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Big catch!



Hayabusa2 is amazingly popular among 
Japanese science journalists. 

FAQ: 

Hayabusa2 is great. Why not go for Hayabusa3? 



We have MMX ongoing. 
...Maybe the journalists are so smart to regard this as 
something different from a small body mission 



And beyond

JAXA’s 
strategic small 
body exploration 
stepping into 
Mars program 
through MMX



JAXA’s 
Overall 
Scenario for 
International
Space
Exploration

Leverage small 

body and Lunar 

exploration to 

MMX and future 

Mars orbiter and 

rover missions

Target 
JFY2023

JFY
2022

JFY
2024

2023-

(orbiter + EDL) (high mobility rover)

Credit: Keio U.



<NASA>

MMX complements MSR

Mars moon SR by Japan



MMX: 
Martian Moons 

eXploration



Martian Moons eXploration (MMX) 
Japanese next-generation sample return mission

PHASE-B STARTS IN FEBRUARY  2020

• Launch in 2024 (TBD)

• Phobos: remote sensing & in situ 
observation

• Deimos: remote sensing observation 
(multi-flybys)

• Retrieve samples (>10 g) from Phobos 
return to Earth in 2029 (TBD)

THE 1ST SAMPLE RETURN MISSION FROM 
THE MARTIAN SATELLITES!



MMX Science Goals

<Goal 1> 
To reveal the origin of the Martian moons, and then to make a 

progress in our understanding of planetary system formation and of 

primordial material transport around the border between the inner-

and the outer-part of the early solar system

<Goal 2> 
To observe processes that have impacts on the evolution of the 

Mars system from the new vantage point and to advance our 

understanding of Mars surface environment transition



TWO SYNERGISTIC SAMPLING SYSTEMS 

Coring & pneumatic sampling maximizes MMX sample science

Core sampler
Access to Phobos building 
blocksbeneath the surface 
(>2 cm)

Pneumatic sampler
Selective sampling of 
Phobos surface veneer
(incl. Martian samples!)

<preliminary design>



MARTIAN SAMPLES ON PHOBOS?

Mars impact ejecta could exist in the regolith of Phobos

Mars ejecta on Phobos is expected to
• experience much lower launch velocity than 

Martian meteorites

⇒ preserve original information?

• contain a variety of ancient sedimentary 

materials (with organics??)

⇒ cf. Martian meteorite = igneous rocks

Phobos regolith provides a wealth of 
information on the ancient surface 
environments of Mars

Hyodo et al. (2019, Sci. Rep): Ejection velocity as a function of the 

peak pressure experienced during the impact and ejection process. 

Shadowed regions indicate ejecta capable of reaching Phobos

in lake-bed mudstone at Gale crater 



What’s next 
after MMX?
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As the next step in JSMEP, we had own orbiter plan, MACO, before participation in the 

international MIM concept. MACO is characterized by

➢ Science investigation of space climate, weather, and aqueous environment

➢ Primary focus on distribution and inventory of water and EDL demonstration

➢ Close collaboration between Planetary Science and Heliophysics

The scientific value of MACO has been evaluated by broader science 
community: It was nominated as one of large-scale research projects 
of Master Plan 2017 & 2020 by Science Council of Japan (SCJ).

MACO (Mars Aqueous-environment and space Climate Orbiter)

MACO has high potential for synergy with MIM, and we are 

under planning to provide sub-science payloads to MIM.

CommBirds (next-gen communications relay satellites in MIM) will offer 

attractive platform also for space weather investigation at Mars.

Japanese participation in MIM will stimulate collaboration between 

planetary science and heliophysics communities internationally.

SCJ Master Plan 2020, Project #96 (#24-2) 



<Watzin & Haltigin, 38th MEPAG report> 



<Watzin & Haltigin, 38th MEPAG report> 

by Synthetic Aperture Radar (SAR)  



An idea: Potential Japanese contribution to Mars Ice Mapper

Synergy Science: Provision of sub-science payloads and science collaboration

◎Martian Space Weather Package (with a focus on space radiation environment)

◎ Vertical Atmospheric Coupling Package (with  focus on water)

The first vertically-resolved measurement of wind and

water vapor in atmospheric boundary layer near surface.

✓ THSS (Terahertz Band Heterodyne Spectroscopy Sensor): 3D water map and wind
✓ HRMS (High Resolution Mass Spectrometer): Atmospheric isotopic composition
✓ Ion Drift Meter and RPA: In-situ wind and temperature

Two Science Payloads Packages to answer key questions:

➢ To what extent surface/subsurface water reservoirs interact with the atmosphere and have changed with time?

➢ How is “water” transported from surface to upper atmosphere where it photo-dissociates and escapes to space?

➢ What is the effects of intrinsic magnetic fields on space radiation environment and atmospheric escape from Mars?

Visualization of space environment and its effects on

the radiation (high-energy particles) penetration.

✓ MAI (Mars UV aurora/dayglow imager) Map of space radiation penetration 
✓ Space Environment (SE) Sensors (magnetometer, electron and ion detectors, space 

radiation sensor) In-situ measurement of space environment

EDL demonstration: Accommodation of small landing probe

◎ Piggy-Bag Small Landing Probe (with deploy of small robots?)

✓ Meteorological observations on ground?, MSR supports?, Aerocapture for MOI? Weather/radiation info at candidate future landing site?
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Exploring Subsurface World by High Mobility Rover



An Approach for the Next Strategic Landing Mission
-Exploring Subsurface World by high mobility rover-

by mid-2030s 

• Drilling technology & hillside roving technology

• Subsurface probe for in-situ measurements

• Sample retrieval technology for Mars sample return

Rina Noguchi (composition image after 
NASA/JPL-Caltech-Univ. of Arizona)



An Approach for the Next Strategic Landing Mission
-Exploring Subsurface World by high mobility rover-

Rina Noguchi (composition image after 
NASA/JPL-Caltech-Univ. of Arizona)Moon-to-Mars Challenge (ISAS/JAXA student program)
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