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Multi-scale plasma particle simulationtfor the development of interplanetary flight
system
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Magneto Plasma Sail (MPS) was proposed as one of the innovative interplanetary flight systems. The propulsion of MPS
is obtained as a result of multi-scale kinetic interactions between the solar wind plasma and a small-scale artificial magnetc
sphere created around the spacecraft. Prior to the development of MPS, we need to understand the basic principle of MPS.
the investigation of the multi-scale plasma interactions in association with MPS, plasma particle simulation can be a powerful
tool. However, it is difficult to handle the multi-scale phenomena with the conventional particle simulation which adopts uni-
form spatial grid system. To conquer this difficulty we will establish the foundation and the methodology for the multi-scale
plasma particle simulations by combining Adaptive Mesh Refinement (AMR) and Particle-In-Cell (PIC) methods.This challeng-
ing attempt was selected as a research project of the JST (Japan Science and Technology Agency) CREST (Core Research
Evolutional Science and Technology) in the research area of 'high performance computing for multi-scale and multi-physics
phenomena’ in 2007 fiscal year. The research project which started at October in 2007 will continue for five years. In the curren
project, we will focus on two major issues. One is the quantitative evaluation of the MPS thrust by considering the plasma kinetic
effect and the associated plasma transient process such as the inflation of artificial dipole magnetic field by plasma injection. W
already started the analysis by performing hybrid particle simulations. The other issue we need to consider is the development «
a multi-scale plasma particle simulation method. Our plan is to introduce non-uniform grid system such as AMR to the conven-
tional PIC simulation. In the presentation, we will briefly explain our research project and focus on the two major issues statec
above as well as the current status of the research progress.

oo0o0o00O00OO0OOOO0OO0000000000000DODOoOooooogog PS)DO000O0O0O0OO0OOOoOoOg
gboobobooooobooobooboobooooobooooboobooooobOoooooOobooonog

MpPSOOOODOODOODOOOOODOOOOO0DOOOOO0DOOO0OO0ODOODOOOO0ODOObOUOODODOOOODO
go0ogoopoooOoo0oooooO0ooooooOoUooooooooMPSOOODOOOOOUOODOOOOOODO
oooooooobobobooooooobobobooooooooobobobooboboooobooboboboooo
ooobooooboobooboooboooobooobooooobooobooobooobobooooboobooooobooooboooon
gboobOoboboobooooobOoboboooooooboobobobooooooobOoboboooboooooboOon
00000000000 00000O00000000O0000C00O000000O0000D00O0O0OUOODO0O0O0AMR) O
0000000000000000000000000000O000000000ODO (PICDODDOOODOOOOOOO
goooooobooooooooobooboobobooooooobooobooboooooboooDoboboboboobooobogoo
oboooooobOoboboobooooooobobooooooooobooboobooooooobooboboboooon
oboooOoboooooboboooooboooon

000000019000 JST-CRESTOOOOOOO0OOOOOOOOODOO0O0O0OOOODbOOOO0OOoOoOoOoo
O00O0O0O0O0O0O0O0O0O0O0O0O0O0O0000,JAXA, 000000000000 2400000 60000000000
gooooopooooo020p0o0o00goooooooooooooo VMPSOOOODOOOOOODOODODOOOOD
oo0bo00oobo00ob0o0bo0obo0oboobboobboobooooo0JAXADODODOODOoooOooooooog
ocoooowvMPSOOOOOODOOOOOOOODOOOOOODOOOOOOODODOOOODODOOOOOODOO
gboooooobobobooooooobobobooooooooboobobooooooooboobooooooboOon
ooooooboooooooooobooooooobooooooooOobObOooooDoOoOoooOoAMRODOOOOO
oooooooooooboobooboooogoogooobobobooooooobDobobOoboboooboooooDoDog
gboooboobooobooboboobooboboooooboboboobooboooboooboooo

oboooooooOoobobooboooboobOobOoboobooobooooooobOOoboboboooboooooOon
gboooooboooooooooon



