‘ Exploration mission concepts based cnes
on miniaturized technologies, = i
Perspectives drawn from the LCPM 13 conference.

Pierre Bousquet
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Small probes to Deep Space ? o C

In 1959, 6.1 kg Pionner 4 studied
the Lunar radiation environment.

In 1997, 11.5 kg Sojourner
covered 100 m on Mars




Nanosalellite lounches with forecasts
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Nanosaleliite ap proxima e orbits aBer launch
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Small Deep Space probes have materialized since LCPM12

Mingchuan- Harbin Institute of Technology Shielding Area

Longjiang-1/2 Lunar Satellites

Radio Astronomy in 1-30 MHz
Interferometry with two 47 kg satellites




Small Deep Space probes have materialized since LCPM12
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Small Deep Space probes have materialized since LCPM12
Lorda — CNES, Jaumann - DLR & Yano - JAXA

Hayabusa 2 - Mascot




Merce: s Agencies move to structure Deep Space Access opportunities

SIMPLEX
Proposal Launch

Primary Cut-off Readiness o
Mission Date Dates NASA has selected three finalists among a

dozen concepts for future small satellites.

The finalists include a 2022 robotic mission to
study two asteroid systems, twin spacecraft
to study the effects of energetic particles
around Mars, and a lunar orbiter to study
water on the Moon.

June 19t 2019




Bayon Agencies move to structure Deep Space Access opportunities

Eesa

ARIANE 62

Single launch in
stack configuration

Jones, UCL Mullard Space Science Laboratory - Comet Interceptor

Spacecraft B2
ESA
(Remote sensing;
Nucleus Mass Spectrometer;
. Dust, Fields & Particles)
(Continued o, g
solar wind observations

3 3z = Spacecraft B1

if either/both UVJAXA 2
B1 and B2 survive) vﬁs;b,fc?,ﬁﬁs.
Spacecraft B1, B2 Fields & Particles)
transmission of live

data to spacecraft A

\ = ESA

(Remote sensing;
Dust, Fields & Particles)
Closest approach > it
' ’,—#/ I distance decided by Primary HGA for mission.
activity level

(nominally ~1000 km) Flyby speed unknown:

\ range <10 km/s to >80 km/s
Post-encounter
data transmission to Earth
via HGA
(weeks to months duration)



Yano - JAXA
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Frontiers of the Solar System Exploration as of 2019
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Launch providers optimize their low cost offer
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So, towards 2061 ?

Miniaturisation is available now.

—> Focus on autonomy and performances

—> Revisit becomes affordable

— Approach of many small bodies becomes affordable

Small probes can take risks and can be be multiplied to increase
the chances of success.

Multi point and radioscience is greatly enhanced by small probes.



NEAs reconnaissance: Maximize the number of target destinations through
multiple spacecraft launched together, each visiting many targets
Desire high target-to-spacecraft ratio. 250 kg - spacecraft uses electrical propulsion.
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Muthulingam - JPL

57 unique NEAs can be visited by
launching 25 spacecraft on the
same day.

Many of these options share
similar launch C3, so there is the
option of launching on the same
launch vehicle.



Multi point mission to investigate Mars’ atmosphere and magnetosphere
Leblanc — LATMOS

Exploring Mars’ magnetosphere
with multi-point measurements
&

Sounding the internal
conductivity

Deconvolving time and spatial
variabilities by permanently

probing the upstream solar wind CNES. CDPP. 3DView




Spacecraft to spacecraft Radio science
Asmar —JPL

Multiple opportunities with network in orbit Short litetime tly-by probes for

key gravity field measurements

During occultations,
data stored onboard

| o/ CubeSats

Data offload during
contacts with primary
orbiter

Approximately 14 MB
acquired per day per
satellite




Nanoscleliite lounches 10 Deep Space, 2020 - 2061 ?
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