expand on the results obtained

sis of their rocky nature, is surprisingly small when
quantitatively evaluated. In this work an analysis of
the preferential shapes a gravitational aggregate tends
to assume under the action of self-gravity is presented:
the results show that actual asteroid shapes are consis-
tent with evolution of aggregates of free components
tending towards minimum free energy states.

1. Introduction

in [Tanga et al. (2009)], showing that the classic fluid
equilibrium shapes constitute an attractor for the evo-
lution of ellispoids of arbitrary initial axis ratios.

2. The model

For an aggregate body in rigid rotation, its mechani-
cal energy will be the sum of the gravitational energy
U and of the rigid body rotational energy E,.. A cer-
tain rigid body shape for a given spin can be man-

Current models suggest that many medium-to-large
asteroids are not monolithic in nature, but rather “rub-
ble piles” of fragments sticking together by simple
gravity. This conclusion is mainly supported by a se-
ries of facts: the presence of “asteroid families” of
asteroids of similar orbits and composition suggest-
ing a shattered parent body [Michel et al.(2001)]; the
diameter distribution of asteroids dn oc D¥=25dD

tained only if the object is at equilibrium, otherwise
beginning a process of reshaping with loss of energy
due to internal frictions before eventually come to a
rigid body rotation configuration. As this process does
conserve angular momentum L, and supposing con-
stant density, it allows us to define a normalised quan-
tity E;, = U + E, depending only on the shape of
the body, and to assume that reshaping shall occur in

compatible with the equilibrium for a collisional
population of frequently mutually shattering bodies
[Dohnanyi(1969)]; the limit of ~2h of the rotation
period of asteroids larger than ~100m corresponding
to cohesionless aggregates on the threshold of mass
shedding [Harris(2002)]; the low bulk densities of
many asteroids with respect to meteorite rocks of sim-
ilar spectroscopic properties suggesting internal voids
[Britt et al.(2002)] consistent with a fragmented struc-
ture.

Due to the rocky nature of the components, the clas-
sic hydrodynamic theory of equilibrium of fluid bod-

the direction minimizing such quantity, i.e. following
_vsha,pespace E.

Assuming an ellipsoidal shape with semiaxes a, b, ¢
(c being parallel to f), in the classical incompressible
fluid case, a self-gravitating body at equilibrium acco-
modates to an equipotential surface, always orthogo-
nal to the local (gravitational + centrifugal) force, re-
sulting in the MacLaurin and Jacobi sequences. This
model assumes an absence of resistance to internal re-
shaping, which is not the case for real rocky asteroids.

If a body is free to evolve from a starting non-
equilibrium configuration in rigid rotation, _jt will mi-

ies [Chandrasekhar(1969)] does not seem apt to di-
rectly describe the general trend of actual shapes. It
is not surprising that the observed shapes don’t clus-
ter around the MacLaurin and Jacobi ellipsoidal se-

grate on the (b/a); (c/a) plane of constant L along the
direction of _61;/(1,;<:/(1,E~L towards the minima of the
Maclaurin or the Jacobi shapes. In an area around
such ideal minima, however, the thrust for reshap-



ing is so low to no longer being able to overcome
the tiny friction presented by the body: the process

arguably less than the repose angle for a pile of rocky
or icy boulders. This result does not imply that the

of reshaping thus may come to a halt. The resulting
final states were obtained via numerical simulations
with the PKDGRAYV code [Richardson(1993)] on bod-
ies composed of identical spheres.

constituting material should have this Tow angle of re-
pose, but simply that the history of the body, by the
progressive gradual action of small stresses (due to mi-
nor impacts, tidal forces...) allows it to flow gradually
toward a more fluid-like final state.

3. Conclusions

Comparing (fig. 1) the diagram of final shapes for
multiple values of Angular Momentum to the dis-

One shold note that our conclusions are based on
the analysis of known axis ratios only. This can
be seen as a limitation, but our approach avoids
poorly known parameters (such as the density) that

tribution of real asteroids, the similarity is obvious

could seriously affect the conclusions reached in pre-

[Tanga et al. (Z009)].
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vious papers [Holsapple(2004)]. Further observa-
tional data [Torppa et al. (2008)] not considered in
[Tanga et al. (2009)] appear to be consistent with the
proposed model and further support our evolution sce-
nario for the origin of the observed shapes.
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the right side of the box.
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