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Ca-Al-richyInclusion
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S coarse grain (FE

Enstatite
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Augite
Melilite

Mesostasis

Estimated accuracy
(95% confidence)

8'80gpow (%o)

lto & Yurimoto (2003)
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- Evolution of Protoplanetary Disk

-2 Dynamical evolution,
2 Disk structure
& Accretion rate
- > recently available
(e.g., Calvet et al. 2000)

~~ ® Compositional evolution
S Chemical composition?
& |sotopic composition?




Hints from Chondrites:
Oxygen [sotopic Composition

S Mass-independent

20
fractionation | 10 ;ﬁf.'iﬁﬁi_cch%('édhmlles )
- meteorites (whole roc
: @ solar wind (upper limit) 47"
S 160-rich ... CAl :
| - -10
S 160-poor ... Chondrule N
. . Sk -30 P
S Implying existence of »
'6O-rich & -poor reservoirs <
S Chronology suggests that 60 50 40 30 20 10 0 10 20

oxygen isotopic composition 5 180 (%o)
changed during several Myr Kuramoto & Yutimoto (2005)




Hints from Chondrites:
Redox State

S Systematic variations in
Si/Mg ratio and redox state

S More reduced type has 18751 Enstatite _
nigher Si/Mg ratio

.

S Heterogeneous addition
of SiC and reprocessing
possibly produce these

variations.

6.25 12.50 18.75 25.00

S Formation of SiC requires
Mg (atm %)

high C/O ratio (>0.95)
relative to original one (0.5).
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Early Studies

Cuzzi & Zahnle (2004)

pointed out that preferential migration of dust particles would
enhance vaporized component at inner disk.

Yurimoto & Kuramoto (2004)

modeled oxygen isotopic evolution of disk by using same
process, but they assumed steady evolution of disk and time
scale of the evolution was not fully discussed.

Nakano et al. (2003)

suggested that C-bearing vapor (hydrocarbons) from organic

materials controlled C/O ratio of disk, but they did not
consider the effect of advective diffusion in accretion disk.



In This Study...

% We have performed a numerical calculation for
advective diffusion in accretion disk, considering

& preferential migration of dust particles
& evaporation of H,O ice and organic materials
® rapid decay of gas accretion

% To clarify compositional evolution of disk & its
time scale.



Preferential Migration of Dust

@ Dust particles radially
migrate faster than gas due
to gas drag. |

S Vqust / Vgas iINCreases with
decay of disk accretion.
S For mm sized particle :
$ 1078 Msolar / yr ...
Vaust / Vgas ~ |

S 102 Majar /yr ... Grain radius (m)
Udust/ vgas ~ 5




Advective D ifoSiOn Eq uation | .. .

52(0%)- 28

Yr Or

'cl':' Concentration of speciesi  ;: Source for species i

e Dlstance from dlsk center vr . Mlgratlon veIOCIty of gas

Z Surface denSIty ofdlsk D : Diffusion coefﬂClent -

We can rewrite as...

v :Tu rbulent viscosity



Distribution of O&C for Each Cérrier

Silicate Ice Organic .~ Gas
| - (H2O) | material (809)
0 1 3.5 <0 1.5
S 1718001 | - - -
(%°). 0 +100 s —230 |
C 0 D 1.5 1.5

& Assuming that half of C is partitioned into CO gas and
another half into organic materials.

S 0 7180mc means deviation from isotopic composition of
molecular cloud.



Disk Model & Parameters

2 “Mir
- o 1
i <
L D
e 3
S —
S 23 <
e .
® kv & O
1072 S5
> 0 :
> DU51 time

& Accretion rate ... 108 - 102 Msolar /yr
& correspond to transitional phase from CTTS to WTTS

S assuming the time scale of decay is very short



Results

- Evaporation of Evaporation of
organic materials H,O ice

5.3

-5 o 4 H>O vapor
£B

§ _8 C-bearing
SN o vapor
o

-

SE 71

< O

> £ 0

0 1 2 4 S5
Radial distance (AU)



(normalized)

Concentration
OO =~ N W B~ O

(@0)
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Evolutlon of
- Oxygen sotopic Composutlon

Re-condensatio
\
\

1 2 3 4
Radial distance (AU)

Composmonal evolution

time is scaled by residence
tlme tres Ty 4 Myr;

inner disk mass

tres o

mass accretion rate

& This value is consistent with
evolution time suggested by

chronology (several Myr).

S Locational heterogeneity

also exists.



Evolution of
C/0 ratio

$ In case that time scale of
accretion decay is sufficiently
shorter than tres, a reduced
‘environment would be formed
at innermost region of disk.

at 0.05 AU

D

-02 0 02 04 06 038

time (4x10° yr) S tres ~ 4 Myr is longer than the

lifetime of CTTS, so this is a
presumable assumption.

180

$ At 0.05 AU where X-wind
arises, SiC formation would
last for 1 Myr.

9
£
O
O

Radial distance (AU)



A Possible Scenario of
Material Formatlon

1. at hlgh accretion rate
.. oxidized "°O-rich disk,
@A forma_tion at the disk center

2. soon after accretion decays .
.. reduced disk center, SiC formation

3. at low accretion rate

.. oxidized '°®O-poor disk, continuous chondrule
formation event, reprocess with added SiC

S Large ad

‘4 Small ac

it

dit;

ition of SiC ... reduced chondrule

ition of SiC ... oxidized chondrule



A Possible Scenario of Material Formation
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