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Frontier of space plasma observations expanding from interplanetary space to interstell:
medium
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BIE, KIGEOBIIIZHCIZ K E BN > TW0WE, ZOFEMD—DIX, Voyager 1,2(V1,V2) X IBEX HEH
IZ & % KR E B FUS ORI K > TEH 75 E N7 (Gurnett et al., 2013, McComas et al., 2009)1 (& 2004 4F | #& i H 52
7 94AU Tl LT =A%, 20124F 8 FIC 121AU TARABES AT (heliopuase 1C3EL. RRIZRINZEA LTz, V2 1E
20074FIC 83AU TH&imfEE % 2@, H . heliopausex HIg L THITTHTH 2, —/i. IBEX EE T m T xLbF—rtk
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ERIRLE S &9 % L ERAIREERDZDON, KIGEEFUHD 3 XHBEICET 2 IEMTH %, Jed Lz IPSEHID 5IEN
RGN BT 2 KBEO 7 00—\ )VEn G oncd 2 e b, ZO7—ZICHEDWZMHD I alb—y 3 ik
D KRGEE UK OME EHE L SRET ST ENTES, TO IPSERIC X2 KGEY 2 2 L— 3 > 5 —X % Voyager
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&5 —DOHEFITF R RKBHEFOERIC K > Th e &Nz, 584 7 IVIEKIHEEIAEZE 100FERDEKHE TH
D, THUCHES TREGEEE OBEE K N0 mdE « (ER DO EDROR & Bx 272 EDZEMLE THB T &MV IPSH
I 5HEHL TV % (Tokumaru et al., 2009, 2010, 2012)C DF 5213 ARG E B FUR-P B WA B ANDELE: (FHRAR) I
BT 2HRICBNTEETH M. KIGEINEEEORZ R FOAND 252 %, Xz, SEIORRER KRN
HEWEESE, 17 o< Y XA —RuMNAIC I 2 BRI EOMZRIAST 2 T D L1755,

BRI TEENS V2 OREMIEEANDREIC K O KiEEZED % Rl 75 A< (Local Interstellar Clougl 12D
WCRHZZ i 3m D I REIC 72 5 125 9 o KIGIEIZ Local Bubble MEIZ N2 &% (HLUE B) AEBAIICHL., ZDT S5
AR OW T/ VY —EBIE R Eh S N T\ % (Spnaglar, 2009, %1% Local Bubblek KI5 & 7% —{k &
U72ECC, REROBERNE & B S OB BIZHAE DR T2 FHEM 7S A OWENHEIE LD THA I,
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Scale hierarchy and self-organization in magnetospheric plasma
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Inhomogeneous magnetic field gives rise to interesting properties of plasmas which are degenerate in homogeneous (or zel
magnetic fields. Magnetospheric plasmas, as observed commonly in the Universe, are the most simple, natural realization
strongly inhomogeneous structures created spontaneously in the vicinity of magnetic dipoles. In this talk, we describe the
experimental results form a "laboratory magnetosphere” RT-1, and theoretical modeling of its spontaneous confinement.

The RT-1 device produces a magnetospheric plasma by a levitated superconducting magnet. Stable confinement (partic
and energy confinement time = 0.5 s) of high-beta (local electron-b@13); electron temperaturel10 keV) plasma has been
demonstrated (which are promising characteristics for an innovative concept of advanced fusion; it is also applicable as a particl
trap for experimental particle physics or atomic physics). The radial profile of the electron density n(r) is highly peaked. Fitting
the data by a function n(r) =gnr—?,we estimate p=2:80.4 for a wide range of operating parameters. Multiplying n(r) by
the magnetic flux tube volume, we can estimate the particle number N(r) in a unit magnetic-flux tube. While n(r) is a steep
increasing function towards the center of the dipole magnetic field, N(r) is a decreasing function, hence interchange mode
are stable. Whereas the simple kinetic model predicts a flat distribution of N(r) [1], the model of grand-canonical equilibrium
explains the observed equilibrium state [2].

Theoretically, we can describe the self-organized confinement of the magnetospheric plasma as a grand-canonical equilibriu
in a "foliated phase space” of magnetized particles [3]. What makes the distribution function fundamentally different from the
conventional Boltzmann distribution is the topological constraints on the phase space which limits the actual domain where the
particles can occupy; the adiabatic invariants pose such constraints. Taking into account the constancy of the magnetic mome
and the parallel action, we obtain a foliated phase space of coarse-grained variables, on with the invariant measure is distorte
by the inhomogeneous magnetic field. The grand-canonical equilibrium has an inhomogeneous density when it is immersed i
the laboratory flat space. Hence, the creation of a steep-density clump is a natural consequence of equipartition in the magneti
coordinate phase space.

[1] A. Hasegawa, Phys. Scr. T116 (2005) 72.

[2] Z. Yoshida et al., Plasma Phys. Control. Fusion 55 (2013), 014018.

[3] Z. Yoshida and P.J. Morrison, in "Nonlinear physical systems: spectral analysis, stability and bifurcation”, (ISTE and John
Wiley and Sons, 2014) Chap. 18; http://arxiv.org/abs/1303.0887
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Solar wind plasma entry into the wake behind an unmagnetized obstacle
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TREEMO THRIANCIE T Z T N T, ThRMERmZAICTHEESE 5, COWMEICKSELEN, ETFOMAZHAEL
AF TV ENET B0, KGRI TES Y 214 7 DBERICE T 57T A DHEAZ, BUICTEEADT I AXHA LI
HIZBHZ RS EEZEND,

HHEIC K BEHETNA ROFFNICHEE NS T2, THAARICH LU TRERREDOLGIIHEZRETESLE
ABNMWBETHEM, VoA 7HEETOERENIEFFIC T > TOTT NS ERERNPENC &IThA. RKIKOEEE T
DEVIEHC D72 > TEBIC K S NEZZ T T 272, NEBREKD B REBLREDIZS VB LA, HEICAF
MAD I,

AE TR, KGR OTINA EISH UsEYORKE X% 845, 1645, 322G A X Tlro IiadExE AN 2 Xotki+
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Keywords: wake, solar wind, surface charging, electron thermal speed, Debye length, particle-in-cell simulation
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Global Vlasov simulation of a small body with a magnetic anomaly with the K-computer
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The interaction between a plasma flow and a small dielectric body with a weak intrinsic global magnetic field is studied
by means of a five-dimensional (5D) full electromagnetic Vlasov simulation with two configuration spaces and three velocity
spaces. In the present study, entry processes of ions into the nightside wake tail are examined. The simulation result shows tt
the bow shock and the magnetopause are formed on the dayside. However, most of solar-wind ions are reflected at the daysi
magnetopause and are picked up by the interplanetary magnetic field. Then, a small part of the reflected ions are taken into tl
deep wake tail near the body by the E cross B cycloid motion. The present result, in which the spatial resolution is low and
the Debye-scale charge separation on the dayside surface is not solved, is obtained by using a recent cluster computer syste
Currently we are performing a 5D high-resolution global Vlasov simulation by using the K-computer. The direct comparison
between the low- and high-resolution runs would show importance of fully kinetic global simulations.

F—U—R:YIal—ray, TR IR HKE, 75V 73— R, Jaryta—2
Keywords: simulation, plasma, small geophysical body, magnetosphere, Vlasov code, K computer
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Dependence of Jovian Magnetopause Location on Solar Wind Dynamic Pressure
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REHSEIZKGRBEOLEIIC KD RESZDOREESZENEEDZ LEZALNTVS. TAUIHERE S O i D
HULD S ORREEOBE /3 IE 2 THETH S EBMENTVS T &Ic k2. BUEMID 2 T SOMOMERIGIFFIT/NE <,
REHSEDORE SEKGRFEOREETELLNDREICIDNSG EEZLENTVS. L LZO—/TTAREAK
P& S i (L D KR BB AR M ALIE 2 701 B K 5 hkiH7Z2 7R LTV, 7272 U2 Ol TIERES BN ORESETE
WINTEY, KBEEBEZDEDTIIE. T O TRAUEZ WV T DRARZHEIS B CRR RN R A7
TELRWATHS. T THAWE, MHD ¥ a2 b—3 g V2V THIEKEHEO KGR ST X 2 2 KEHIEX TofE
BHRICKD, REMSESINOEO KRR E R A2 L, 2 2S0mOHHZHIEL. AT, Galileoff
HOT—2 2 KGR E LB Uiz, 2O/ 2 T 50— 73 KRB EOREN 2 KM LIc b D TH 2]
REMEDY SV E o Tz 2ARBBIS NS K 5 7570 DIEARIS Galileo iy 52 0O W AUEL 57t 72 @it 3™ % B 1 0D KR Bl = D
B RIDNP DA TS T EITER L TWAA[REMENEA BND Loaho Tt
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Pickup ion acceleration via multiple reflection between two successive CIRs
Pickup ion acceleration via multiple reflection between two successive CIRs
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Interstellar neutral particles, during their propagation inside the heliosphere, become ionized by the charge exchange with th
solar wind (SW) plasma. The interplanetary magnetic field picks up these newborn ions, called "pickup ions” (PUIs), and carries
them away into the outer heliosphere with SW. The gyrating velocity of PUIs around the magnetic field is equivalent to the SW
flow speed, hundreds of km/s, which is much faster than the SW thermal velocity. This property enables PUIs to be accelerate
more efficiently at the shock than the thermal SW particles. Thus PUIs are considered to be the dominant source of anomalot
cosmic rays (ACRs) generated at the heliospheric termination shock.

However, the well-known diffusive shock acceleration (DSA) process alone is insufficient to raise the PUI energy up to the
ACR range, typically in the order of MeV. This is because the primary PUI energy (10 keV at most) is still too low to be injected
into DSA, where at least hundreds of keV is necessary. Therefore, some preacceleration should take place inside the heliospht
before SW and PUI reach the termination shock. Interplanetary shocks are the most possible source for it. In the present stuc
we focus on the shocks driven by the interaction of the fast SW with the ahead-flowing slow SW. The regions bounded by thes
shocks are called corotating interaction regions (CIRs); forward shock in the slow SW side and reverse shock in the fast SW side

We demonstrate how particles are accelerated at this CIR system by performing hybrid simulations. The simulation result:
show that more efficient acceleration is identified in the PUI reflected at the shock than in those transmitted through the shock
The acceleration takes place while the PUI stays close to the shock surface. This situation is similar to the shock-drift or surfin
acceleration mechanism. However, our results indicate that the acceleration is not dominant in the component transverse
the magnetic field, i.e., the direction of motional electric field. Rather, the net acceleration is confirmed in the field-aligned
component. The mechanism will be discussed in terms of the characteristic of the Lorentz force balance acting on PUIs.

The periodic boundary condition applied in the present simulation virtually allows the successive appearance of two CIRs.
After the reflected PUI travels the "inter-CIR” space, it encounters the shock of another CIR, where the reflection again takes
place. While one reflection increases the PUI energy only a few times, this multiple reflection process yields the most energeti
PUI with its maximum energy up to 100 keV, probably enough for the injection into DSA. Recent CIR observations have
confirmed the presence of the energetic PUI in the solar wind between two CIRs, which may prove the present results.
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Study on The Difference Between Proper-Motion of Balmer hydrogen line emission and
Non-Thermal X-Ray emission in SNRs
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KT IEOBE TH 2 L EZ DN TV AHEHERELTIE. IEETFICK 270 ba Vg, KEFETFHH5D Ha
FHREMHIIEN TV S, TS DO OBIIIN 5., EEF FIROEE T 1)L+ —7% ENFF IR FDERICHE S
TeDWDREE 5NTW% (Helder et al. 2008, FEAER R I PR (D.S.A) 1 K% & hnsth: 13 @G % T hind
THLEEZLNTVWADT, XY r7n bu y ORSEMOBEEE 2@ 5 C & THEBRIOME, 3 74%bbil#)T
FIVF=D %o £ Ho BERROKRIED S EEP MROMRED 770 5. KRR FOERHIIEIC K > TRROMF
WKFEEH D SET7ZE 50 Ha HFRZ ST 2 DT, FROMGHRIEICHIG LBz DL EZ NGO TH %,

L L. TS ZDOMFHIFI CHIK T TWB KSR A SN, ZOBRIEREIZ X 2> 7 0 b o Vidhg
6000km/s(Helder et al. 2009)Ho FEFRAHY 1200km/s(Helder et al. 201 KX AEDRH S 12, X fv v 7ok vk
G & Ha BERRO BRI I R 2 AT HEMEN B % 6

AW CIIE RN DA % B E OB EMIE RIS K o THEBR OGHOEE IR AT a2 E ., H5
DR T OB ZEE 2 %, TORMEZEE LTz 3 L0 MHD ¥ 2 2 L—=3 3 ¥ (Inoue et al. 2013555 7% LY
BT % T & T LR Helder et al DFERDVEESHNCHR T E % T L 2RT,
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Magnetohydrodynamic Simulations of the Interaction of a Jet with Interstellar Neutral
Hydrogen Clumps
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An astrophysical jet transfers the energy released near the gravitating object and interact with the interstellar medium. Whe
the jet propagates in the interstellar medium interacting with its environment. We carried out magnetohydrodynamic simulations
of the jet propagation in neutral hydrogen (HI) clumps taking into account the interstellar cooling. At the initial state, HI clumps
are assumed to be in thermal equilibrium. As the clumps are compressed by the bow shock ahead of the jet, the shocked clot
is heated up but since the density enhancement increases cooling rate, the cloud is subsequently cooled down. As a result, cc
dense sheath is formed around the jet. The enhanced density triggers the cooling instability and prompts the formation of th
cold, dense gas.

We studied the dependence of numerical results on the volume filling factor of the HI clumps. We found that when the volume
filling factor is large, the propagation speed of the jet is slow and arc-shaped cold dense region is formed. When the volume filling
factor is small, propagation speed does not decrease so much and dense cloud distribution is more elongated. The distribution
the cold, dense gas and the length of the jet propagation speed depend on the filling factor.

We report the application of this model to molecular clouds toward the stellar cluster Westlund 2 andgdg¥ource HESS
J1023-575 observed by NANTEN2 and Mopratelescope. HESS J1023-575 is located between these molecular clouds. The sha
of molecular cloud on the right of HESS J1023-575 is like an arc and molecular clouds on the other hand distribute linearly. The
difference of the filling factor can explain the difference of the shape of these molecular clouds.

F—I—F: Vv b, BEAR, BRI
Keywords: jet, interstellar medium, magnetohydrodynamics
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