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Luna%r and Planetary chronological missions based on the in-situ geochronology instru
ments
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Sample return from the lunar farside highland proposed for the future lunar exploration
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MELOS1 Mars Landing Exploration Plan
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Exploration of Trojan asteroids and observations of cosmic infrared background radiatior

by a solar power sail mission
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Proposed mission to asteroid Phaethon
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A space exploration for Enceladus’ plumes: importance of sample return and in-situ mas
spectrometry
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Here we propose a sample-return mission of water-rich plumes erupting from warm fractures near the south pole of Enceladu
During collection of plume samples, the spacecraft will conduct in-situ gas analyses with a high-resolution multi-turn time of
flight mass spectrometer. The mass spectrometry would provide the abundances and isotopic compositions of major gas spec
included in the plumes. These observational data would allow us to discuss the temperature and isotopic heterogeneity of pr
mordial volatiles in the Saturn-forming region of the protoplanetary disk, geochemical processes occurred in Enceladus’ ocear
and possible metabolic reactions and energy for chemithoautotrophy. Once the plume samples are returned safely in 2030
microscopic analyses for returned samples will be conducted, including synchrotron X-ray analyses, chemical and mineralogice
analyses with a nano-SIMS, and calorimetry with radioactive isotopic tracers. In order to achieve both sufficiently high encoun-
tering velocity for TOF spectroscopy and low velocity for intact capture of the plume particles, the spacecraft needs to either
orbit Saturn and fly-by Enceladus or orbit the satellite itself and still is able to return to the earth after the rendezvous phase.
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What does it mean to participate in the JUICE mission?
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Boosted by the discovery of exo-planets, the habitabililty issue is becoming more and more of an central issue in planetar
science. An icy moon with a sub-surface ocean is a focal point of discussion in this line. In May 2012, ESA selected JUICE as
its L-class mission to be launched in 2022. The main target of the JUICE mission is Ganymede, an icy moon that orbits aroun
Jupiter.

The AO for the intruments to be onboard the JUICE mission was issued in July 2012. At the time of writing, the results of the
AQ is yet to be released in Febuary 2013. There are several groups from Japan that are playing roles in the proposal teams led
European-Pls. When (any of) these teams win, that is the time that the door for the outer-solar system exploration is opened fi
Japanese planetary science community. Furthermore, it is the first mission ever to orbit around an icy moon and it goes withot
saying that JUICE is a world-class mission.

What does this opportunity means for the Japanese community? In parallel to this participation to the world-class internationa
collaboration project, what others should be planned and executed by the community? It is designed that this talk will trigger
such a discussion.
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Moon Landing Mission SELENE-2
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Future earth and planetary explorations envisioned in the SGEPSS subgroup on futur

explorations

0000 ™ SGEPSSI0D0O000D0O0OOODO?
Naoki Terad*, the SGEPSS subgroup on future exploratfons

l00000O0000000,20000000000000
IGraduate School of Science, Tohoku Universi§ociety of Geomagnetism and Earth, Planetary and Space Sciences

0000000000000 (SGEPSSY 000000000 OODOODODOOD 1000000000000 0O0O2011
01ngoooooooooobobogoobooobooooobboobooobboooobooboooobooooboboobooo
oooooo0ooooo0oooooOo0ooo0oooo0OooDOoOoOooDOOoOoODO sGEPSIOODOOOOO
OoooDbpbz20120 sO00000000O0OOO00O0DOO0O0OODOOOOODOODOOOOODOOOODOOOODOO
O0oo0oo0oooooooooooo0ooooobo0o00oooobooOobo0oOono 20130 100000000000 DbODOD
0000000000000 0000000000O0000O0OSGEPSEI 0 0OODOOOOOOODODOOOOOOOO
gooooboboooobooboooooboooooon

00000:000000,0000000000000000
Keywords: Earth and planetary exploration, SGEPSS subgroup

1/1



Japan Geoscience Union Meeting 2013 ~ | ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E’;Eélﬂime

Union

PPS22-10 0 0:103 00:50 220 17:15-17:30

dooodooogogdoodn
Lunar and Planetary Science Consortium Plan

oo ot
Kiyoshi Kuramotd*

lDpoooOoO
! Japanese Soc. Planet. Sci.

vtboooooboobooboboboboobooooooooooooboboboboboboobooOoboOobooobooon
gooooooooobobobooooboooooooboboboboooboooDoDob0obobobobooboooDbOoo
ooboooboooboooooboboooooobooooooboooooboboooooobooOobooooooobooobooon
obooooooooooboboboooboooooooboobooooooooboobOoboobobooooooonoa
gboboobOobooooboobooooobooooboobooboooboOobooon

gooooooooboboobooooooboboboooooooboboboooboooDobDobobobobooo
goooooobooboboooboooooobobobooobooooooboboboboobooboobobobooobooon
obooooooobOoboboobooooobooboboooooooOooboobooboobooooooobooobooooon
oobooboooboobooboooboobooboobooooooooooobooobooooOobooooboooon
gbooobobooboobooooboobooooboboooboo

gooooooooobobooooboooooooobooooooooobooooboboboboboobobooooo
obooooooobooboboboooooooobooboobobobooooboobobOoboboboooboooooDoDo
obooooooobOoboboboboooooooooboboooooobOOobOoboooboooooooooobooonoo
booooooobobobooooooobooboboooooooobobobooooooobooboboboooon
000000000 00000000 JAXA/lsASOOOOO0O0DOO0O0oOo0ooooooooooooooooooo
oooooobooog

oboooooooOoobobobobooooooobooboobobooooooooobooboboooooooon
gbooobobooobooboooobooboooooono

gogoobo:oboog,obobob,oo,bog
Keywords: lunar and planetary exploration mission, infrastructure, organization, cooperation

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]‘“P“ .

Geoscience
Union

PPS22-11 0 0:103 00:50 220 17:30-17:45

000000001000 00000000 _ _
Next decade initiatives for lunar planetary explorations: The third stage
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Development of an in-situ K-Ar dating instrument

0000 ™ 000032%00003000040000°%0000¢%%00007%,0007%000070000
oooofoo0oofoo0oo0fooo0od

Yuichiro Cho*, Yayoi N. Miura?, Tomokatsu Morotd Shingo Kamedg Kazuo Yoshioka, Ryuji Okazakf, Noriyuki Namiki,
Ko Ishibashf, Sohsuke Ohnlg Masanori Kobayashj Tomoko Araf, Hiroki Sensh, Koji Wada , Seiji Sugit&

0000000000 O0O00O00O000,?2000000000,300000,40000,°0000000000 0
00o0o000,°0000,7000000 0000000000,80000 0000000000 0000000

!Dept. Earth & Planetary Science, Univ. Toky&arthquake Research Institute, Univ. Tokyiagoya University!Rikkyo Uni-
versity,’ISAS/JAXA, Kyushu University! PERC, Chiba Institute of TechnologiDept. Complexity Science and Engineering,
Univ. Tokyo

We have been developing an in-situ dating method based on the K-Ar system for future planetary landing missions. The K-

Ar dating method employs radiometric decay of 40K into 40Ar with half-life of 1.25 Gyr [Steiger & Jager, 1977]. Our system
measures K and Ar with two techniques at the same laser irradiation spot on a sample: laser-induced breakdown spectrosco
(LIBS) and quadrupole mass spectrometry (QMS), respectively (LIBS-QMS system). Potassium and argon are extracted from
sample simultaneously by the laser ablation, in which the sample is vaporized by a series of int2@&/cm2) laser pulses.
We used a Nd:YAG laser with 6 ns of pulse width and 1064 nm of wavelength (Surelite I, Continuum). The laser energy was
set at 100 mJ and the spot diameter was "500 micron. The pulse repetition rate was 2 Hz. We used a small spectrometer with
charge couple device (CCD) (HR 2000+, Ocean Photonics Inc.), to simulate a small and simple spectrometer for the spacecre
missions. The light emission from plasma was collected by a lens and transmitted through an optical fiber to the entrance slit c
the spectrometer. The spectral acquisition time was 1 ms and the shutter was opened before the laser pulses reached the sarnr
time-integrated plasma emission was observed to simulate a non-gated operations on the planetary missions. The intensity of t
K line at 769 nm was normalized by that of the O emission line at 777 nm in order to reduce signal fluctuations.

The gas extracted from the sample was purified with a Ti-Zr getter. The purified Ar gas was trapped on the charcoal traf
cooled by liquid nitrogen. The Ar isotopes, 36Ar, 38Ar and 40Ar, are measured with the quadrupole mass spectrometer. Blan}
mass spectra were also acquired and subtracted from the main data. Finally, the volume of laser ablation pit was measured wi
a laser microscope to obtain the concentration of 40Ar within the pit.

In order to construct a calibration curve for K20, 24 geologic samples with known K20 concentration were measured with
our LIBS system. The calibration line can be fitted by a power law: I=0°P2@.00686, where | and C are the signal intensity
and K20 concentration (wt%). The detection limit and the quantification limit of our LIBS system were 300 ppm and 1 wt%,
respectively. Also the detection limits of 36Ar and 40Ar were measured to be2xHhd 2x10!! [cm3 STP], respectively,
in this study. As a result, if a rover encounters a rock with K20=1 wt%, as Mars Exploration Rover found at Gusev crater, our
instrument is expected to measure K and Ar from a rock sample; i.e., the error in LIBS measurement woR(¥band the
S/N for QMS signals would be sufficient (=200).

Using our instrument, we measured three samples whose K concentrations and ages have been measured previously w
flame photometry and a sector mass spectrometer: a hornblende (K20=1.12 wt%, 1.75 Ga), a biotite (K20=8.44 wt%, 1.79 Ga
and a plagioclase (K20=1.42 wt%, 1.77 Ga) [Nagao, unpublished data]. We obtained the model ages of 2.1+/-0.3, 1.8+/-0.2, an
2.0+/-0.3 Ga, respectively.

Since the three samples have similar ages and different K concentrations, we should be able to construct a "virtual” isochrol
by plotting the concentrations of K and 404Ay. The slope of the isochron simulated with our experimental data yields 1.34
Ga of age. The data with known values yields 1.79 Ga. Such underestimation probably results from both overestimation for K
and underestimation for 40Ar in the biotite data, which have large weight for the regression. Nevertheless, a positive correlatior
between [K] and [40Ar,4] is obvious. Although further improvement in the accuracy of our measurements is necessary, the data
obtained in this study demonstrate that our LIBS-QMS method can reproduce the trend essential for quantitative isochron-base
age measurements.
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Elemental analyzer for landed lunar and planetary explorations: Laser-induced breakdow

spectrometer (LIBS)
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Investigation of Martian surface and internal structure by multiple penetrator probes
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Fluorescent microscopy for searching extraterrestrial life
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Fluorescent microscopy is a method to detect localized biosignatusés and a potentially powerful tool to detect extrater-
restrial life. It is highly sensitive and will provide clear evidence for extraterrestrial life as images. Stained objects are observec
with an epifluorescence microscope with a resolution of 1 micrometer. Many types of fluorescent dyes are commercially avail-
able and used in various biological studies. In this study, fluorescent dyes were selected based on the basic characteristics of li
genetic information, metabolism, and discrimination of self from non-self. Each characteristic was detected using a different type
of fluorescent dye that was specific for nucleic acids, enzymes, or cytoplasmic membranes. The range of detectable molecules
the selected dyes was investigated with various samples: cultured bacteria, miniature cells which were deficient in DNA, proteins
protenoids, PAH, and Martian soil simulants. The optimum combination of dyes that had the potential to distinguish biological
objects from non-biological compounds and useful to search extraterrestrial life especially on Mars will be discussed.
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Scientific goals for sample-return mission from 107P/Wilson-Harrington
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We propose Sample Return mission from 107P/Wilson-Harrington. The target object is a near-Earth dormant comet that po
tentially preserve pristine minerals, ice, and organics in the early solar system, which may not be intact in target asteroids fo
Hayabusa-2, Osiris-REx, and MarcoPolo-R. Samples from 107P/Wilson-Harrington will contribute significantly to our under-
standing of the evolution of the early solar system.
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