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Effects of cosmological infall of galaxies: its discovery, plasma physical implications,
and verification with ASTRO-H
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Direct measurement of the plasma momentum in a magnetic nozzle helicon plasma fc
electric propulsion
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The ion and electron energy distribution functions of a low-pressure, current-free helicon plasma in a magnetic nozzle con:
figuration are experimentally investigated by electrostatic Langmuir probes including a radiofrequency compensated probe an
a retarding field energy analyzer; the ions are electrostatically accelerated by a spontaneous potential drop of a double lay
and/or ambipolar electric field, and only the energetic electrons can overcome the potential structure. The results indicate th:
the accelerated ions are spontaneously neutralized by the energetic electrons. These findings propose that the source systel
applicable to an electrodeless and neutralizer-free plasma thruster.

Momentum of the plasma flow is one of essential physical parameters dominating the particle acceleration in both laboraton
and space. Especially their interaction with magnetic fields have been significant subject associated with natural plasmas (a
trophysical jets, magnetospheric physics, solar dynamics, aurora dynamics, etc.) and artificial plasmas (thermonuclear fusic
devices, electric propulsion systems, plasma devices for material processing, etc.). The plasma momentum is equal in magnitu
and opposite in direction to a thrust imparted from a plasma thruster for the electric propulsion device. The direct measuremer
of the thrust imparted from a magnetic nozzle helicon plasma thruster is successfully measured by using a pendulum thrus
balance immersed in vacuum, where the thrust components arising from the presence of the physical boundaries and magne
nozzle are also independently measured by attaching each component to the thrust balance. Further a laboratory experime
of a helicon plasma thruster is established to control only a plasma cross-field diffusion in a rapidly-divergent magnetic nozzle
while maintaining a constant plasma injection into a magnetic nozzle. The thrust component due to a plasma pressure forc
inside the source cavity is constant and that due to the magnetic nozzle increases when inhibiting the cross-field diffusion in th
nozzle. The latter force is well explained by an electron-diamagnetic-induced plasma momentum derived from two-dimensiona
momentum equations and approaches the theoretical limit derived from a one-dimensional model assuming an ideal magnet
nozzle with no plasma loss. Further a new source system approaching the ideal magnetic nozzle and the recent progress of
thruster performance will also be shown. It is noted that the above-described phenomena are occuring in current-free sourc
system. These insights into the plasma thruster dynamics might include a common physics relating to the plasma acceleration
a non-uniform magnetic field in both the laboratory and space.
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Laboratory In-situ experlments for plasma wave-particle interaction in linear magnetized
plasma machine
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Weibel instability mediated collisionless shock generation using large-scale laser system
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Collisionless shocks are considered to be sources of high-energy particles or cosmic rays, and occur when a coulomb mea
free-path is longer than the shock-front thickness. In such plasmas wave-particle interactions and collective effects play a
essential role in the shock formation. In addition to local observations of spaces plasmas by spacecraft and global emissic
measurements of astrophysical plasmas, a laboratory experiment can be an alternative approach to study the formation of col
sionless shocks.

In this paper, we investigate the formation of Weibel-instability mediated collisionless shocks in counter-streaming plasmas
produced by large-scale laser systems. Kato and Takabe investigated the collisionless Weibel shock in two-dimensional PIC sin
ulation using the injection method [1]. A scaling-law derived in simulation revealed that high-density (electron eergfty
cm~3), high-flow velocity (~1000 km/s) plasmas are required to produce the collisionless Weibel shock. In order to achieve
these plasma parameters, a MJ-class high-power laser system or the word largest laser, the NIF laser (LLNL, USA), is require
Before starting the NIF experiment, we conducted OMEGA laser (LLE, USA) experiment and measured plasma parameters suc
as electron and ion temperatures, electron density, and flow velocity of counter-streaming plasmas using collective Thomso
scattering, and current filaments produced by the Weibel instability using proton-radiography.

[1] T. N. Kato and H. Takabe, The Astophys. J. Lett. 681, L93 (2008).
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Experimental study on collisionless shocks with high-power laser system "Gekko-XII”
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Collisionless shocks play significant roles in particle acceleration, for example, in Earth’s bow shock and Supernova remnan
shocks. In collisionless shocks, collisions between particles can not account for the formation mechanism and particle?field intel
actions are essential. Therefore, the shock thickness is much smaller than ion-ion mean free path and a large electromagnetic fit
exists at the vicinity of the shock. Laboratory experiments with high-power laser systems can be alternative to observations or in
situ measurements by satellites. Collisionless shocks have been produced and investigated in counter-streaming laser-produt
plasmas. To investigate collisionless shocks, the measurements of an electric or magnetic field and of fundamental plasma para
eters are required. Shocks have been measured by optical diagnostics such as interferometry, shadowgraphy, optical pyrome
and Thomson scattering to obtain the fundamental plasma parameters: density, temperature, charge state, and flow velocity. \

will present recent results from series of our experiments on collisionless shocks with Gekko-XII laser system.

F—TU— N JEZEERY, L—Y—, I X<, 7T A< EH
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Current status and issues of a study on collisionless shocks by using laser experiment

R A — 1 5 B T — 2 TG HENG 2 B (EORER s AREH KR 2 e T e S 2
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Collisionless shocks are ubiquitous in various space and astrophysical environments like a termination shock of a stellar winc
planetary bow shocks, supernova remnant shocks, etc. Recently, collisionless shocks have been able to be experimentally g
erated by using high power laser facilities. One of the advantages in an experimental study is that both the global and the loc:
structures of the phenomenon are simultaneously accessible in principle, which is inherently difficult in-situ or remote sensing
observations in space. However, the shocks produced in the laser experiments and the method for measuring them are quite c
ferent from those in space. A majority of the shocks produced in laser experiments are unmagnetized shocks. The methodolog
for measuring their local quantities in the transition region has not been established.

On the other hand, basic structures and dissipation mechanisms in an unmagnetized shock have not been well understood t
oretically. So far high Mach number electrostatic shocks are thought to be generated by the counter streams of two non-identici
plasmas. In this study microstructures of such electrostatic shocks are studied by using a full particle-in-cell simulation. In
addition, characteristics and issues of currently adopted method of measuring local quantities in shock transition region, know
as Thomson scattering measurement, are also discussed.

F—U— B MEEZeEERR, L—Y—525R, B
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Electromagnetic Field Excitation in Magnetized Plasmas by External Electrodes: 1D PIC
Simulation Studies
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UC. &kt 7o ifeE (electrostatlc ESETIVEBERY > T F &2\ (Electromagnetic: EME T /LD 572D
ZRETT %, TT Ty 1 T/ EE R S K CIREBTR R BECL T ONERE R 28 G, kiRt a—
R1Z VORPAL(Tech-Xtt) 7 %

ESTETIVTIE. I AREROBE MBI OB AZICK D, HELGPEEI NS, —/H. EMETIVTIR, 7oA
?%0)7’ VTP ERICERE S Nz M(EZ@JODE?@A?D% & Lfﬁﬁﬂzb\ﬁbfé_éh% AERIE R ORE e LT, WETIV

IC KB EGHZBEOFMEITS . £z, BHWED T T ASWNIBICTERIRET 255, ESTT IV TIRZEM—RaEL D
HENs—. EMETFIVTR TS ARERICKIEL T, 7 77\7tﬁﬁh\an><bﬂ’§wt:%a§f%rbvﬁbté N3, 77 AH4%
IARAF S 2 BB IIE R 2 3w 9 %

F—T— R SV, SVERERRAE, LT 5 X, FEAUHEEE, A MR SUHEEE
Keywords: external electromagnetic field, external electrodes, magnetized plasmas, electric thruster, electrodeless electric thrus
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Numerical simulation of satellite potential control using charged particle beam emission
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