B008-13 OoO:A O0:90 290 16:15-16:30

guooubobbogobobobouooooboboooobobobuooooon
HEN

#00 OO0 [1; 00 00 [2;00 OO0 [8;00 OO [4];00 O [5]
[1]0000000000;[200000000000;@0000000000;[4]000000000;[(5000000

Modification of angular velocity distribution and concentration of the dusts by
nonuniform growth of MRI in proto-planetary disks
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We have performed three-dimensional CIP-MOCCT simulations with test particles coupled via the gas drag force, to investi-
gate the propertiy of the Magneto Rotational Instability (MRI) in a proto-planetary disk with nonzero ohmic resistivity and the
dust motion affected by the generated turbulence.

A proto-planetary disk is formed as the gas and dusts around a proto-star accerete. In the disk the planet formation proceec
However, when the size of dust particles (the solid component of the planets to form) grows to 10 cm ™1 m, the dust particles fal
quickly to the central star and the planetesimals cannot be formed. This unresolved problem is due to the angular momentul
loss of a dusk particle that is strongly dragged by the gas which rotates slower.

When the accretion disks have a weak magnetic field, it is well known that the Magneto Rotational Instability (MRI) is excited
(Balbus &amp; Hawley, 1991). Linear analyses by Sano &amp; Miyama (1998) show that MRI growth rates are affected by
various factors: The one that is highlighted here is the fact that weaker vertical magnetic field reduces the growth rate in the
presence of finite resistivity.

A protoplanetary disk is considered to be weakly ionized. Then there can be a radial inhomogeneity of the MRI growth rate
due to a spatial variation in the magnetic configuration. We have performed simulations of cases in which a MRI unstable anc
a MRI stable annulus are situated. Two-dimensional simulations show that the radial profile of the angular velocity can be sc
modified that the rigid rotation state is formed inside the unstable annulus and that the gas rotates faster than the dust particles
some part of the disk.

This result has the interesting implication that the super-rotating part of the disk will not only prevent the dust particles from
falling to the central star but also to concentrate them substantially, which is a crucial process for the planetesimal formation
This recognition led us to perform three-dimensional simulations and to find the followings.

(1) Regarding the saturation state of MR, the turbulence is completely quenched when the initial magnetic Reynolds numbe
is uniform and is less than unity. However, we find that the turbulence caused by the inhomogeneous growth of MRI continue
for a long time even if the spatially averaged magnetic Reynolds number Rm,ave is less than unity.

(2) We simulated the dynamic of dusts as test particles. As a result, we found that dusts of any size are prevented from fallin
to the central star when Rm,ave&lt;1. Furthermore meter-sized dust particles are most strongly concentrated at the boundary
the area where the gas is faster-rotating and the area where the gas is slower-rotating than dusts, with its peak number dens
rising as high as 2000 times the initial value. This high concentration would lead to the planetesimal formation via gravitational
instability.

300 CIP-MOCCTOOOOUOODOOUOODOOoO0OoooOoooooooooooooooooooooooUoDo
goooooobooooobooobobobooboobobooboobooboooobbOoboobbobooooDbobobooo
obooobooobobooobboobooobooobobooobooooboooobobooboOoooobooboOoooboOooonog
obooooobOobobooooooobooboboboooooooobOobOoboooooooooboOoboobooooon
bobooooboobobooboooboooboobobooooobooboobOoboboobooboobOobOoboboooooon
bbooboobooobobooooboboooooboooobooboooogooboon

goooooooooboboboooooboooooooobobobooooobooobDobobobboobooo
0000000000 (Balbus &mp; Hawley, 1990) 0 0 0 00000000 0O0ODO0O0OQOCOOOOO0OO0O0O0OO
000 Sano &mp; Miyama(1999) 0 0 000000000 oooooooooooooooooOOooooooooo
ooooboooo

booooooboobobobobooooooooobobobobooobooooboobobOoboboOooobooon
gooooooobobooobooooobooboboobooooobobOobOoobooooDoboboboboobooDOoD
oboooooooboboboooooooobooboboooboooobobobooobooooboboboboobooooon
oboobooboobOoboboooooooooboobobobooboooooooboooOoOobOobooooooooooOon
oboooboooobooboooobooooono

oooooooooooooooboobooo0oOooooooooooobOoObObOOoOoOoooobo10obOObObO0O0Ooo
goooooooobobobooooooooooboboobooooooboboboboobooooDobDobooooo
gbooobooooboboooobooooobooboobooobooo



boboobooobooboboooooboooboobobooooboooboobobooooooboobOobOobooooonoo
goooobooboobooobobooboobooboobooboboboboobooboobboobooboo
OOoOoOooo 2000000000000 0000O0DO00O0DODODO0ODODODOOODODOO



