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Abstract

Origins of planetary systems and life are common goals among astronomers, biologists and planetary scientists.
In the context of planetary exploration, astrobiology can be defined an interdisciplinary subject which answers fp, ne
and fl parameters for the Drake-Sagan equation. The new concept of habitable zones also demands better understanding
of primitive bodies of the solar system while “cosmic dust” is one of the key components that relates all the
evolutionary stages (from the birth to the death) of the planetary systems and terrestrial life, for both the panspermina
theory and the Urey-Miller paradigm. In particular, it is essential for us to properly conduct optical and spectroscopic
observations of meteor showers such as the Leonid MAC and in-situ measurement and sample return missions to minor
bodies such as MUSES-C, in order to connect between ground observation data of asteroids and comets and analytical
data of cosmic dust and meteorite samples. For the latter, organic and prebiotic material analyses are important for both
scientific outputs and space quarantine issues. Thus the primitive body exploration program should seek more
collaboration with the astrobioloy community not only within the current program but also for new missions in the
coming decade.
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hE TEE v X7 )Y — 2 « CHZ(Circumstellar
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R NEIE e B AR ORB R IR 02 55
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BIEREORERE ) | Ta— L ROEL
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R R EDHEFUENREENLINDLTH D,

Fig. 1.Concept of circumstellar and galactic habitable zones
proposed by the “Rare Earth Hypothesis”. (Courtesy: Scientific
American) [3]
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DIINREBFIE L TWD  (Fig. 3). FRIZKER DS
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KGR EMOPMN TE R ERTDI2IE, XY
FORE L A & 2 2R /hRE | EKBOZ2 &
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Do

Fig. 2.Star birth, disk formation and death of old stars within
one image by the Hubble space telescope. (Courtesy:
NASA/STScI)
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Fig. 3.Idea of the current state of the solar system. (Modified
from D. Yeomans (JPL))
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T DOZEOEFHUIRERAE b B Sz, 1980FERIZ A LA I TN D,
10-135 @ B eta Meteoroids
@ LEO
10-1 @, Stratosphere / LEO Captured
., Polar Ice /LEO Micrometeomids
106 "+, DeepSea sediment / Typical Meteors
£ i Typical
304 . Recovered
Wl Meteorites
E Samll Comets by L. Frank =] .,
106 USAF Air Bursts '®.,,
Prime Tragets of NEO 4 Tunguska / Arizona Meteoi @,
1014 Detection by Spacegmnﬁ Craterapmcte (AL 10 m), -~ S
Chicxlub Impact {10 kni}"

10

10

5

10 i 10-3

10

Cumulative impact frequency / number per year

Fig. 4. Extraterrestrial material influx to the Earth
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BRICHTZE LTz & SITKRRAM O —EHR bbb S
72 & T HEMMBRE S N72[7], & Z A3 Chyba & Sagan
HlE. EXREREPHERICRIT £IX0 I2E5ET 5 &
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BHar RI7A4 MIEITWEHOREZN[9], S5
Murchison [ 7 CIXHEER AL AR [ AR 12 L AR FIE M T
RBPEDELY B8R L EBML TSI L, K
B RFEAELRNCIER SN T2EMYWE (¥4 v
K%&&de) ) . AllendefE A H 2% R & 7= (Fig.
6)[10], F72. AA UL MNBIE DOIME L 0 TR
L7LEZ D, 20006E1L I F A DX —F v
= 1] E 78 THEFE U= Tagish LakefEA O I2iE, A
BN EENLEEN TV B@HORFELE 2
K74 ME2%ITE) (Fig. D[11],

Fig. 5. Nuclei of comet Halley imaged by Giotto spacecraft.
(Courtesy: ESA) [6]

Fig. 7. Tagish Lake meteorite. [11]

19984E 121, KETHF I AMETT v I THE MR
HE .- EINEHE2RIA4 N (BFF v,
JREA) BED L BEAEROTICHTIAD LT
DA DK 3R S - (Fig. 8)[12], ZAuiE. i
FEA DR RIRTH 5 /R OIS 911000 7 1% &
Wi, BRI, BT R OK] 237
FELIZZ EERBEL TS, £ LT0014EIZEHD
DI N—T71F, MBIZEFE LI - SRR D
DHNAET g v AT A&EH-> T, 5 H4100m
DT A~ F 7T AL H RO D LNAGD L
LB R O 53 B 2170 AR & bl s
KR (OH) %, A THIO THAE LIZ(Fig. 9)13],
ORI, WHROKRLEE, P, £ LT Tdm
ABRE | & LCoT X /e & s H-FEO A%
Wix, 4 CTHLFHEMMOHIRKRmCLZLENRT
V5 (Fig. 10),

Fig. 8. Extraterrestrial liquid water in halite found inside the
Monahan HS5 ordinary chondrite. (Courtesy: M. Zolensky
(NASA/ISC)) [12]

4

Sinus ;
Fig. 9. Visible-UV spectroscopy of the Leonid fireball in 2001
imaged at the Subaru site, Mauna Kea, Hawai’l. (Courtesy: S.
Abe, H. Yano, et al.,) [13]
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T LT EET, R RALI TR R A
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BY ., FAaHEKITIZE N ZPES S TEFT (| E
WEWS L FHLWARIE A ATHD,

ZO8%E. AEWITFHEZERCTCED L ICLTT
XA KEE THREIND FHED I
(CP-IDP;  Chondritic

Porous Interplanetary = Dust

Particles)i%, 0.1X 7 v > A — X — DRI 7 T
7 BNV & L CREA L CU D (Fig. 11), Greenberg

Fig. 11. A 10-micron chondritic porous interplanetary dust
particle captured in the stratosphere. (Courtesy: NASA/JSC)
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b)) ALY & SICHBEMR L TO RIS
By TIJBOR I BRRERGFNVTETCNL LE
Z b D (Fig. 12), —FHTld, KERKR]E~ 7~
DUFIZFB DO TV R AAER & U8R (Bhg T K
R) T, MEBRBEOBEEEENEZ DS L RIELV AT
ERME DB S D &0 ) EBRIIFRE L ED b T
V58],

Thousands of
<0.01mm partcles
large molecules

Fig. 12. Greenberg model of the shell structure of cosmic dust
monomer  grains. (Courtesy: M. Greenberg (Leiden
University) )[14]
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SEARBUIINC X DPuERE, EE ORI TD5 .
RIS 72 E, HOPLAENSL —DODIREREZ
ISR 32 2 & TH o 72151, BEANSIL,
CCDH A Z D 1 JifELh b O E % Ff ot {4 /5 1 &
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(HDTV-I) % #5472, Fig. 1313, 19994F (1l thifp
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100km® EJERZUCO > & 0 72 LICHE D R CH 2 E
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I CEENREMDLEIC R DO, KEEH
R DI AL - SRS - RS TR S s
Ba. TUEhOREREIZ L > TE T E T,
HHWVIRIESN D DICHONTTh D, R7-L T,
Bk B A A E AT RITERY)E O] 35 H R R 72
D2 o DVITENNEmIZEE LT DifED & 2 )
O FIAHERERE N o 7002 % 5 Lz A4
ZRTD FHYE) & THEREREE) o&ElnHs

ML DBEBECO, FHAY L REREOEEE DR
{EREEND, RS LUNO—FIE LTIE, 4
BIEBEFEHEAT— g v S THEI NI FHEF
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Fig. 13. The 1999 Leonid meteor strom filmed with the HDTV-
II over the Mediterranean. (Courtesy: NHK, H. Yano (ISAS), A.
Nakanishi (Tenmon Guide))
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BIULHEORMEAROND, 22T, BEEE LY
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Wb,
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MATA BT

Fig. 14. An artist’s impression of a 10-km sized asteroid
impacting on the Earth. (Courtesy: NASA/ARC)
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Fig. 15. Connecting between spectroscopy of minor bodies and analyses of meteorite and cosmic dust samples.
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A

200 VI FHRHEAIEAT A8 72 T AROFHF
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b« RoIRRB O BRAR, FEA - FHHTEERURE & DAHEA,
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DOREI=HA & EHERED H[19],
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B D DOEBERZHEZEAN, OO O & MRFET
% (Fig. 16),

._, r -'". . _— ._ e, 2 3 “
it AMEF 1as R ~ - -M
Fig. 16. An artist’s impression of the MUSES-C spacecraft
descending the asteroid surface for sampling. (Courtesy: A.

Ikeshita, MEF, ISAS)
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Table 1. Space quarantine recommendations for sample return mission from minor bodies by the NRC-USA [25].

1
No special containment and handling warranted beyond
what is needed for scientific purposes

I
Strict containment and handling warranted

la Ib

High degree of confidence Lesser degree of confidence

The Moon Phobos Europa

Io Deimos Ganymede
Dynamically new comets Callisto P-type asteroids

Interplanetary dust particles C-type asteroids

Undifferentiated metamorphosed asteroids
Differentiated asteroids

All other comets

D-type asteroids
Interplanetary dust particles

Interplanetary dust particles
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