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3 GCOE program "Global Education and Research Center for Earth and Planetary Dynamics'"
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Early solar system
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“Observation” “Theory” “Application”
Ground-based obs. Plasma physics Molecular cloud
Satellite in-situ obs. Upper atmospheric physics  Protoplanetary disk

Space telescope  magnetohydrodynamiceolution of planetary atmospherg

“EBiEERHVD “TEMERT A~
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“Theory” “Experiment” “Observation”
Crystal growth Crystallization In-situ obs.
Numerical simulation Micro gravity Nano-scale topography
Phase diagram of multitigh temperature/pressure Nanotech

component system
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HRRANZE(MHD) 22— 3
VDERA: XECAENR
« Continuity equation for the total plasma density

%—/;+V-A7[ = Zi(m[q,. —m[Li)

«  Momentum equation

_ I, ) _
a]V[+V-(]Vm/[—@+l‘[ +V£P+ b ]:_VﬁM—pg_zi(miLi)M

or P H 2, p
 Faraday’s law stress tensor IAEEE 2 kinds of simplified viscous
aa—B+V><E:O iheory terms
t

 Energy equation

de B’ )M Exé} M ( , M ]
—+V-||e+P- —+ =——-\VvM+pg+—) (mL,
ot K 20, ) P My p pz’( )

Mo (o VM _ 1L M |
+7—12i(qi qEII,i) y_lzinll,i )/—]ziLi+3(}/—1) 0 zi(mi%)—i'v (KVT[_)

« Additional continuity equations for ionospheric ion densities

%"‘ \Y '(piM) =mq, —mL,
ot p
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& AA
 3-D TVD MHD model
— Up to 14 ion species are considered (O*, O,*, CO,*, NO*, CO*, N,*, N
¥, C*, He*, H,*, H*, Ar", Ne*, and Na*)
— 94 chemical reactions
— Entire ionosphere-solar wind interaction region simultaneously solved

* Inner boundary locates at the bottom of the ionosphere (120 km altitude
for Venus, 100 km for Mars, 0 km for Mercury)

* Outer boundary locates at 9.2 R} altitude

— Hyperbolic V =B cleaning method similar
to Dedner et al. [2002] implemented

e Grid structure

— Vertical:

» 3-10 km grid size in the lower ionosphere

« 300-1400 km grid size near the outer boundary
— Horizontal:

* Unstructured

Grid structure on a
horizontal sphere
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Time =-500 [s] N(O)
10000 ™
Two-stream 5000
and Monte- -
Carlo R
calculation
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©
= =]
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MHD ;
calculation

IR TIE, BHEIMHDO—K~ &5V E
two stream+¥i?$ﬂ5§iﬁﬁﬁ3—l~°€’

|:| |:| ) E&%E%@umﬂjzo)j{[‘ﬁﬂ
BEZHICHIT DLEZRE
[Kaneda et al., 2007, 2009]

L

5\ B-2E DSMC (Direct simulation
Monte-Carlo) ET L~ DHi5k

600 T T T T T
550 =
500 -
450 | -
s00 | ML -
350 | I free molecular flow I
300
250
200
150

100
10

Knudsen number

« Collision frequency is not high enough to
maintain equilibrium.

« Momentum exchange in a collision between
atmospheric molecules is still important.
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First coupllng model for Venus <Hoshino et al.; Ichikawa et al.>

We have developed o0 k- | Thermo-
a new general circulation model (GCM) with | sphere
the Venusian mesosphere (70— 110 km) and i

[y
S
O

thermosphere (>110 km).

ALTITUDE (km)
o
w
O

Our simulation results first show the momentum
transfer toward the thermosphere, that Meso-

the Kelvin wave originated in the cloud deck D : = sphere
propagates up to about 110 km with  a vertical 7 12 n%
wavelength of 40 — 50 km.

90 Fjl/?d)ﬂ#aaﬁ?é@]
DMREMHAL
) - FEIR RIS (~1-10A)
We have als DNB A IAD

o
Q
Q

Latitude (deg)
o

o0 nightglow Meeer—repre -
12 6 0 18 12| temporal variation of 0:-1.27um nightglow
Local Time (hour) ] ]
Intensity (MR) (about 95 km) with a period of 4 days
oy 6 g 10 caused by the upward propagating Kelvin

Fig. 02-1.27um nightglow

distribution N. Hoshino: MS thesis (2009), Tohoku Univ President Award (2009)




TRRIEDES (HERNMSIHEET)
First whole region GCM for Earth <. rujiwara et al.>

GCM: all the atmospheric regions,
from the ground to exobase first in the world ZE
(in collaboration with Kyushu Univ and NICT). 30
Our GCM simulations reproduce day-to-day
variations of the thermosphere which have —cof

-90

never Shown In pr9V|OUS SImUIatlonS. 0 30 60 90 120 150 180 210 240 270 300 330 360

longitude {(deg)

qQll

latitude (deg)
o

AAN 2L L

©
=

[=2]
(=1

Upper panel: temperature and horizontal
wind at about 12 km altitude.

o
=1

....

latitude (deg)

Bottom panel: temperature and horizontal
wind at about 300 km altitude in the e ‘ S
condition of solar minimum and 6 t . (00 270 300 330 360

ongitude eg
geomagnetically quiet. Temperature (X) _

689 622 656 683 Y21 Y84 VBB 819 852 88H 918

[Next work] Comparison with observation: IPY long-run data obtained
from the European Incoherent Scatter Svalbard radar (ESR)
observations in 2007 and 2008, for seasonal variation of the ion
temperature extremely larger than the IRl model.
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Radiation belt at Jupiter and the Earth <v. katoh et al.>

Simulation result confirmed the existence of highly . " S S rroe-
effective electron acceleration in the process of @ % AR
chorus generation [Katoh et al., 2008].

Our simulation studies serve important clues in () = ‘.-’,r// / f St
understanding the radiation belt physics and | . _
enhance collaborative studies through the satellite or o oro8se 0709';8 )

feo] Oorus emissions: observation
mission ERG, SCOPE and beyond. [Santolik et al., 2004]
[“i] t = 10000 - 15000 (1,1 [Pl _ 92 [eq ] [jg(’]'
S S “ERL JURA | A7 SH B
:la ': ) = '1“ RTA| [*° | = 1&0) E%LE
5 = e —% ,44) | ! ‘ 4
B[S ALY L e
& = ol | | - dEF4E (rooostFLL L,
i OhHelp@ R KZfifT1E#Hx
0 1 t)[ . S }7__47‘&)9_)
0, o) . . o) - =
Reproduced chorus emissions I: ‘J77‘J7 Z:KIE
[Katoh and Omura, 2007; ~ DLk

Omura et al., 2008, 2009]




NER L

TR

Molecular cloud formation <m. matsumoto et al.>

Knowledge on the formation of molecular clouds from interstellar
atomic gas is indispensable to understand star formation since
denser regions of the molecular clouds within the cold neutral

medium are protostar nurseries.
M. Matsumoto (D3 in 201 | FY)
et al. have studied the

effects of magnetic field and partial
ionization (ambipolar diffusion) on
molecular cloud formation through

thermal instability, using one-dimensional
two-fluid (neutral and ionized gases)

simulations.

4 d(log P)/o(logn)< 0 N

[ i

P P V cloud M

\ Stronger cooliny

Cooling Condensation \\ \\ \

|
s

Magne
field

p-n diagran / theta dependence (beta = 16)

Gaseous Pillars - M16 ~ HST - WFPC2

PRC95-440 + ST Scl OPO - November 2, 1995

J. Hester and P, Scowen (AZ State Univ.), NASA

.5 1 1.5
log n [/ccl}

Major Results
M. Matsumoto (D3 in 201 | FY) et al. found that
possibility of ambipolar diffusion is excluded by the
guiding effect of the moderate-strength magnetic field,
and in weak-field cases the ambipolar diffusion becomes
effective but is dominated by a more significant
amplification of magnetic field due to the thermal
instability. Their parameter studies have clarified how
strong an influence magnetic field has on the
condensation of neutral gas.
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MRI in accretion disks <«. sai et al.>

The Magneto-Rotational Instability (MRI) is one of the
important mechanisms to explain the angular momentum
transport and generation of turbulence in accretion disks. In
order to reconstruct the MRI I
turbulence and evaluate the box
size dependence of the non-linear
saturation state of MRI, K. Sai
(D2 in 201 IFY) et al. have develope
a simulation code based on the

CIP-MOCCT scheme. T'WW/

Time variation of magnetic energy during the

" linear stage of MRI (Sai et al.)
Densly gradient \ Major results
ratamne ISK mode
| * K. Sai (D2 in 201 IFY) et al. have developed a CIP-

MOCCT code whose accuracy and reliability have

verified against known analytical and numerical solutions

of Alfvenic wave and MHD shock tube tests. Shearing-

periodic boundary condition has implemented in the
Nonlinear stage: three-dimensional code to check the linear growth of
Box size dependence of energy MRI.The code is ready to investigate its non-linear

density in stratified disk model is to
be understood turbulent stage.
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[Matsuda et al., submitted]
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