Science as method and methodology for
problems on the Earth and life

¥ Watch carefully until understanding the problem.

# A natural sample
¢ chemically disequilibrium
o % ¥ open system
B : ¢ unknown multiple processes (history)
Prediction of ¢ one and only (synthesized by nature)
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¢ Not difficult but exciting because you can create the
method

¢ Find evidence from natural sample
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¥ Write a paper what you understand
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Distribution of O isotopic composition
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Distribution of O isotopic composition
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A direct solid condensate from protoplanetary disk gas

-60 -40 -20 0 20
5180 (%) Fagan etal.(in prep.) 10

A direct solid condensate from protoplanetary disk gas
T Wb

Fagan etal. (in prep.) 12




A direct solid condensate from protoplanetary disk gas Crystal Growth in the Ea r|y Solar System
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Crystal Growth in the Early Solar System
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O isotopes of proto-planetary disk

* Proto-planetary disk gas changed the O isotopic
composition between °0-rich and ®0-poor.
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Wide Field Survey for Early Solar System Remnants
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O isotopes of proto-planetary disk

* Proto-planetary disk gas changed the O isotopic
composition between °0-rich and ®0-poor.

* 160-poor disk gas is contributed by H,0O
components.
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A 120-rich chondrule and the Sun
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A 18Q-rich chondrule and the Sun
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O isotopes of protoplanetary disk

* Proto-planetary disk gas changed the O isotopic
composition between *0-rich and 0-poor.

* 160-poor disk gas is contributed by H,0
components.

* 160-rich disk gas is contributed by the Solar
component.

O isotopes of protoplanetary disk

* Proto-planetary disk gas changed the O isotopic
composition between *0O-rich and °0-poor.

* 160-poor disk gas is contributed by H,O components.

* 160-rich disk gas is contributed by the Solar
component.

* These are the initial condition of the protoplanetary
disk.

* Change of O isotopic composition of dusts is buffered
by the disk gas because of High gas/dust of O.

* Change of O isotopic composition of disk gas in the
early solar system is essential.
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CO self-shielding and ice formation in MC
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H isotopic compositions of
outer planets

H20O ice consists of H and O.The same model for O isotopes
can be applied to H isotopes.

¢ Protosolar Nebula Hy: D-poor, dDsmow=-850%o
¢ by Solar 3He abundance (Linsky et al, 2006)

¢ Cometary ice: D-rich, d8Dsmow
¢ =+1400%o by comets (e.g.,Villanueva et al., 2009)

¢ =+5450%o by interstellar H,O (e.g., Butner et al., 2007)

¢ Possible mechanisms for D enrichments
¢ ion-molecule reaction in molecular cloud or outer disk

¢ grain-surface reaction in molecular cloud or outer disk
¢ self-shielding of H> in molecular cloud or outer disk

¢ dust/ice/gas ratios: 0/1/2000
¢ by cosmic abundance
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Isotopic Systematics between N isotopic compositions of

H and O of Outer Planets outer planets
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Outline

* Distribution of O isotopic composition in the
proto-planetary disk

* Origin of O isotopic distribution in the proto-
planetary disk

* Isotopic systematics of O, H and N between solar
system planets

* Activity of violent proto-sun
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Solar wind-0O isotopic composition of metal-

Projected range O in Iron
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Science as method and methodology for
problems on the Earth and life

¥ Watch carefully until understanding the problem.

# A natural sample
¢ chemically disequilibrium
¥ open system
¢ unknown multiple processes (history)
¢ one and only (synthesized by nature)

¢ Not difficult but exciting because you can create the
method

¢ Find evidence from natural sample

¥ Write a paper what you understand




