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2. Science goals

« One of the major goals of modern astronomy::
Studying the origin of life in the universe

— “Hoshi to Seimei” (2 &4dn) is being proposed in White paper of Japanese
Astronomy by the Astronomical Society of Japan.

« Observing the solar system by planetary exploration is essential to complement
astronomical observations.

« The keys to understand habitability:

Not only the atmosphere and the surface environment
but also internal vigor of planetary bodies (volcanic activity)
and material transport in the solar system.

 Participate in planetary missions to investigate the solar system bodies
— contribute to understanding the habitable environments in the universe



3. Scientific objectives

 Participate in (Martian Moons eXploaration) and Hayabusa2#,
to contribute to a better understanding of the formation processes
of habitable environments in the solar system.

» To determine the origin of Phobos and Deimos, to elucidate the
early Solar System evolution in terms of volatile delivery across the
snow line to the terrestrial planets having habitable surface
environments

> To explore the evolutionary processes of both moons and Mars
surface environment

 Hayabusa2#
» To constrain the origin and evolution mechanism of small asteroids
» To establish knowledge about planetary defense




3. Scientific objectives

« In the context of planetary geodesy:

« MMX

» To put new constraints on the internal structure of Phobos from
geodetic observation.

» To contribute to investigating origin of Phobos and Deimos.

 Hayabusa2#

» To support spacecraft operation and develop associated technical
development.

(Note: Hayabusa2# is an extended mission with a risk of sudden
termination)




3. Scientific objectives

« Geodetic products include precise orbit of spacecraft / gravity field, shape,
rotation parameters, ephemeris of the target body.

« Multifaceted observations from a suite of instruments (cameras, altimeter,
etc.) are to be integrated for scientific studies.

- Planetary geodesy is also an essential element of this integration.
e.g., image registration, observation condition, Landing Site Selection (LSS)

— Providing geodetic products is an indirect but crucial contribution to
planetary explorations to maximize the scientific return.

Geodesy Science Strategy Team (G-SST) has been established in this
context.

Geodesy supports planetary missions



9. Project Organization

Geodesy Science Strategy Team (G-SST) consists of 25 members (13
domestic, 12 international)

Leader: Koji Matsumoto

Other 5 staffs of RISE project (N. Namiki, H. Araki, H. Noda, S. Kikuchi, K.
Yamamoto) play an important role as the core of G-SST.

Three RISE members (H. Noda, H. Araki, K. Matsumoto) also belong to
LIDAR team.

Hayabusa2#

- S. Kikuchi contributes to Hayabusa2# as a member of the astrodynamics
team to establish the methodology of spacecraft operation in the
microgravity conditions.

« LIDAR PI changed from N. Namiki to S. Kamata (Hokkaido U.)

« N. Namiki, H. Noda, K. Matsumoto continue to support the LIDAR team of
the extended mission.

- H. Noda participates in the ground occultation observation of small
asteroids to constrain their orbits and sizes.




4. Scientific investigations

MO1.1.3: Obtain information such as molecular release rates and mass distribution
related to the presence of ice in Phobos, investigate the presence or absence of density
contrasts on Phobos’ surface, and constrain Phobos’ origin independently of MO1.1.1
and MO1.1.2

MO1.1.1: Spectroscopically reveal the surface-layer distribution of the materials that make up

Phobos with the spatial resolution required for the scientific evaluation of sampling points and Partly related
, thereby constraining Phobos’ origin through
topography &

MO2.1.1: Identify weathering and evolutionary processes (impact frequency, degree of gardening,

and space weathering processes) in specific to the Martian moons as S/C orbit
compared to asteroids

MO1.1.2: Identify the major components of constituent materials from samples collected on Phobos’ surface as Phobos

indigenous materials that retain records of their formation, strongly constraining their origins from isotopic ratios, etc.

MO1.2a.1: By constraining the formation of primitive materials in the Solar System and primitive bodies in the vicinity of Indirect
the snow line from a material science perspective, and by estimating the Phobos capture process, constrain the initial (sample
conditions for the processes of planetary migration, material transport and evolution of the Martian surface in the early i
Solar System anaIyS|s)

MO1.2b.1: For Phobos indigenous materials, identify primitive Martian components (Mars-originating components) ejected
by a giant impact and components of the impactor body, clarify their features, estimate the scale and age of the impact,
and constrain planetary migration, material transport, and planetary formation processes in the terrestrial planetary region



4. Scientific investigations

« Hayabusa2#
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4. Scientific investigations

Hayabusa2#
1998 KY26: a small fast rotator.

Not even easy for the spacecraft to stay in the vicinity and make
observations.

Theoretical study to characterize a peculiar dynamical environment of
such a small and fast rotator.
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4.1. Science Investigations until 2033
/. Current Status

Fiscal Year ()

The 5th mid-term objective (& 5 X+ E3:tE)

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Launch Arrive at Mars Landing Return to Earth

Science achievment

Data disclosure

Integration, Test, Training

Ope. prep. Observation operation

2001 CC21 flyby | Earth swingby 1998 KY26 rendezvous

Data

disclo., Inst. health check
publication

Data disclo.,
publication

Laser link
(TBD)

Inst. health check Inst. Ope. Inst. Ope.




4.3. Threshold Science

MO1.1.3 and the objectives regarding Phobos topography in
MO1.1.1 and MO2.1.1.

« Hayabusa2#
The spacecraft has exceeded its design life.

Considering potential unexpected termination, we set the
minimum success to obtain new knowledge about observational
techniques in the vicinity of a fast-rotating asteroid.

T
-] HAYABUSA2




5. Instruments and data to be returned

MMX

Instruments

« Wide-angle camera (OROCHI) Uiy N
* Narrow-angle camera (TENGOO/CAM-T) .
« Altimeter (LIDAR)

« Ground tracking stations

Data to be returned

« Spacecraft orbits with initial state vector as accurate as 10 m in position w.r.t Phobos
center of mass and 103 m s1 in velocity.

« Global Phobos topography with an average spatial resolution better than 4 m.

« Gravity potential model degrees and orders up to 5 in spherical harmonic expansion.
Accuracy of C,5 and C,, better than 2~3 %.

« Amplitude of libration in longitude better than 2~3%.



5. Instruments and data to be returned

If Hayabusa2# successfully arrives and observes 1998 KY26

Instruments

« Wide-angle camera (ONC-W)
Narrow-angle camera (ONC-T)
Altimeter (LIDAR)

Ground tracking stations

Target marker/projectile

Data to be returned
« Spacecraft orbit

« Mass and average density of the asteroid

« Constraints on the surface and internal structures of the asteroid
« The quality of these products is subject to considerable uncertainty at present
(it depends on the remaining resources at the time of arrival)



8. Cost assessments, budget line and status

« We expect an annual budget of roughly ¥15M (1,500/5F) from the management
expenses grant GEE&3X{IE).

« This estimate is based on the current budget of RISE project, including the salaries
of a project researcher and administrative supporter.

« Additional personnel expenses during Landing Site Selection activity and its
preparation period (2027-2028) will be necessary.



10. Why NAQOJ ?

« Activities at NAOJ
Lead G-SST activities as the core

» Hayabusa2#: Development and application of new methods for the exploration of
small bodies / support LIDAR operation

 Significance

» In-situ observations of solar-system objects are essential to one of the astronomical

goals of [E2&44n] . It is significant that NAOJ, a leader in astronomy, takes part in
planetary missions.

> In solar system exploration, providing geodetic products has a similar meaning to
“open use”. NAOJ is a suitable place for our activity.

« Computer system is maintained by ADC.



1. Summary of the proposal

« Science goals and objectives

Participate in planetary missions to investigate the internal structures of the solar system bodies to contribute to
understanding the habitable environments in the universe.

« Science investigations, instrumentation and data

: Constraints on the internal structure of Phobos from geodetic observation. Provide geodetic products
(spacecraft orbit, gravity/shape/rotation of Martian moons) by using cameras/altimeter/tracking data.

Hayabusa2#: Constraints on the internal structure of fast-rotating asteroid. Knowledge base for the spacecraft
operation in the microgravity condition.

 Threshold science

Phobos global topography with spatial resolution better than 4 m. An accuracy of 2~3% for C,,/C,, and
amplitude of libration in longitude.

Hayabusa2+#: To obtain new knowledge about observational techniques in the vicinity of a fast-rotating asteroid.
« Cost estimation

¥15M from the management expenses grant GEEEX{TE).

» Project Organization

RISE Project (one professor, one associate professor, three assistant professors, and one project researcher) and
G-SST members.



Backup slides
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4.2. Science Investigations beyond 2034

Next Generation small body Sample Return mission RERF I ZF4(CHTE MMXOEHEREL
(NGSR) is targeting a comet to bring back its subsurface =~ CRAIREDY g SNV NS S
materials and to unveil the origin of the solar system, JW5—> (NGSR) ZyZ3>DIRFIHEATL)
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Space Exploration (ISE) promotes lunar science and — 5. EEFEEIESOZMRERICLD. B
exploration. Studies of lunar astronomical observatory,  RIZFEREEITLTVS, AEARAXE. AE
network seismic stations, and sample return from the Ty hND—0808l HY> TS —>0zyS3>
Moon are continuing. Certain progress will likely be RIAMTON TN, EFRFEIERENEHESN
made as long as the ISE continues. BPRD. —EDERLI HIHFFEND.
Considering the above situations surrounding planetary [ FIRRAEHT. 20305852028
geodesy, we cannot decide whether to choose small- M2 OETSRHNNFIARERZH. B NE-K
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membership of RISE Project is changing during the 5th BILATEW, FT2, 3RRISETOSTY I\><;/}K‘—02A
mid-term planning period. Therefore we would like to ZAFENETIORINT D, WO T, EIANE

entrust the younger generation with that decision. g&%ﬁ%?@%iﬂﬂ%?@ﬁ%(at#‘\—"ﬁIEODZ/S"yJ(Z
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6. Originality and international competitiveness

will achieve the world's first sample return from the Martian sphere
in 2031.

(We need to monitor the development status of Chinese Mars sample
return program Tianwen-3)

« No other spacecraft will make close, long-term observation of Phobos
from QSO.

will first provide information on internal mass distribution of Phobos
from geodetic observation.

« Hayabusa2# has a clear distinction from other small body missions (Hera,
Psyche, etc.) by targeting the fast-rotating asteroid.
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