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Geophysical exploration of asteroids

 Understandingtheinternal structure and mechanical properties of asteroidsisa major

science question
A primaryunknown of hazardous asteroid mitigation (‘know your enemy’)
* The onlyway toreallyunderstandthe mechanical properties of an asteroidistointeract

directly with it

Today | will talk (briefly) about:

* The possibilityto perform an in-situ seismic experiment
* A newinstrumentdevelopmentthat will reach TRL6/7 within the next 3-4 years

* Interpretingaccelerometer data acquired duringrebounding/landing
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Evidence for seismic activity on asteroids

Destabilisation of slopes and regolith Lack of craters on Itokawa (Saito et al., 2006)
migration (Richardson et al., 2005)

16/11/2018 Naomi Murdoch: Geophysical exploration of asteroids with a surface science package ISAE-SUPAERO /3



Seismic sources on Didymoon

For more information
about the frequency of
occurrence and seismic
moment of these
seismic sources on
Didymoon see
Murdoch et al., PSS
(2017)

Tidal
deformation

~

Meteoroid
impacts

wFadden etal. 2005 j /
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Interpreting the seismic signals

A regolith layer resultsin seismic
energy becomingtrappedin the
regolith dueto the strong
impedance contrast at the regolith-
core boundary
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Voids lead to the wave-field becoming
more complex and the onsets of seismic
waves becomingless clear due to

increased scattering
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Interpreting the seismic signals

no regolith

A regolith layer resultsin seismic
energy becomingtrappedin the
regolith dueto the strong

Performing a passive seismic experiment on Didymoon could provide
information about the sub-surface and internal structure, demonstrate
seismology capabilities on small body surfaces, and could lead to very
unexpected and exciting scientific discoveries.
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An optical seismometer fc PI{ONEERS

asteroid exploratic *«MWMWWM

- Planetary Instruments based on Optical technologies for an iNnovative European SRR

* *
* *
* *

Exploration using Rotational Seismology

* 4 Kk

« Fouryear project funded by the EC, start in January 2019; develop an innovative (optical fiber)
seismometer that provides 6 degrees of freedom measurements: 3 translational and 3
rotational.

- Expertise fromInSight and Earth Rotational Seismology

«  We will build a reduced scale version specifically dedicated to the exploration of small bodies

AGEX
Asteroid
GeophySICaI

ROtational Motions in seismologY

PIONEERS | [E3S
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Understanding accelerometer data
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To betterunderstand accelerometer data
duringasteroid landing/rebounding, we have
developed a drop-tower experiment for low-

velocity collisions in which gravity is a variable

Iq?oUODoO

(see Sundayetal., RSI, 2016)
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ISAE-SUPAERO drop tower

v Variable and controllable gravity (~0.2 - 1 m/s?)

v Lower gravity levels and smaller collision velocities (2 - 40 cm/s) than similar experiments
v’ Large experiment, meaning we can do full-scale landing experiments

v Accelerometers inside the projectiles to measure precisely the impact dynamics

v’ Easily adaptable to different projectile shapes and sizes
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Drop tower experimental results

During asteroid rebounding/landing an accelerometer can provide measurements related to the surface
mechanical properties e.g., peak acceleration, collision duration, penetration depth

BUT our experiments show that regolith is expected to have a more fluid-like behaviour in low-gravity

Consequences?
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Drop tower experimental results

During asteroid rebounding/landing an accelerometer can provide measurements related to the surface
mechanical properties e.g., peak acceleration, collision duration, penetration depth

BUT our experiments show that regolith is expected to have a more fluid-like behaviour in low-gravity

Consequences?
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Low gravity testing is important for correctly interpreting
accelerometer measurements during rebounding/landing!
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N
wo1t  For more information about the influence of gravity, particle size, and projectile shape on

accelerometer data during low velocity collisions see Murdoch et al., MNRAS, (2017) and
Nguyen et al., Submitted to MNRAS.
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*Understanding the internal structure and mechanical properties of asteroids
is @ major science question

*Performing a passive seismic experiment on an asteroid such as Didymoon
could provide information about the sub-surface and internal structure,
demonstrate seismology capabilities on small body surfaces, and could lead to

very unexpected and exciting scientific discoveries (see Murdoch et al., PSS, PIQ N E E RS

2017). |

*We are currently developing a new, innovative optical seismometer for small
body exploration - PIONEERS (EC funding, TRL6/7 by 2023)

*In parallel, to better understand asteroid rebounding/landing, we have
developed a novel drop-tower experiment for low-velocity collisions in which
gravity is a variable (see Sunday et al., RSI, 2016)

*Our experimental results highlight the importance of low gravity testing for
correctly interpreting accelerometer measurements during
rebounding/landing (Murdoch et al., MNRAS, 2017; Nguyen et al., Submitted)
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