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Outline

e Origins of meteoritic organics and origins of life

» Possible formation and alteration of intertstellar
complex amino acid precursors

e Cosmic dusts (IDPs) as carriers of organics to
the Earth

e The Tanpopo Mission: Capture of cosmic dusts
and exposure of organics in space

e Conclusion
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Wide variety of extraterrestrial organics have been
detected.

—Meteorites (Yamato791198)

«— Comets
(Wild 2)

IDPs |

v’ Complex organics
v’ Amino acids
v'Organics seemed to be formed at
low temperature
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Origins of meteoritic amino acids

« Strecker synthesis in parent bodies of meteorites
HCN + RCHO + NH; — NH,CHRCN

H—> amino acids
2

» Fisher-Tropsch-type synthesis in solar nebula
CO + NH; + H,0 — amino acids

A (metal catalysts)
e Alteration of interstellar complex organics
R0 amino acids
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Particles Irradiation of Slmulated Interstellar Media
(Ice / Liquid / Gas)

Protons@Tandem
Accelerator(TIT)—

Heavy ions@HIMAC (NIRS) |

v" Molecular weights: Some
thousands

v" In situ formation of complex
(solid) organics

v" Amino acids were yielded after
hydrolysis

v Nucleic acid bases were formed
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Formation of amino acids from complex organics
(Garakuta molecules)

Garakuta
Molecule
(MW: ca. 1000)

...-CO-CH,-NH-CH=C :
Glycine Hydrolysis
(MW: 75) -COtNH-CH,-CO-NH-C=N-

-CH,-CH,-C(=NH)-O-CO-...
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Heavy ion bombardent of Simulated Interstellar Ices

V = valve
G =gauge

(or other molecules) G 1
o Microleak » | . aS mIXer
valve [ NH, .[13]CH30H‘
\ Vi : - l V2 G2
V2

Gl vi V2
Linked to
the main [ |
chamber va va

‘ H,0 Hus]co: ‘ !

Pumping system (turbo + dry primary)

~
Glass bottle
(gas mixture)
11 e

V1: stop vlve

V2: diaphfegm valve
G1 : primary vacuum absolute gauge, from 1000 to 10 or 10° mbar (baratron)
G2 : secondbry vacuum gauge, until 107 mbar

ams

sline
(Mixtures of H,0, CH,0H,
NHs, CO,, etc.)

Ice layer

~ Substrate (MgF, window)
>4 cooledto 10 K

FT-IR IR

detector

Cryostat@10 K

UV Lamp or
other energetic source

Pressure gauge

KEK Digital Accelerator
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Alteration and Delivery of Organic !ompoun!s o!

Interstellar Origins

Cosmic Rays

Delivery of Organics
-«" - to the Earth

Molecula

» ' F

FMation &

Formation of the olar Cosmic
Solar System

| Asteroids
Proto Solar Nebula (Meteorites)



Alteration of Interstellar Organics (CAW

C-XANES

—=-- CAW 0Jcm?

— CAW 3.9kl cm™

1/1, [amu]

In Protosolar Nebula by Soft X rays

" NewSUBARU, Univ. Hyogo

O Decrease of Hydrophilic C=0
— (E) Amidyl

O Increase of Hydrophobic C=C
— (B) Aryl, vinyl-keto

280 285 290 295 300 = Formation of Insoluble

E [eV]
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Delivery of Organics to Earth:
Meteorites vs. Cosmic Dusts (IDPs)

<-IDPs delivered more
organics to to the Earth than
meteorites and comets

<-IDPs delivered organics
more safely than meteorite
and comets.

<-IDPs are directly exposed
to solar / cosmic radiation.

< IDPs are easily
contaminated from
terrestrial biosphere.
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UV Irradiation of Amino Acids & Their Precursors

Xe-excimer lamp (172 nm) New SUBARU BL-6
4 x 1014 photon/cm?/s ( >130nm)
4 dirradiation =ca. 1 yr @ LEO 1 d irradiadi
10
10 -
% Eﬁ BT
2 bl - e Ival
% . A Hyd
- “!" < EMHyd
. mGlyin CAW
0.01 0.01 - - i
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Time / h SRRV [mAR]

Amino acid precursors are much more stable than free amino
acids against UV, X-rays, radiation and heat.
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The Tanpopo.Missien:
Capture of Cosmic Dusts

Aerogel
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Fluorescence

Amino Acid Analysis in Silicate Matrices

Gly
]
Thr %
Ser O Sample:
Asp ﬂ Ala 2 Antarctic Soil (Sta. 5)
-ABA =
| Glu | val Leu Y s
lle B -Ala Thr Gly B BaAla
Phe la \
_JJ\U\ UU Asp | S Glu Val Leupye
PLEr et ettt r et e e ettt rrrrnrn L T T T L L L N B O
A T A S S 2 = o8 5 8 B % %

Retention time (min)

HF-digestion

Retention time (min)

hot water extraction

HF digestion gave much more amino acids from samples with mineral matrix
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Exposure of Organic Compounds

in the Tanpopo Mission %\} ﬂ

Amino acids and their precursors

*Glycine H
| . N__0o
*Hydantoin (A precursor of glycine) — ;74
|sovaline (a-methyl non-protein amino acid) 3
5-Ethyl-5-methyl hydantoin Hydantoin
(A precursor of Isovaline) vuv
«‘CAW" (Complex amino acid precursors l
roduced by proton irradiation of a b c
p yp C——
mixture of CO, NH; and H,0) a

Alanine Thin Film (as a VUV dosimeter) — = [t d

T
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summary

e Complex organic compunds with high molecular weights
can be formed in simulated interstellar environments by
high energy particles bombardment

e Meteoritic organics could have been formed by alteration of
Interstellar complex organics: Soft X-rays from the young
Sun could be important energy source for it, as well as
aqudous / hydrothermal alteration in parent bodies of
meteorites.

e Major carriers of extraterrestrial organics could have been
cosmic dusts (IDPs).

e Cosmic dusts will be collected in space with aerogel in the
Tanpopo Mission

 Amino acids in cosmic dusts will be analyzed after HF
digestion.
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Thank you for your attention!
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