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Two-dimensional particle-in-cell simulation of magneto plasma sail
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The magnetic sail is a spacecraft propulsion system using the interaction between the magnetic field and the solar win
(Zuburin et al. 1991). Using the solar wind, which is a super sonic plasma flow mainly consisting of protons and electrons, the
magnetic sail provides the efficient thrust in the deep space exploration. In addition, MPS (Magnetic Plasma Sail), or M2P2
(Mini Magneto Plasma Propulsion) is proposed (Winglee et al. 2000). MPS inflates the original magnetic field by a plasma
injection from the spacecraft and MPS is expected to be able to provide a large thrust with a small coil size. As the previous
researches, several numerical simulations have been performed to calculate the thrust of Magnetic Sail and MPS. For a very lar
magnetosphere, where the ion finite Larmor radius effect can be neglected (MHD scale), MHD simulations are appropriate t
evaluate the thrust with the single fluid approximation. If the ion finite Larmor radius effect should be considered (lon inertial
scale), Hybrid-PIC (Particle-In-Cell) simulations, which treat ions as particles and electrons as a fluid, are used. In the preser
study, we conduct a 2D Full-PIC simulation for a very small magnetosphere (several 100 m to several 1000 m, Electron inertia
scale) generated by MPS because the thrust characteristics in this scale are still unknown. The Full-PIC simulation treats bof
ions and electrons as particles and charge separation is considered. Hence we particularly analyze the MPS in terms of hc
the thrust is affected by charge separation and what injection plasma parameters enhance the thrust efficiently. As a result,
is revealed by 2D Full-PIC simulation that the charge separation and electron Larmor motion affect the thrust of the magnetic
sail. In addition, the mechanism how the magnetic field interacts with the solar wind and how the magnetic sail generates thrus
depends on the msgnetospheric size. MPS simulations also revealed that the MPS could generate efficient thrust. By the plasi
injection, the thrust of MPS (15 micro N/m) becomes up to 5 times larger than the original thrust of magnetic sail (3 micro
N/m). The efficiency defined as MPS thrust / (Magnetic sail thrust + Plasma injection) is 270%. The thrust of MPS depends or
the plasma injection manner. When the high-energy electron beam and thermal ion with low energy are injected, the efficienc
becomes highest. It is expected that more efficient parameters should be found by parametric study about injection energy al
injection angle in the future work.

oobooooboooooooobooboooooboboobobooooboooboooobooooboooboooboooboobooooDooog
O00000O0O0DO0ODOOOO0OO00000000Zuburinetal., 19910 0000000000000000000000O
oooooooooooooooooOoOooOoooooooooooooOoOobOoobooDOObObObOOoOooMPEDO
oboooboobbooobobooobobooooooboooobooobooobbooobooooboooboOoooDoog
O00000000Wingleeetal., 20000 000 0000000000000 000000O0O0OOOOOOO MHDOOO
gooobooooboobooooobooooooobooooboooooobooooobooOoobboobobooboobooboOoog
0000000000000 mOOOkmO0OO00C0OO0OO00OO00OO0O0O0C0OO0O00OOOO0 Full-PIC (Particel-In-Cell)
obooooobOobobobooboooooooooooooooboobOobOooboocOo0ooboooooooOoobOoDbo
boooooooboboooooboooboobobobooooooobobobooboooooboobobooooooboOonn
uboooooobobobooooooboobobobooooooobobooooooboobobooboooooboOon
gooooooooboobooobooobooobobobooboooooobobooboooobobobobooooooDbOoD
ooooooobooooboobooboooboooobooboooboobobooooobooboboobooboobooobooobooon
obooooooobOobobooboooooooboboooooboobOooboboooboobooboOobOoboobooooon
gboooboboooboobooooboobooooobooooboboooogooboon

-4000 -2000 9, 2000 4000 -4000 -2000 ,Q, 2000 4000

7.5 ms (PSR ' t=45 ms (WEHH)



