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Motivation

This workshop is to present the latest research results from both science and
engineering that will lead to future new mission proposals over the next few
decades.

What science
goal should
= Japan aim??

How do we
Which explore??

technologies
do we need??




Interaction between ISAS PEWS and Tohoku SPS
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« Backgrounds

- Science requirements
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X-NIHONBASHI TOWER, Tokyo, 4 September 2024

ISAS Planetary Exploration WS 2024
~ Mars Splinter ~

« Splinter contents: Step 1 landing site and I-MIM science If time permits

1. Landing site for. Step 1
2. Science with I-MIM

Splinter-lead members:

Shotaro Sakai, Rina Noguchi, Shunta Kimura, Mizuho Koike, Kei Masunaga,
Arihiro Kamada, Yasunori Nagata, & Tomo Usui
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‘Key Technologies 5
Entry-descent-landing (accurate landing & aerodynamic control)
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‘. Deep space transportation (orbital rendezvous planetary protectlon)
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Overview of stepwize Mars landing program (From Yamada-san)

The stepwise Mars program will be closely related to lunar and deep-space

exploration missions.
<Lunar Exploration>
From 2020s

SLIM,
LEAD,
LUPEX....

Thruster
-Landing system
with retro-jet.

*Rover

<Mars landing Program>

Front Loading (~2020s) :
Development of OTV and :
inflatable aeroshell. :

— :
Step 1 (~2030)

<Deep-space exploration>

-Common OTV

Demonstrate orbital transfer
by OTV and safe landing by |
inflatable aeroshell.

Step 2 (~2035) (e.g., I-MIM) |
Enhancement of aeroshell :
function. Demonstrate pinpoint |
landing and soft landing with |
retro-jet. :

—— :
Step 3 (~2040) :
Size up of aeroshell. :
Mars rover for science mission. '

2030s ~
-Sample return mission from

deep space.

Flyby exploration to deep

space with small satellite.

-Others...
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What did'we diScussS In the splinter. aiter 20207
What are the science interests?

« Atmosphere-cryosphere-lithosphere interaction: Upper-lower atmospheric coupling,
atmosphere-surface-subsurface interaction, Phobos-Mars interaction, Volatile and water
Inventory, photochemistry and aerosols, outgassing-volcanic history, interior history,
oxidation-reduction history

« Atmosphere-space interaction: Role of intrinsic magnetic field for habitability, Space
weather (SEP, UV, SW), Chemical evolution, Impact on prebiotic molecules

« Life and organic geochemistry: Origin of organics-preservation, Subsurface/surface
difference, Life and water detection, Life evolution

« Subsurface science: Paleo (and current?) habitable environment, Lava tube, Polar ice,
Internal structure
Methodology, Observations, and Measurements to achieve?

« Seismic observation, Geological measurement, Magnetic field measurement, Radiation
(energetic particle) measurement, Bio-signature and prebiotic molecule detection, Isotope
ratios, Space-weather package, and Weather package.

Where to go?

 Volcano, Polar region, Crustal magnetic field in the southern hemisphere, Lava flow channel,
etc




Splinter discussion

In the past, splinter sessions have had only a limited and short discussion time, often
forcing the session to end in the middle of a discussion. At this time, we have a total
session time of 4.5 hours.

Topics on which we want to focus in this splinter
Focus on Step 1 landing site and I-MIM science if time permits

1. Landing site for Step 1
 Scientific priority of two scenarios

« Candidates of realistic landing site based on required landing accuracy, etc. w/
engineers

« Science at the landing site and matching science instruments and collaboration
with other missions

 Planetary protection
 Scientific possibilities with OTV
2. Science with I-MIM
« Sharing the progress of the scientific/instrument study with EDL after SPS
e Science with orbiter




o From Sekine-san’s slide
Step 1: Science Concept

* How long did Mars have a dynamo-induced magnetic field?

* How much is water contained in mantle? Any 3-D structure in mantle?
 How extensive is groundwater? Global or local?

* Any ongoing hydrothermal activity near active magmatism site?

Is' Mars alive? To determine the activity, supply, & loss of water

[Potential Scenarios)

Scenario 1 (hot [Elysium Mons & Plan.] How extensive is groundwater present in northern lowlands? Are there
scenario): Current hydrothermal activities today? Is there mantle plumes and how much water is contained? In Scenario
activity of water at 1, landers will investigate groundwater extents, volcanic, and hydrothermal activities. The amount of
water in the mantle beneath volcanoes (evolved mantle?) is also measured.

volcanic region

Scenario 2 (cool [Southern highlands] Groundwater may be present at InSight’s landing site (lowlands), but is it global?
SN B 35186 88 How about southern highlands? How long did Mars have a magnetic field? In Scenario 2, the presence
groundwater & of deep-crustal groundwater in southern highlands is investigated. Also, remnant magnetic fields and
water in mantle water contents in the mantle of the southern hemisphere (primitive mantle?) are measured.




A few-sentence summary from invited talks

Taichi Kawamura: What We Learned from InSight and Our Next Steps for Martian Seismology

Crust 20-40km, thick mantle (500km, thermal lithosphere) + fully molten silicate layer (BSL) , liquid iron core with
17 wt% S.

Marsquakes are active in southeast of Elysium, but not enough data for other regions (e.g. Tharsis)
Water in mid crust?

Sheer velocity jump at ~1000 km depth, depending on the model (mineral composition)

Molten layer on core?

Yasuhito Sekine: Science Targets for Multiple Landers on Mars

To understand Mars as a system from the core to magnetosphere.

Super volatile rich core H, S, O, C 10-15 wt% (InSight lander)

Ground water in liquid? in 10-20 km depth at InSight landing site.

Stepl : to understand exchange of materials between the interior and surface

Potential scenario: Hot scenario (current activity of water at volcanic region) (landing to Elysium Mons & Plan.) &
cool scenario (Extent of groundwater & water in mantle) (Southern highlands)

potential science payload: magnetometer, seismometer, weather package (with wet chemistry), camera /
spectrometer

Wet chemistry: silicon chip device for GC or LC
+ small Robotics (<1 kg) as a sub-payload such as LEV-2 for SLIM



A few-sentence summary from invited talks

Masahiko Sato: Magnetic Field Investigation on the Martian Surface: A Case for the Crustal Remanence

Internal structure, history of dynamo, and space weather by B field obs.
Remanence of crater
Dynamo history: Evaluate interior dynamics and surface environment.

TARGET in Stepl: Verification of the dynamic cessation after about 4 Gyrs ago, variation in magnetic field during
the dynamo period, changes in magnetic field during the dynamo cessation, and optimization with targets of

magnetic sounding & space weather monitoring

Naoki Terada: Search for Underground Water on Mars with Magnetic Field Measurements

Electrical resistivity (conductivity) sensitive to water layer in shallow depth and water content in mantle //ionospheric
currents

Prove electrical conductivity with external perturbations (26 day solar rotation, diurnal ionospheric currents),
Measure B as a sum of induced, external and ionospheric fields -> extract induced

Ex and nabla B_H?

Potential method for conductivity investigation: HSG method or Spherical harmonics analysis

HSG method needs station distance shorter than wavelength (~100s km) in the ionosphere.



A few-sentence summary from invited talks

Yohey Suzuki: Analog Rock Studies for the Detection of Life on Mars

PP for backward contamination from Mars with SSAP group

Microbial lifes are detected from basalt rock (drilled from terrestrial ocean)

Mineralogy (basaltic base rock, smectite from water-rock interaction) is similar to most Mars rocks
Potential target for subsampling is pore-rich or clay-rich rocks

Non destructing analysis with FT-IR, FT-IR Microscopy and O-PTIR

O-PTIR can detect one single cell. Test with analog rock is ongoing.

Bioburden control (< 50 spores / m"2)

Ken Goto: Overview of Small Mars Lander in Step 1

3 or 4 micro landers inserted from Mars orbit. Probe Mass 20 kg per lander. Size 350 mm in diameter x 750 mm

Micro lander with inflatable aeroshell, 3 m in diameter, penetrates to Mars surface. Impact speed 50 m/s. attack
angle ~ 20 degrees. Survive time ~ several months.

Landers can communicate to orbiter.

Science payload ~ 1.5 kg.

Electric power supplied by thin film solar cells on aft membrane aeroshell. several 100 W.

After landing, it is warmed at night by heater and battery. low temperature rechargeable battery.

Planetary protection system in ISAS/JAXA will be established for STEP 1. Bioburden room space 4 m x 3.5 m.
Science instruments: Seismometer, such as LUNAR-A and Dragonfly.



A few-sentence summary from invited talks

Kanako Seki: Overview of Step 2 (International Mars Ice Mapper)

» Reconnaissance mission for future human exploration to Mars

» Mapping of subsurface water and ice by the synthetic aperture radar (SAR)
« Mars orbiter in circular orbit, with EDL Demonstration.

» Three science objectives by MDT: Geosphere, Habitability, Atmoephere

« Expectation of JAXA contribution: Sub-mm sounder, UV-VIS camera (atmomspheric package) for element 1
(orbiter), Demo lander and its science payloads for element 2 (demo lander)



Splinter discussion

1. Discussion on landers
* Need for multiple landers:
* Itis necessary to consider the merits and demerits of scenarios in which no more than three landers are required, and
scenarios in which even one lander can succeed.
« Science Payload:
« Install the same observation instruments on multiple landers.
« If more than three observations are required, four or more units are desirable for redundancy.
 The issue is whether OTV can carry it.
« Constraints on lander weight:
« Whether all of the science payloads currently under consideration can be carried in Step 1 depends on the weight.
« Landing accuracy and penetration depth:
« When targeting high-latitude areas, landing accuracy and penetration depth should be considered.
« There are concerns about contamination of underground ice, which is an important issue from a planetary protection
perspective.




Splinter discussion

2. Discussion on landing sites

Multiple-point observations:
» Observations at multiple points are essential to detect the presence of water and hydrothermal fluids in the mantle and crust.
« Observations of crustal remnant magnetic fields are not a problem at a single point.

Observations in high latitude:

» Itis possible that in the future, special regions in high latitude regions may be targeted, but they may not be targeted in Step
1.

Observations at the north-south hemisphere boundary:

» The subsurface structure of the boundary region between the northern and southern hemispheres is still poorly understood,
and probing the interior structure of Mars with seismic waves is of great scientific value.

» If one point of observation is in the northern hemisphere and the other in the southern hemisphere, it would lead to great
science (as well as understanding the Martian subsurface structure).

» In terms of Mars magnetic field observation, three points within 100 km is not a problem for understanding the history of the
Martian magnetic field, but a significant change in the geological structure of several subsurface layers for observing the
subsurface water distribution is not very desirable.

Observations in the Southern Highlands:

« The Southern Highlands are valuable because of the different types of seismic waves that can be observed with InSight.

« It would also be valuable if the layered mid-crustal structure captured in the underground at InSight could be observed in the
Southern Highlands.

» Because Valley Networks and other zones have been observed in the Southern Highlands, it is possible that traces of water
may still be present.

Observations in areas with strong crustal remanent magnetic fields:
« Because crustal magnetic fields are strong even below 45° latitude, such locations can be targeted.
Observations by soft landing for Step 2:

« If a soft landing is possible, in-situ analysis can be accomplished.

« Landing site candidates are locations where the presence of water is suggested to be about 1 m below ground level, or in
polar regions.

» Since the subsurface structure can be estimated in conjunction with the short-period seismometer, a long-period
seismometer should be placed in Step 2 or later, if a soft landing is feasible.



Splinter discussion

3. Discussion on the value of observation data

Weather model validation:
« Observations at new landing sites are important because adding new observation points that are different from past
explorations will help validate existing models.
Understanding dust storms:
« Targeting the degenerating edge of the CO, polar cap (about 45 degrees latitude) may advance our understanding of the
mechanism of dust storms that expand from that area.

. Discussion on technical issues

EDL weight limit:
« The weight of the EDL is limited to 30 kg if it is to utilize the heritage of the observation rocket to date.
« OTVs can also carry observation equipment, but allocating payload there may reduce the amount of payload that can be
sent to the EDL.
EDL timing:
« After confirming the first successful EDL landing, the next aircraft is dropped.
« The time difference is expected to be about one week, depending on the OTV.
Dispersion area at landing:
« The lander's fall dispersion area is expected to be 150 km in the long axis direction and 50 km in the short axis direction,
which is wider than the lunar surface.
Power supply and temperature control:

« For earthquake observation, it is more important to know the position after the fall and how long it takes to observe multiple

points simultaneously than the accuracy of the fall position. If time difference < lifetime, there is no problem.

« Battery degradation in low-temperature environments constrains their lifespan, and heaters are needed at night (when there

IS no sunlight) due to the low-temperature environment. Temperature control of observation equipment is an issue, and
heater power is tight, making it difficult to further warm up observation equipment.

 From Step 2 and beyond, the landing will be a soft landing in a reverse thrust configuration, so unlike Step 1, which is a
penetration configuration, the soil cannot be used to retain heat. Since it will be necessary to heat propellant such as
hydrazine, there is no prospect of being able to afford heater power, even for Step 2.



Splinter discussion

« Hardness and softness of the ground at the landing site:
« The penetrator is designed for trampled soil. If it is too soft, it may dive, and if it hits lava or other rocks, it may bounce back
and fall over.
* Need to consider how likely it is to hit rocks.
« Crater edges may be too soft.
* InSight selected a site with a sand layer of about 5 — 10 m as the selection site.
» Challenges of multiple-point observations
» To observe the subsurface water distribution with a magnetometer, three points need to be placed within a few hundred
kilometers of each other. Since there is a conflict with other sciences, it may be possible to substitute one point by placing a
magnetometer on the orbiter side as well.
» Itis not desirable to have three points within a few hundred kilometers of each other to significantly change the geological
structure of the subsurface.

5. From Step 1to 2
» The interval is assumed to be relatively short (about 10 years).

+ The same type of aeroshell is used for Step 1 and Step 2 (soft landing).
* The engineering study for Step 2 is underway at the same time.
» The overall weight of Step 2 is expected to be about 150-200 kg.



Step 1 Science Matrix

Science target

Water and hydrothermal fluids
in the crust

Water and hydrothermal fluids
in the mantle

Crustal magnetic field
obeservations

Underground structure

Recent past hydrothermal
system (habitable world?) in
possible active volcaninic field

Subsurface ice

Weather model validation
Polar cap activity

Dust storm mechanism

URL: https://docs.google.com/spreadsheets/d/1YghbiSRZJARf kuEHazLJbTpBPPLzAM7yKQvn vKMvo/edit?gid=1197910431#qid=1197910431

Scenario

Hot

Hot

Hot/Cold

Hot/Cold

Hot/Cold

Cold

Cold

Cold

Cold

Methods Landing sites
Elysium Mons &
Mag_netometer/S Plain (Active
eismometer .
volcano region)
Elysium Mons &
Magnetometer/S . .
eismometer Plain (Actn_/e
volcano region)
Southern
i ?
Magnetometer Highland? (Strong

magnetic field
region)

Martian dichotomy
& Southern
Highlainds

Seismometer

Visible camera?
In-situ analysis
(how?)

Central Elysium
Planitia (rootless
cone fields)

Northern mid-high

In-situ analysis it de & northern

?

(how?) pole
Weather Sites with no
package observations so far
Weather Polar cap
package
Weather Northern middle

package latitude

Minimum #
of landers

If # of landers increases... Remarks References, etc.

Within several hundred km. It is
less desirable for the geologic
structure to change significantly.

Within several hundred km. It is
less desirable for the geologic
structure to change significantly.

Increasing the observation
points leads to a detailed
understanding of the
present and ancient Mars
magnetic field system.

Possible in strong locations
below 45 degrees latitude.

If one point of observation is in
the Northern Hemisphere and the
other in the Southern
Hemisphere, it leads to great
science.

Exploration of the shallow
subsurface world on Mars
accessing through rootless

Exploration of the
shallow subsurface
world on Mars

If # > 1, plenty of data is
expected based on surveys

in several RC fields. Dense rootles(;oggr?é fields would accessing through
rootless cones
be better.

Requires the soft landing for Step
2.



Summary. & Homework

Summary
* There are merits and demerits for landing sites in both hot and cool scenarios.

* We need to be worried about the number of landers because we need to take four
landers including the redundancy if we want to make observations by three landers.

* We need ongoing discussions.

Homework

* Create the “list of won-and-lost records” of one lander and three landers in each of the
hot and cool scenarios based on the splinter discussion.

« We will try to make it by the end of September.



Moon session splinter meeting
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Name

Title

Keywords

Invitel

Takayuki Ishida

Smart Lander for Investigating Moon

SLIM, Engineering

(JAXA/ISAS) (SLIM): How we achieved pinpoint landing
| Yusuke Nakauchi MBC or-1board SLI.M:‘New Functions and SLIM, Science
Invite2 Rit iean Uni Operational Reality in the era of the Lunar b ‘i
(Ritsumeikan Univ.) Landing Exploration observation
| Hiroshi Nagaoka Science aimed at through sample r‘eturn
Invite3 _ ) , from the Moon and sample analysis Sample return
(Ritsumeikan Univ.)
strategy
Satoshi Kurita Plasma and electrostatic environments
Invite4 surrounding the Moon and their Plasma

(Kyoto Univ.)

exploration




Ishida

v landing Shioli crater, with landing site selection by using LRO data (0.9 m/pixel) and Chadrayaan-2
data (0.27m/pixel) >ZER] D fEHE[EEE D 7=

v' Vision-based Navigation search landing site with the crater positions
—HEREBRESICL 2 EEMSTET

vV BE@OMTOHTEREIZI~4m, (BEIICIZ~60mEENT-& = A& support by LROC)

v &I 3 ERD

NEFEE~DFEHICOWNT

v' Difficult to detect enough landmarks at lunar polar

v KETTEZDOH? ((hA) —Mars2020 Tl TE T3, KERE

vV KETEENSCOVWDBELNMKED? (FA) —100m< 5 WSLIM EREE (BR)
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Nakauchi

v Y LAY UARDESR

vV ZOSEAERTIEY TILEZA LTFHRERSERDSEIY 5 5D Tlesson&lLearnzigEAh B TULL
CENEE (hoREELDBEREEZ)

v I7—0OBE., AutofocusE BEITEIIL7-. TNIFSEDH AT THRLELEE

v Two types of rocks were identified mafic-poor and mafic-rich with combined 10 band images.

V RT7XZ—DOREDEEIEHDDON? (=ZF)
S X T RAZX—=PRWFEBIZEDN 0D LBN/IBITTOER., LT XHFE->THL
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Nagaoka

v

ANANIAN

v JAXA FS/FLOBSEATH Y TV Z—v I w3 VIMEAERET L TE 7=,
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Kurﬂa

ASRNRN

<\

AENDIRE, Feasibility of exploring of plasma environment around the Moon
Lunar Surface Charging: Global View caused by the interaction between plasma and lunar surface
Charging of dust grains on the lunar surface
> BARETHIZoDHAHEIEER, KmEEHEMFETEDLYFELDN ?
Surface charging : scale dependence?
—Global Scale (FE[E]) , topography scale (7%) , microscale (LI R)
Development of portable radiation & plasma detector

v The roadmap for search on the surface charging

<]

— Gateway and Cubesat firstly
BEEMRENCSVWDOREX), EFDOLIICLTES (#E?)
—lander, OTVO#s, % S8
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Topics

m L-class

¢ MMX (2026-2031), NGSR (2030s-2040s)
m M-class

¢ DESTINY+ (2025-), new mission (flyby and/or smallsat)?
m International

¢ Hera, Comet Interceptor



OUtpUt from this splinter (Fukai et al. (2023) Yuseijin (in Japanese))

ien . . . . 2) Engineering: q
SISO Potential targets (1) Science: Key information (2) Eng eerng (3) Exploration methods Analogs
goals Key techniques
sample return
C-tvpe asteroids chemical composition (organics, volatiles) terran-relative navigation (Hayabusa2, O-REXx) Carbonaceous chondrites
. “yp : isotopic composition (organics, volatiles) -relative navigatl rendezvous (-) (biased)
Delivery of flyby (DESTINY+)
olatiles to the| YOV e ret
Earth chemical composition (organics, volatiles) sample return

Comets

isotopic composition (organics,
volatiles)

cryogenic SRC
outer exploration

(Stardust, CAESAR)
rendezvous (Rosetta, NGSR)
flyby (Comet Interceptor)

IDPs (biased)

(goal: Jupiter, Trojans)
Trojan asteroids

isotopic composition (organics)
mineralogy

outer exploration

sample return (-)
rendezvous (-)

flyby (Lucy)

Formation of
planetary
bodies

(goal: terrestrial planets)
E-type asteroids

isotopic composition (refractories)
chemical composition (refractories)

sample return (-)
meteoritics (enstatite chondrites)

Enstatite chondrites

(goal: planetesimals)
Comets, D-type asteroids

mechanical properties, global shape
isotopic composition

outer exploration

sample return (NGSR, MMX)
rendezvous (Rosetta)
flyby (Comet Interceptor)

IDPs (biased, small-scale)

Evolution of
planetary
bodies

(goal: differentiation of
planetesimals)
M-type asteroids

chronology
magnetic property

sample return (-)
rendezvous (Psyche)
meteoritics (iron meteorites)

Iron meteorites

Evolution of
biomolecules

C/P/D type asteroids

chemical composition (organics)
isotopic composition (organics)

cryogenic SRC
outer exploration

sample return
(Hayabusa2, O-REx, MMX)
rendezvous (Rosetta)

Carbonaceous chondrites
(possibly biased)
IDPs (biased, small scale)

Origin of Solar|

chemical composition (refractories)

System Comets isotopic composition (refractories) outer exploration sample return (NGSR) IDPs (biased, small-scale)
terran-relative navigation rendezvous
Planetary mechanical property ’ (Hayabusa2#, Hera, O-REX)
defense NEA (<100 m) non-gravitational effects super small body exploration flyby (Hayabusa2#, DART)

BIBIENERDAR

ground-based observation




Vision: Solar System eXploration (Curation)

2020 2025 2030 2040
Primitive bodies exploration

Samples Tagish Lake? Comet

- Hayabusa2 NGSR (2040s)

Comet
OSIRIS-REx - M. CAESAR
(JAXA sample) AXA sample)

Tagish Lake CR

Techniques ) Non-destructive curation

Environmental monitoring: | Sample processing ,

Remote-sensing
DESTINY+ |y




Recent update/Today’s talk (science)

Space Telescopes
Gaia DRS: visible spectra of >60,000 solar system objects
JWST: new era for NIR-MIR spectroscopy!
High wavelength resolution, High sensitivity
TNO, primitive asteroids (Mario’s talk)

There are more distinct reservoirs than we thought...? (CO2
snowline, ammonia snowline, etc.)

Transition between TNOs, Centaurs, asteroids, and comets.

Upcoming...

SPHEREX (2025 Launch): NIR

Twinkle (2025 Launch): VIS-NIR

Roman Space Telescope (2027 Launch): VIS-NIR

ARIEL (2029 Launch): VIS-NIR

LAPYUTA (early 2030s): FUV

NUV wavelength is missing...



Recent update/Today’s talk (science)

Planetary Defense misisons
Hayabusa2# to 1998KY26
OSIRIS-APEX to Apophis
Hera to Didymos after DART impact

Launch on this October!
RAMSES to Apophis

Next Generation Sample Return (NGSR) mission
Comet sample return mission

First proposal was submitted on July (be not the
selection at this moment).

Final proposal will be submitted in 2027.

©ESA/Science Office




Recent updates / Today’s talk (Engineering)

LICIACube Lucy
(14 kg, 7 km/s) (1.5ton, 4.5 km/s)

When pursuing low-cost missions, they would take
the forms of either flyby and/or smallsat missions
(though not limited to these options).

Past/Ongoing missions
DART-LICIACube, HERA
Flyby ejecta plume observations

Lucy (Dinkinesh flyby) Dotto et al., 2024
High-resolution imaging (2.2 m/px) DCAM3
Hayabusa2-DCAMS3 (0.58 kg, <1 m/s)

P rra]

Optical-only orbit and att. determination

Future missions
Hayabusa2# (2001 CC21 flyby)
NGSR
DESTINY+
Deep space constellation

Arakawaet al. 2020 0 Kikuchi et al., 2024



Science Today’s talk

Space Telescopes
Gaia DRS: visible spectra of >60,000 solar system objects
JWST: new era for NIR-MIR spectroscopy!
High wavelength resolution, High sensitivity
TNO, primitive asteroids (Mario’s talk)

There are more distinct reservoirs than we thought...? (CO2
snowline, ammonia snowline, etc.)

Transition between TNOs, Centaurs, asteroids, and comets.

Upcoming...

SPHEREX (2025 Launch): NIR

Twinkle (2025 Launch): VIS-NIR

Roman Space Telescope (2027 Launch): VIS-NIR

ARIEL (2029 Launch): VIS-NIR

LAPYUTA (early 2030s): FUV

NUV wavelength is missing...



Summary

Even though space telescopes provide rich scientific data, direct exploration is
essential for determining the physical parameters of small bodies, such as
thermophysical characteristics and densities/porosities.

By leveraging recent flyby and smallsat technologies (e.g., Hayabusa2#,
DESTINY+, DART-LICIACube, Lucy), even M-class missions can accomplish
advanced tasks.

Rendezvous and even sample return could be achieved with cutting-edge
technologies, such as solar electric propulsion for the outer Solar System and

solid-motor sampling probes for massive targets.
Higher fuel costs limit payload capacity and observation data, making it crucial
to select a mission type that aligns with scientific objectives.



ISAS PEWS 2024 - Venus splinter

Splinter leads: H. Sagawa, Y. Kawabata, M. Imai, T. Kouyama,
K. Odagiri, H. Ando, Y. Harada, G. Murakami



Discussions on the past Venus splinter

2022 Venus Exploration Research Group in JAXA/ISAS
« 2022 ISAS/PEWS  Creating a Science Road-Map for future Venus explorations
« 2023 ISAS/PEWS  Strategy for proposing a new mission (Step-1) in 2030’s.
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2024 ISAS/PEWS  Focusing on “CROVA” mission concept



Three invited talks

« Dr. Takeshi Imamura (U. Tokyo)  Exploration of planetary atmospheres with satellite-to-satellite radio occultation missions
- Radio occultation technique for Venus = Unique & powerful tool to study inside the thick cloud layer and above.
lonosphere can also be sounded. CROVA (satellite-to-satellite cross-link radio occultation) = 1 chief sat. & 2 deputy sat. increase the
measurement sampling density drastically. Also improve the data assimilation quality.
- Can be applied to other planetary atmospheres, such as Mars. For Mars, only the day/night terminator is observable from the ground,
but with sat-to-sat system full global mapping can be achieved. Surface pressure map can be obtained.
- ESA’s M-class M-Matisse will employ sat-to-sat radio occultations but with L-band which is less sensitive to the lower atmosphere.

« Mr. Michinari Kake (U. Tokyo)  Mission design for Mars atmospheric observation using inter-satellite radio occultation
- Detailed mission design of a sat.-to-sat. radio occultations for Mars atmosphere. 1 chief sat. & 1 deputy sat. can fit with a small sat. concept.
In terms of mass, power, etc., a practically feasible result is obtained.
- Orbit is optimized by examining the number of the measurement points and the delta-V cost. The chief sat. carries a Hall thruster for orbit
control. Achievable accuracy for the orbit determination is currently under study.
- Mission data downlink to the ground is also examined.

« Dr. Norihiko Sugimoto (Keio U.) etal.  Observing system simulation experiment (OSSE) for the cross-link radio occultation
measurements of the Venus atmosphere (CROVA)
- Numerical models for Venus atmosphere (AFES-Venus) and its data assimilation system (ALEDAS-V) are producing successful results
recently. Satellite measurements as eyes, and GCMs as brain to understand the planetary atmospheres.
- First challenge of data assimilation to Venus atmosphere. Data assimilation studies can improve the model parameters in GCMs and also
quantitatively evaluate the scientific performance of new mission measurements (OSSE).
- OSSE is quite straightforward approach to optimize the mission design. Scientific significance of the CROVA's multiple sat.-to-sat. radio
occultations are demonstrated.



Summary of Venus splinter 2024

« Orbit Determination Accuracy for daughter (deputy) satellites (cannot communicate directly w/Earth)
- OD via radio communication between chief sat. and deputy sat. = Putting all satellites into the same orbital plane has an
advantage in reducing delta-V, but cannot achieve sufficient good OD accuracy.
- From scienctific requirement, ODA of ~1 km is needed. = Putting at least
1 sat. into a different orbital plane is needed.
- Additional optical observation/navigation approach is under considered.
Use of StarTracker (STT) camera.
- “OD of deputy sat. via using a chief sat.” should be a common technology
needed for future multiple small satellite explorations.

Same orbital plane Different orbital plane

by Kawabata-san et al.

Residual
Error from covariance
(1o)

« Application of radio occultation technique to other planets. .

- VVenus or Mars — which is technically more feasible? = Thermal condition Qrbit

is largely different. Currently each of Venus (CROVA) & Mars (Kake-san’s talk) are not optimized in terms of ease of implementation.
- From scientific point of view, Venus seems more interesting as uniqueness of measuring inside the cloud.

- Although challenging, future exploration of Titan's atmosphere is also a possibility.

- For the data assimilation, duration of the observation (mission life time) is also a key factor.

Position error [km]

 Connecting CROVA with other Venus explorations

- CROVA provides T(z) = a fundamental physical parameter in planetary atmosphere. Can contribute to interpretation of other
Venus exploration data set.

- Mission proposals should not be limited to JAXA’s frame work, but should also consider NASA's SIMPLEX and others.



Summary of Outer Planets Splinter

Discussion in PEWS2024

Leads: Shuya Tan, Shotaro Sakai, Yuki Takao, Yuki Kubo, Ryoichi Koga



Summary of Outer Planets Splinter Discussion in PEWS2024

Goals: Discussion for scientific significance (especially, in terms of SGEPPS)
& possible achievements in case-by-case & depending on targets
for current & future RG for explorations

Summary

of Invited Talks

 Dr. Saito

Smal
Less t

* Dr. Suga

sat as potential hardware serving for International missions
hermal leakage, & simultaneous multi-point observations

Ndld

MULTUM-Sp (small size high-precision mass spectrometer)
Precise isotopic analysis for small molecules & organic molecules

 Dr. Takao

lon Engine + Solar Array Propulsion for deep space explorations
Rendez-vous mission to Main belt asteroids, Trojans, Centaurs, Irregular moons

» Japan Unigueness & Strengths



Summary of Outer Planets Splinter Discussion in PEWS2024

Scientific Significance
Variety on each planetary system
* Jupiter System:
Strong radiation, moon-magnetosphere / moon-to-moon interactions
* Uranus System:
Helical magnetosphere (difference between rotational and magnetic
axes)
Radiation to moons; Similarity with Saturation System

® What is remained after situation after large international missions?
(JUICE, Europa Clipper, Uranus Orbiter & Probe, Enceladus NF)



Summary of Outer Planets Splinter Discussion in PEWS2024

Japan Uniqueness & Strengths, and Capability, What can be achieved?
Key 1: Altitude from targets
e.g., MULTUM: Capable for relatively dense gaseous targets
Electromagnetic observations: Close distance is better for
structural analysis
Key 2: Distance from Earth
e.g., Size of solar sail become too large at far distance
Heat tolerance varying for trajectory
(repeating hot & cold environments)
Solar power limits ~ Power limits for instruments
~ Measurement ability limits
Key 3: Propulsion system; Feasibility depending on propulsion types
(electric or chemical propulsion)




Summary of Outer Planets Splinter Discussion in PEWS2024

Topics toward Next (Future) Discussion
» Traceability matrix for scientific topics in post-large missions

(JUICE, Clipper, Uranus O&P)
» Upper limit cases of scientific requests

(Landing? Sample Return?)
» Scientific requests as parameter settings

(Target, altitude, velocity of flyby, payload)
» Appropriate propulsion systems for requests

(electric or chemical)




Engineering special session on
Deep Space Orbit Transfer Vehicle
(DSOTV)

Engineering session SOCs



Standardizability/Extensibility

DSOTV aims world’s first
pioneer in this domain
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Q1. What is the NEEDs for OTV? Q2. How do we grow the SEEDs of current OTV?



Special session on Deep Space Orbit Transfer Vehicle (DSOTV)

e 9:35-10:35 Invited talks “Introductions to DSOTV”

o 9:35- Overview of Deep Space Orbit Transfer Vehicle, Yuichi Tsuda
o 10:09- Transportation Capacity of Deep-Space Orbital Transfer Vehicles, Yuki Takao

e 10:50-11:50 Short talks “Examples of potential applications”
o 10:52- Small bodies, 11:04-Mars, 11:18 Outer planets, Venus, Saturn

e 11:50-12:00 Introduction to the workshop afternoon
- Lunch break -
e 13:00-14:30 Workshop 1 (On-site only)

o  What value do we aspire to create in future missions, and how can OTV contribute to this?

o 14:45-16:15 Workshop 2 (On-site only)

o How can we leverage Deep Space OTV in potential future missions?

e 16:30-17:45 Summary of whole workshop, closing remarks (Hybrid)



Workshop on Deep Space
Orbital Transfer Vehicle

DSOTV)

Yuto Takei, Yuki Kubo, Yuki Takao, Yusuke OKi

Planetary Exploration Workshop 2024 Day3 (2024/09/04)
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Purpose of this workshop

o OTVODRIREZ—#EIZEZ B,

Think together about the possibilities of OTV.

o [EFI IHH=RZTDLD,

Provide opportunities for “divergent thinking”.

o ERERBERRAIOTVEIZAET

Build and strengthen lateral relationship in the planetary exploration
community through “OTV”.

U1 Planetary Exploration Workshop 2024 Day3 (2024/09/04)



1.

2.

3.

4.

Agenda

Intro + Ice break (15min)
v What’s your OOQO “Exploration”?

Future Values Workshop (80min)

v’ In future missions, what value do we aspire to create?
v How can OTV contribute to them?

~Coffee Break (15min)~

Forecast Workshop (80min)

v How can we leverage 2t-class DSOTV in future missions?

Wrap up (5min)

Planetary Exploration Workshop 2024 Day3(2024/09/04)
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#Hayabusa2
#System
#OTVer

Introduction of Workshop Leads

Yuki Yuki
Kubo Takao

#OPENS #NGSR #MMX
#GNC #System #System
#OTVer #OTVer #OTVer

Planetary Exploration Workshop 2024 Day3 (2024/09/04)
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Ground Rules

1. FT X" H{BE,

“Empathy” is the first step.

HODEZLERFOBRMHTEELTE,
HFEOILIBITHE->TIESWSHIR - MER COLEERBHTE-DE55]
EOHBHITREMRLELLS !

2. FMS DOREETEEERE LELLD,

Be active even when the topic is outside your area of expertise!

BN OBETIREICEYLSETY M, IMEFELTERROFMCERZSIZHT )
EELGERMNBOTVET . 7OT4TEMEFELTRABLELLS !

3. ED—AEITAETOTEH, 2RFALCEREESHLIIC,
Make sure that everyone can speak the same amount, not just one person.

SEVHAEEL T, 2RAMNRICEABEEHLSIC, TBRICRLDITELELS !

Planetary Exploration Workshop 2024 Day3 (2024/09/04)
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What’s your OOC) “Exploration”?

N—TATOECBNIALTT,

Time for self-introductions within the group.

1. FEREIEEER 19 BRTERLLET

Each person has 1 minute for self-intro.

2. 9OIC TEZA+FRIRI ZHBLTTIY,

Please share your “name + affiliation” first.

3. 890 TOOK “B&E”] IT2LWTYTPLTTELY,
Please share your OOQ “Exploration”.
e.g., FEHRE, BAEDIRE. KML-FE

Favorite exploration, recent exploration, failed exploration

©  Planetary Exploration Workshop 2024 Day3 (2024/09/04)



Group Work 1: Value

Future Values Workshop/

Creation Identification
1. OUTCOMES 2. OUTPUTS 3. ENABLERS
BANSERELS. FEORE  TOMEICRMND TOREDD %%
BRENEAHT MEAME] &7 [RED] X2 FEI X2

BvOlLVf=Cé% Postlt [ZHEHLTHES !

Write down what comes to your mind in Post It!

TEBRY., I={CABZHTS ! P il BREFE : 15min
A IR—DBNOEFIZEFELELS ! '

Write down as many ideas as you can! Join . <
in on other members' ideas! 1 3 . 35 i f

SOEEMA. RHFM. BNER! | ,,-
E(Eﬁd)ﬁﬁ‘é‘fi(’cvr‘y’r— 1) M e e .

Planetary Exploration Workshop 2024 Day3 (2024/09/04)
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Group Work 2: OTV as ENABLER Future Values Workshop/

D k3¥FEMDNature NewsSRErTEF—LTEZELS ! Conceptuation
FETEDLAS | BED EChIzed [OTV] OXFEANELLS,

Let’s create the Nature News articles of the future!
Be sure to include the word “OTV” somewhere in your article.

@ J I —TTFEEaV T E — DB U, Google SlidesDI74+—IVhANEELEK
Yo F—T—FETBNTIC ! (HEHHEE, 5~7D)

Choose one of your group's favorite and write it up in Google Slides format.

jommmmmnee TEMPLATE +-=-=-=-~~ v ---- HIBREFA: 35 40min - \

14:20FL T

_________________________________________________________________________

~
-

<Title>
<Picture>

- e = —
——— " —————— =

- e e —
A Y
e
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Group Work 3: Leverage DSOTV

Forecast Workshop/
Conceptuation

@ [2t-class DSOTV] #{#>7=, CML1-2 D3y ararvtrh%.
TN—TT—D REL. BEOHFITRYZRDELS,
Google Slides74—IYr LDTUTL—FEEOH K5,

Let's set up one CML1-2 mission concept using “2t-class DSOTV” as a group and deepen it as
much as time permits, filling in the template on Google Slides format.

.-~ FIPBEFR: 40min -

4 \

15:55F T

______________________________
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