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FIRST LOOK: Bennu Mass & Density Determination
• Bennu’s gravitational parameter has been estimated based on 3 flybys:

Mass = 7.34 × 1010 (± 0.15) kg

GM = 4.9 (± 0.1) m3 /s2

Volume = 0.06171 × 109 (± 0.0004) m3

Bulk Density = 1190 (± 24) kg/m3
• Consistent with reported values of the Ryugu density
• Estimates used Doppler tracking, ranging measurements, optical navigation images and ∆DOR
• An additional 2 flybys will occur before the “final” preliminary mass is given
• Ground-based Yarkovsky estimate of density is accurate to ~1-sigma!
• First remote density estimate not based on measuring gravitational deflections!
• Verifies a pioneering technique to estimate asteroid densities remotely
• Requires:
• Precise astrometry with radar or long time span / Yarkovsky detection
• Thermal model from a space based Spitzer/NEOCAM-like telescope
• Shape and spin — radar or photometry
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Bennu Surface Acceleration & Geopotential
• Bennu is a micro-gravity body

8μG

• Surface accelerations:
• 3µG at the equator (minimum)
• 8µG at the poles (maximum)
• Geopotential low lies at the equator
• Implies material flows to equator

3μG

Surface
accelerations

• Weak cohesion has a large effect:
• Boulders embedded in regolith

may act as a cohesive solid
• Small amount of cohesion (< 1 Pa)
required to stabilize surface

Surface Downslope Directions
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Bennu Slope
• Average slopes

6.29 m

0.79 m
35∘

• 14° at 12.5 m resolution
• 17° at 0.8 m resolution
• Slopes beyond 35°
• 0.3% at 12.5 m resolution
• 3% at 0.8 m resolution
• Abrupt change in slopes at ±25°
• Flow patterns (slope arrows)
• Flow from high latitudes to the

“tropics”
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Energetics: The Roche Lobe and “The Fence”
• The Roche Lobe (RL) defines

where surface material is trapped
• Its intersection with the shape
lies at slope reduction (< 15°)
• Consistent with migration +
shaking + lofting, but how?

Roche Lobe

RL intersection with the Surface

+ Pole

~25.6°

~-24°

- Pole
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Dynamics of Lofted Material
• Bennu has 8 synchronous orbits at

a radius of ~ 300 m (altitude of ~50
m), all unstable
• Creates a highly chaotic orbit
environment close to the body
• This means that lofted material:
• can be randomly distributed
across the surface
• can persist in orbit over long time
periods

24 h
47 h
247 h
8300 h
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Conclusions and Future Work
• Bennu’s density is consistent with Ryugu and with the ground-based estimates

Bulk Density = 1190 (± 24) kg/m3

GM = 4.9 (± 0.1) m3 /s2

• The Bennu Roche Lobe has a clear correlation with changes in surface slope
• Corresponds to a change in the Bennu radius characteristics
• Possible implication is that the body is subject to shaking and lofting of

material, which is then redistributed within the Roche Lobe
• The orbital dynamics of lofted material will be complex and can ergodically
redistribute material across the “tropics” region of Bennu
• Future observations will allow the gravity field to be estimated, leading to
insight on the possible internal density distribution of Bennu
• Will provide insight into the relative density of the equatorial region and
interior of Bennu
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