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Outline

• Dynamical characterisation:

- statistical inversion for few or sparse data (e.g. costly)

- show constraints, avoid assumption

• Physical characterisation

- shape, density and interior

• Origin:
- re-accumulation, catastrophic collision

- CAC, chaos assisted capture
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Binast

• Binary orbit determination for resolved pairs

starting with 3 relative positions (F. Vachier)

• MLE estimator, and confidence region(s)

• Takes into account parallax, possibly astrometric

binaries and one dimensional data

Figures of equilibrium

• Ellipsoids

   &&

• Fluid (only compression, no shear)

   &&

• Incompressible
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  Incomp. fluid

Figures of equilibrium  Incomp. fluid
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Figures of equilibrium

• ! Not deriving density from shape - with Jacobi model asumption !

• => testing this hypothesis

• => material mimics fluid but does not behave as a fluid

• => derive interior

• HST/FGS -> ACM

• If true, why binaries, why these ?

• Kaasalainen

• Torppa

• Durech

• J. Berthier
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Motivations
• Some primaries or components of binary systems more likely have

« fluid equilibrium figures »:
-Hestroffer BAAS #36 (2004)
-Hestroffer, Tanga, BAAS #37 (2005)
-Hestroffer, Tanga et al. BAAS #38 (2006)
-Descamps, Marchis, Icarus (2008)

 Is there any evidence for common generating mechanism?

 Nota bene: large bodies >!100km

• Rotating gravitational aggregates have known shape/spin properties

-Richardson, Elankumaran, Sanderson, Icarus (2005)

  Can they be generated by reaccumulation?

• Finally:

Can fluid figures and satellites be generated at the same time?
Could it be reaccumulation?
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Method

• Gravitational collapse of ellipsoidal clouds of 1500 fragments

• Fragments are bouncing spheres with restitution coeff. !"~0.8

• Initial parameters under user control:
– cloud shape

– random velocities

– cloud rotation
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Different approaches to re-accumulation
         pkdgrav N-body code

Michel, Benz, Tanga,
and Richardson 2001
…

merging particles

this study

Rotating cloud:

size ~10-20X final body

Restitution: ! " = 0.8
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Description of resulting shapes

• Flattening    b/a, c/a

• Rotation

• Angular momentum

 we use these 4 parameters for the interpretation of the simulations

ab
c

In terms of ellipsoids

RGM

L
L

G
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t = 0.17 j t = 0.23 j

t = 0.29 j t = 0.47 j t = 23.25 j

t = 0.01 j
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Binary example
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Axial ratios

a
b

c
a

c

a

+ Richardson et al. 2005
x our simulations
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Spin, angular momentum

a
c

a
b

c

+ Richardson et al. 2005
x our simulations

binaries
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Summary of results
• The collapse favors fluid equilibrium regions (although the system contains

other relative energy minima, Richardson et al. 2005, and friction Holsapple
2001)

• Oblate spheroids are favored over tri-axial bodies.

• Increasing spin of a spheroidal cloud leads to spheroids
– along the MacLaurin sequence

– losing mass when at the limit of the sequence

• Higher angular momentum clouds can produce Jacobi ellipsoids

• Binaries are formed, low mass ratio, close to bifurcation Jacobi-Maclaurin

• A memory of initial conditions is preserved.

More elongated clouds:
 increased probability of tri-axial ellipsoids

 increased probability of forming binaries

• First tests with complex initial conditions (Koronis simulation, Michel et al.
2001) show the same results for the 3 largest remnants analysed.
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Perspectives
• Simulations:

– Future developments, velocity distribution

– Also
• mono-disperse sphere

• no micro-porosity

• Observations:
– HST shape measurements (FGS interferometry), data

analysis under way

– HAR observations

– Physical ephemerides (shape spin)
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Questions — Discussions
• KH: what is the reality of the model?

       could the coefficient of restitution just be

       responsible for the outcome?

– DR: numeric simulations form pkdgrav do reproduce the granular

flow, or the angle of repose within a couple of degrees.

• DH: all the sequences are normalized to the size R, it

could not reproduce the change in the angle of friction as

a function of mass showed by KH.
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pkdgravpkdgrav  usedused in « in «!!bouncingbouncing!»!» mode mode

    particlesparticles  nevernever stick  stick eacheach  otherother

P

P ’

v ’" =- ! " v "

v ’// ~ !// v//
v"

v//
P

SphericalSpherical  particlesparticles

N = 500 - 5000

!// = 1, ! " = 0.8

P ’

Hard sphere collisions
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Axial ratios

a
b

c
a

c

a

+ Richardson et al. 2005          mass loss:  +  <10%   + 10-50%      
x our simulations
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Spin, angular momentum

a
c

a
b

c

+ Richardson et al. 2005          mass loss:  +  <10%   + 10-50%      
x our simulations


