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Particle simulation for plasma thruster
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TS, INDIF—HOFT A b= LBRN, BRI D RAB O BRI ~DOREMEE L L
T, BfRARECHDLZ L AR LTET,

PLEDEENS | interplanetary magnetic field (IMF) 234 HEFICE D HBFIZ ., KHAL S anfa] 72
HEMERTNERLCT D EN, BT A N—LOHEBIIMNETHD I ENSND,

FTEFi% (Computational Aspects):

KGR — S E—EBHEES G ROXA T I 7 A %MAET 572912, REPPU (REProduce
Plasma Universe) Z— REARA I TS, Z0Oa— RTHE, #EEkoL~r6, L~L7, L
A~V 7SF TNz, AEETIEL L8 N LT, 7272 L UL 8IZ oWV, RIEENKEZ WD
DT, WHITELERESN TS, FLIRERE LTREHDO A=Y a VAR L, 22Tl
HEROAN—T g 02Nz, HEREL, YV Eyvay, lo V—AZFEINTWD,

HEER (Accomplishments) :

P 7 A b — MIRERHEOLEE) & AU, YT A =2 EERT HRHES LT, [MFdLo
IRF ORGSR & M OSehiiiiE 2  2 M ER 5 5, Abm & I MF OFRFOBEKBEREG & Vo T,
BEHCIFBE CE e, DR THEMICEWE & RDJbols, EALORED 3 i ClIARMH T 72
D, ZOHT, BOIDERENR S - &b —KIRIGETHLDOT, ThEHFELRTNIX, 7 A



F— AT TERNTHA D,

SFHON—F IS HFETE TWDHDIX, BILDOFFCTHh 5, Z DEFIX interchange cycle (Watanabe
et al., 2018)IC K> CTHHEMHEEIXIFE A ERESTLE D, BEILDO I MF OFREE, BMY =2 x
7 v arTlixdouble Yaxrva bWHTATTNHY ., ZiUuTdehh A7 LA A7 ClA]IRF
WCHAT Y axraZBETLHHDOTHD, LOLIHITAY THH, BaEE ¢kl 270
DFNIET, MAIATIZZNUChOTMNCEN T ax7 va a2 L, BRICIERM I A7)
OEPET, AT ATII O TNCERTY ax 7 varyE2RITHA, b LTRRE
L BETCWIZR DS 27— 22 5, b o332 Interchange cycle TH D, 24—
2FHA 7 )y 7 iZaL ., EEREIIEN R,

gl I MF I, R TH 5, BT Interchange cycle TH Y . Z 3L Watanabe et al.
(01 REINTWVD EBY THDH, MBEIIEMICEET 2L THD, TNEHAMLE S &
DHIFFRIIRIZITAT O TV, REEDOEN D, ZOMER S H2RRER 622 o7, ki
EINF & e—TWGEOY) axr g, ZER) axs a0 Thd, 2 LT, dbmE
IMF & 7T RX<v— ST axrva U ZiuX, Dungey BT/ D, AREETIX, ZOX
972 Dungey Y a7 v a UREEETH Y | ZHIZ K > TRIEELVOFENR RS Z L 2R LT,
K D OfEFICIE, KM L —2—Vaxrsi gy, FIXv— OB EENLTY
DT EWRENT, LNLIDX D RIEENHDBENFET H 2 LIRS n, ZNBNES
& U CREMICHEET DM E I MITEEH L TR,

IMF MBI E D S 2RI, URxHRE b A D D, ZOREOIEEFEEICK LT, MK
R OBGRI AN E DL HITEET 20O ThH, R ED -, MXE R T iok, H
R DRSS MNDICON T KT D X 95 72, EBEGROH A2 E T, Aty hOFHERE
LI EBRROND, EHGGTIIY 7 A F—AIC2 bR, —HEBRTIZ. Aoty MIBERES
DIRNWIRER o TET, L LERICBRcNG Ay FORMHEZ - L b K< HHRT D
B D AR DN TIIE AT,

REPPU 1 — RZAREIZH#EH L. KEMKEIZOWTHFZE 2 D 7=, Nl E (<20 Rj) T
lo 77 X~ Ok « YLBICK LT, RMALEMERT 2 Z &%, B<HLNTWDLN, 20K
BALEX, MM THLHD I EER L, ZOxiE, KGE—mKEHEAER & RRREE TR
RSN DWKE O EZE L 1X, U0 B SN - NG R BRI E T 2 2 L D, RMARLE
V2 O BEEEENCATRET 2 FAC 28, BRI RS d &, EBEE TR T o v VEGERAE
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AFKMR (Publications) :
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Tanaka, T., Y. Ebihara, M. Watanabe, S. Fujita, and R. Kataoka (2023). Radial
transport of To plasma from the inner magnetosphere to the tail, Journal
of Geophysical Research: Space Physics, 127, 2022JA030891
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Prediction of Radio Frequency Interference by Plasma in Rocket Plume Using
CFD/DSMC Hybrid Flow Analysis and FD2TD Analysis
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R BB (Research Objective):

NV IR T AEIRD T N — AP T TR NG ENTODIEN LI
TWD. ZOT TR TER & AT 5720, AT Ousrv e ER o E 2k EZ 5]
SHRZL, MR LM EINMERSIL TS, BARTIE M-V aryhMiniay st~
(L—=ZMHDOIARN) BNAELTZD, BRD Vega 17w b TIETL AN GRITH OKFET —4) )
ZAETERWRYE, ury hOEFICB WO TR REBEERFREL 2> TWD.

RFEHHILTTIZ CFD BB FRIAMENT) & FD2TD (EFARMRANT) ORI LA T
DEWWEDOEETRNILIIL, M-V a7y DO®ikOA 7 araryhoBR%, EHIZ
HEBALZ. — 5, BUEOATIIRITEE 100km R IZEF-TEY, 2N EOFEET
LT HBREETHLZ LD D> TS, 27y NI E & 200km F2 5 FTHRAIT 5729,
ZOMBEORIR RO LTS, JRINERr v b=l v O ) X bO RV &
FETIE— A b L, CFD IZ381) Dt DI E DSFE L 7o 72D EBEEL TS,

ZCARMIETIL, kD CFD ([2hix, A #E1%(Z DSMC (Direct Simulation
Monte-Carlo) Z#:H 7 %. DSMC 1F—#RICL RARGHRIANEE 73, =14 BE O BREET A
PIFAET B 7y MNE B I OWT Y CFD IZXVEFE AN T2 528, T UED
[ZDSMC % 52 TAT7 Dy UL IR E T 5. 3 CITRSTETIE
ATV RIEDZ B MZTEZRL TWDD, DSMC (8 BIT2 7 7 A~%2 &t e )T T L
DT HMENDDH. AR TITEZ S 4 SIZEL, DSMC OtV oL
TR ECOALRRE DR RFE S, DSMC Tl fiffg 23 N 72  AGRE C B L7 D B D
R ICETZINZ 2708 OTFIEICEY, GG R ERRHTRE S A i S2 U700 B O fEHTE
DG IR 7



Fr®EFE (Computational Aspects):

CFD & DSMC 13 b b & & iV E i ZENFTRE CTh D, (L P RINE B T 1Ek
@ DSMC [T EEIC R TT L THHN, ThEAL F A IR T2 T E21TH
CH B AN RIBICELBRD R ENGHD. LIZN->T, A Tldnsryho 0 D7 L—
IR E T BT ERL A5 B 45720, ZHEMIITHT-R Tk A% — 20 AN
METHD. ZZTREEDLIL, LT 2 FO FEEZ g -4 2 5 #H T e 2D 52
gl Oy e

B—DOFIEELT, 163K DSMC #FEhiiL1-1&, TOfENSLRE Lo 7 a7 7 A1
2> TR RS A B AT 515 (LARSEN) 2 VY, KO IERER T 1505 B S a i L
B3 Z&ER A5, 22T DSMC TR EE5 BRI CTLMVEAL TEHT, (b RIGFHR X
LARSEN 72534H5. ZHIZ XY, MERMEN FO oMb Mg L ed. U TIhz
CFD-DSMC-LARSEN &FE5.

LARSEN TUZ, Wi#H I EE S <ZEMDIRAUTIMDFAEL RV D SR E 2 2 <
tEO7280, BRI ENIRESITLEIATREE N ®HD. 22T, 8 O FiEEL T, Species
Weighting Scheme &FFIXAVHFIEDEEET o7, ZOFIEIT Boyd HIZEVIREI NI
DT, TR FIZEAEAZFI YT, F—bFHEOT X TORA DR CEALFFOLIC
RIET . BABERIT a— VB (BAERL A7) O EERLF5) 2 e U5 2L THEER
DErEFGS . BEETOER LT RLX —O T2 H/RIIRIFIE 52 TR
7eHEA HHEPR 5. Species Weighting Scheme (a8 72 5t a2 ANE I 2 DOl &b FFl
ZIEMEIZFHR TEOM R AR D, LARSEN (25 CFD-DSMC ONA7 Uy RFIEZIT T
BN R D FHE N AT RE L0 D Z LW RS IND.
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%7 CFD-DSMC-LARSEN ZBLG: 8 BLfifi7e 22 T L SNIZ BT HE ecm A7 — /LD /)
W )AL Da— A R7a— (KOG L) duZ@ AL, CFD K THEL N fiL,
CFD-DSMC-LARSEN % W THELNI-iEED Ll 21T 7=, FEE, CFD BARDMENT CIk
N BRI 2B Z R L T2 U FE D34 hY CFD-DSMC-LARSEN TlioESi, A
FENEEEERA T Oy D X727 R D/ XV ROSTRO T IZIE L TV D
AIREME RSN,

%IZ, CFD-DSMC-LARSEN O FEE L T FH#iHZ RARD 5725, DSMC (28T,
AV R SO G T BRI CEME L7 — AL, b SN —AD O DfRD
A T o7, Biffi{bIn/cr—R1, SHRARE T 570, FOFEE T/ /350K
XS FEETICREL, (LFERINEBEL TRV, ZOREE, Bk —Ax T+
FEBE D EWEE RESNZ. ORI, DSMC Ik TELNDEERIZT/L 5 ROE
WSO 5y T O RGN RENZEEZRLTERY, sHEBEL AL EERHE R R 08



HEIZR B LT E 25, DSMC O ST, LRI E DOFENG DI EF 503/ IS0y
IERAE X, KTFIEONFNEX DN A HEL 725,

Species Weighting Scheme

RIZ Species Weighting Scheme (Z- DWW Tk 5. FTARAF —LZERKD DSMC 22—
(ZEAL, B EMER y 1 IR 22 D FEAEA T2 T L, B & &K O 1 /LF — (R AF D PHEH
FANTHNL TWAZ LA fERL. L COMY XV OFEICEAL, #F5iEL T
BCIXHLNE T E G215 LI BN LT, €3k DSMC CIERHE DM HE T Dk
Toho7-72, LARSEN (ZXDBAPLE|THLZL7e<ury b DU 7V — NI Y75
fihr & i T LI D DB TH D, BUE, LERIS ORI Z L, FRIHRGE
EHEDTUND.

oy, Bl R i a6t LT, CFD-DSMC TFEZFDOL OO FHENREE D L3
FaANERORFEEIT 7. BIROEZEF D/ N Vb0 a— ) VR 7 o —itiva xt
12, DSMC DO AR O S B EINS 52 L CRERBRIEE DREEE /NI 252
IR UT-. FT7, TRV TET- CFD DAYy 287 KK 1/20 £ TR BT
FTAN I ART 45T o122 A, Ay 2B FEROREEIIZEA L BN EN D)
STz, ZHUZED, CFD 123N T— RO i fEI D A+ 43 IEFEI ARG H Sk T,
ZIVINSBENT AT REIR DAY ¥ 2 TSI E S TH R W Z VRSN, ZORERITS
B ONAT VY RFIEICEIT D CFD O KIg/2 5 AR CH ik CE D [ REENH5.

LLE, CFD-DSMC DA Uy RFIE TR OSSR Z ES T2 O DB R ATV, TDOHR)
PR LTz, A%, TNETORRE R —JBORE - EaA O KEEZXY, LK
JETRE RN TR E BB E SN, FD2TD 1E4 L CEM IO ETE25% T
SH, ARSI TWAEEOR Y M-ITH ORI IS ER RO T — & LD g%
1ToTu <.

2R (Publications) :
(BR30)
1. V. Charton, et al., “Investigation on the Hybrid NS-DSMC Simulation of a Nozzle Flow

Ionization in a Rarefied Atmosphere using a Post-computation Approach,” Journal of

Evolving Space Activities, Under review.

(O8A)

2. V. Charton, et al., “Investigation on the Simulation of a Nozzle Flow lonization in a
Rarefied Atmosphere Using a Post-computation Approach,” The 34th International
Symposium on Space Technology and Science, June 2023.

3. V. Charton, et al., “Contribution of a Hybrid NS-DSMC Methodology for Rarefied Jet



Flow Simulations,” The 11th Asian Joint Conference on Propulsion and Power, March
2023.

Hi i ER— BB, fl, TRUSHE~DIERICIANT 72~ 7 U » K NS-DSMCIAIZ &% / A
JVIRAEST O ), 5 37 BB )y AN Y T A, 2023 4 12 .

V. Charton, fi, [Hybrid NS-DSMC/Species Weighting Scheme D77 K&+ / AL
HA~OWEM ], 5 63 [Tz B - G H HEME G /LA ST 2024 4FEETH R/ 5
[EI 6 RS VAR YT A, 2024 3 H (BERTE) .

V. Charton, et al., “Prediction of In-Flight Telemetry Attenuation by an lonized Solid
Rocket Engine Plume at High Altitude using a Continuous-Rarefied Simulation
Methodology,” 2024 AIAA Aviation and Aeronautics Forum and Exposition, July 2024,
(To be presented).
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Investigation of plasma detachment process in an unsteady magnetic nozzle
using Full Particle-In-Cell simulation
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W IBRETHEEARNEL, 7T A~ IR A D, KRR DT
WOIZHIE LTZGOIRNEDL Y | 77 A~HOMGIITHD b —F, 77 X~
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WCEHL, v TF AL M EDOREEZED,

SrEFiE (Computational Aspects):
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DT, 2T TEHAE L TWD, A A LB FOWM G B MER & L THRbi, &
RS T ABRZE 53 e [ BEIBE TR 2 L T %,
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1. JESA/ 34th ISTS | #%fi L. BIfER i

Title : Investigation of the Electron Detachment via Electric Field Fluctuation in a Magnetic

Thrust Chamber for Laser Fusion Rocket

Authors : Naoki Katsura, Tomihiko Kojima, Naoji Yamamoto, Taichi Morita

(OEE)

1. Naoki Katsura,Tomihiko Kojima, Naoji Yamamoto, and Taichi Morita, Relation between
the Electric Field Fluctuation and Electron Detachment in a Magnetic Thrust Chamber for
Laser Fusion Rockets, 34th International Symposium on Space Technology and Science,
ISTS2023-b-56, Kurume, 2023 4 6 H
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Generation and transmission mechanisms of the electromagnetic energy during storm and
substorms

MERKE : Fth £ (BHEXRFEFHMKIREMRERA)
kikuchi@isee. nagoya—u. ac. jp
Y D HF Ny 77 — 7 — Z T - (RIERRE T T K D HL AT
MRSEE  BERWEH CRBXFZLEFEHRER)
ebihara@rish. kyoto—u. ac. jp
Y UL ALy Ry ab—y g v a— RIS L SR
MESEE BHFh S (AMKEHEFEREMEELCZ )
tatanaka@serc. kyushu—u. ac. jp
Y MHD 2 = L —3 3 o — RBAE & HG T
MES,EE  BFEH &  (FERIATLHEEE - HETEEEMERD
sfujita@mc—jma. go. jp
Y D MHD 3 2 = L—3 g T & B ERRT
MAEMEE BAAEF (BEXBEXF)
hashi@kiui. ac. jp
Y HIREA - L— & — T — ZRTIC & D FGHRMT

A

HMEEHMERKR (Research Objective and accomplishments) :

IaE SRR R VT & FERIERE E J8 R CHERK S 41 2 e < PB B B PR B v R K 1, REXUR. « 3
T A b= LD T )L F— % FURHE R AR IE O R ~E S KBk CTd 5 (Kikuchi, 2021
AGU book), {RBE IR Z T — X ORI FERER & Ao S, 2 BIRRER
(2-conductor transmission line) IZEH N5, BEEERE D) ¥ — Eiiikx
Tt HIERF I A TE R ER & B 7p Sd, HRMARIERR (Lossy transmission line) T
B I 5, Wik FEEEE &R E E B 2 A S Bk E B g (s 25 8 (16
ionosphere—ground transmission line) %, FRIEEEEERE S ORIE LN D 7 a— 3L
EHEE BRIV X — 2 e 2 EER IRV —TF ¥ RNV Th 5, EHEEE &
X, TRAF—EEEH Y LEFICZ 2L X —HE % HH#H 5 Kikuchi, 2014), =%
X —D—FITHERNTE MR A L, HIERIEICENM ZZAID 72372012, # EoE ik
A R E BB (GIC: geomagnetically induced current) Z 39 (Kikuchi et
al., 2021b; FEA&LHIH, 2024)

165 PEl — FE S — B AHEBRE S RO EM = AN X —(BEA D =X LEZH LI L
TWL72Iz, 7 m— Vit & HE Doppler ¥ 0 o & —@UHINC & 2 EHEEEY &
BN BLOHEEN Ry U= EEH TOGICHHT —Z 2 LV HEK S (SC:
geomagnetic sudden commencement) & %7 A h— AWFD T RV X — (51D E BT &



BV, REPPU &2 2 L—3 g v CHBLS - BHEE B & %m&@w@%ﬁ%%
Z 725 T 7 (Kikuchi et al., 2021a, 2021b, 2022a, 2022b), 2023 4EEEIZ1E. SC DE
W X —REICET 5 N E TOMEZMHEHAL LTE LD, 5%OBEDTMR
B olz (BgHhsE, 2023), AEDO —>TH D PRI DM EREEEE)N 5t
% EBEREET & IR ER O F 5T 2T B o7, M1 (@) ik, AR
Memambetsu (MMB) & = = — ¥ —F o K Middlemarch (MDM) 23 F-#% (X F 4L, 12.6h,
15. 6h) (ZAZHE L72RRICBI <47z SC Z27Rd, SCIE H/X a4y, D/Y plsr iz, Az
¢t/xmm MI THER S 4L (LR Tl SCx(+ -) D X D ITRED) . H/X i iT el
HMIFF 3z SCx (= +) . D/Y A4yt MMB © SCy (+ =), MDM T SCy (- +) TH D, ZnbH D
%xyiﬁtﬁ#%®$%® BB BT L D PG R TH U | SCx IXIRRE IR
BT A B &< Hall STz £V SCy 1X1nE /IR E T & 7B ERERE Cowling Bt %
fit Sl Pedersen EiIC X AR AE TH 5 (Kikuchi et al., 2022a), —JF. X1
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DA% DO EBREE B OB A2 R L CWA R, MM @ SCy (+-) 13k > 2 Th 5, MDM
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PRI L DR X0 b L7z L HEE S D, (X2 IZREPPU £ 7 /WIC L 0 B S L7=rg
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This paper summarizes the author’s studies of the linear theory of tearing
instability called modified LSC theory, which started from Shimizu’s KDK
ResearchReport2017 and AAPPS-DPP2018, and then, was continued about 7
years. Those studies already have been or are scheduled to be published, totally
in 4 full papers [1-4]. Unfortunately, the first paper [1] has been rejected 7 times
between 2018-2024. For the reason, the publication of subsequent papers is also
delayed. This paper may help you to read the first paper and subsequent three
papers [2,3,4]. Author expects you to improve and extend this study, moreover.

1. Introduction:

The modified LSC theory is based on the original LSC theory, which was
introduced by Loureiro,et.al. (PoP2007). In fact, the linear perturbation equations
solved in the modified LSC were taken from that of original LSC. Hence, most
notations in the modified LSC are based on the Loureiro’s definitions, where @
and W are respectively perturbed potential functions of flow and magnetic fields.
The prime is the derivative for the direction normal to the current sheet, where
f( &) is the equilibrium function of magnetic field Bxo. Then, the most important
target is knowing the linear growth rate of the tearing instability and the critical
condition, beyond which the current sheet is destabilized. This paper shows some
topics important to understand about linear theory of tearing instability in my

viewpoints.

2. Equilibrium must be rigorous:
Every perturbation theory must start from rigorous equilibrium. Fig.1 shows

an image to explain that. Evidently, if the equilibrium is not rigorous, such
theories are meaningless or have a delicate problem. At this point, FKR theory
(Fruth,et.al.,PhF11963) has a delicate problem, where a null-flow equilibrium
field was employed. The null-flow equilibrium field is rigorous only in ideal-MHD
limit but not in resistive-MHD. Because, the tearing instability does not occur in
ideal-MHD. Against the problem, FKR focused on when the resistivity is
sufficiently close to zero. Meanwhile, if the current sheet thickness is infinity, the

null-flow equilibrium field can be rigorous in resistive-MHD. In that case, even



with large resistivity, it is rigorous. However, in such a special case, the tearing
instability is suggested to be stable [1]. Finally, employing non-zero-flow
equilibrium field shown in Fig.2, LSC theory completely removed the problem.
Hence, in resistive-MHD, the original and modified LSC theories can exactly
study whether the current sheet is destabilized or not.

unstable
P ey marginal stable

Fig.1: Rigorous equilibrium is needed to study perturbation theories. One of the circles in

the left figure is not in the equilibrium.
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Fig.2: Rigorous equilibrium employed in LSC theory is established by magnetic annihilation,
where magnetic reconnection does not occur. Left is the 2D flow potential field ® (stream
function). Right is 1D magnetic field Bxo. The current sheet is along the horizontal axis, and

symmetric boundary is assumed at the origin.

3. An interpretation of A’-index:

The delta-prime index ( A -index) was introduced in FKR, and then, is
traditionally employed in many linear theories of tearing instability, such as
the original LSC. The index is defined at a discontinuity of perturbed magnetic
field ¥ at the neutral sheet (& =0), i.e., A’=(¥’(&=+0)-V’( & =-0))/T (& =0).
When the index is positive, tearing instability occurs, i.e., the current sheet is
unstable. Meanwhile, modified LSC refers to W”( & =0), instead of the index.

Fig.3 shows how the discontinuity appears in the instability. When the
instability occurs, the current density W”=-Jz increases. It means the magnetic
field ¥’=Bx1 piles up around the neutral sheet, against the magnetic diffusion.
It results in®”(0)>0, and hence, ¥ has a local maximum point separated from

the neutral sheet, 1.e., & =0, because of the magnetic field convection.
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Fig.3: The most-left is the tearing instability in 2D. The middle is the equilibrium field Bxo,
perturbed field ¥’=Bx1, and Bxo+Bx1, assumed in modified LSC. The most-right is Bxo,
U’=Bx1, and Bxo+Bx1 in FKR and original LSC. Note that § cs’<<§ cs.

As shown in Fig.3 (middle and right), the difference between the original and
modifed LSCs is whether the differential discontinuity of ¥ exists at & =0, or
not. The former assumes the discontinuity and solves outside of the discontinuity
as ideal-MHD. Meanwhile, the latter does not assume the discontinuity and
seamlessly solves resistive-MHD through the inside and outside of the sheet.

4. Introduction of upstream open boundary condition:

Another difference between the original and modified LSCs, is the introduction
of the upstream open boundary, which is close to what is often employed in
numerical simulations. There are some types of the open boundary condition. The
basic type is ®=U=0 at & =& ¢, which results in zero-crossing solution of ® and
P [1,2]. The other types are ®=T=0"=0 [2,4] or ®=T=U"=0 [3], which results

1n zero-contact solution.
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Fig.4 : Equilibrium + perturbed fields numerically obtained in modified LLSC. The left is flow
potential field ®o+ta®1 and the right is the magnetic field Wo+aW1, where adjustable
parameter “a” must be small but, for the visuality, is extremely emphasized. For the reason,
the flow field (left figure) is extremely distorted. The upetream open boundary is assumed at
& ¢=3.6. A plasmoid chain of magnetic islands appears along the neutral sheet, i.e.,

horizontal axis of the right figure.



Fig.4 shows an image of the combination of equilibrium and perturbed fields in
the zero-contact solution, where the perturbed field is extremely emphasized for
the visualization. The upstream side &> £ ¢ of the upstream open boundary (&
c=3.6) is physically meaningless. At this point, the physical interpretation of the
outside is similar to that of MHD simulations. The open boundary condition is
hard to observe in Fig.4, but exactly satisfied there.

5. Initial value problem vs eigen value problem in numerical studies:

In those 4 papers [1-4], the perturbation equations were numerically solved as
an initial value problem (IVP). Meanwhile, there are many studies where an
eigen value problem (EVP) is solved, instead of IVP. Many peoples expect there is
no difference in the selection, but those 4 papers show there are some differences.
Since the numerical studies are always affected by numerical errors, the simple
IVP will have advantages. In particular, the behavior of solutions at & c=+o0 will
be sensitive for the numerical errors. Regardless of IVP and EVP, any
approximation or prediction is required to numerically explore the behaviors at
g c=+0, In a viewpoint of numerical errors, solving IVP is close to particle
simulations (PS), rather than fluid simulations (FS). Because, FSs always have
dissipative errors while PSs can be neutral for numerical errors. The dissipative

errors will distort the numerical results.

6. Introduction of viscosity and the non-uniformity:

The first paper [1] suggested that tearing instability is not perfectly stabilized
by any resistivity, 1.e., in resistive-MHD. In other words, resistivity can slow the
growth of the instability but even infinite resistivity cannot stop it. To stop it, the
introduction of viscosity is suggested. The second paper [2] studied the viscosity
effect and also the non-uniformity. In contrast to the first paper, the equilibrium
field f(£) in the subsequent three papers [2,3,4] was modified to more rigorously
keep the equilibrium. In fact, f(£) in the first paper is assumed to be constant
outside of the current sheet, which breaks the differential continuity of f(&) at
the outer edge of the sheet, i.e., £=1.307. The f(&) in the subsequent three
papers [2-4] is rigorous for the introductions of viscosity and hyper-resistivity.

In the second paper [2], it was also shown that the non-uniformity of viscosity
can enhances the growth of the instability. It suggests that the uniform
resistivity and viscosity do not effectively work to attain the fast growth, 1.e., fast
magnetic reconnection. Another remarkable result is the derivation of the critical

condition, beyond which the instability stops. It was also shown that the critical



condition consists of three dimensionless parameters, 1.e., Lundquist number S,
magnetic Prandtl number Pm, and the ratio & ¢/1.307, which is the ratio of the
current sheet thickness & 0=1.307 and the distance between the open boundary
point & c and the neutral sheet & =0. The critical condition may be applicable for
substorms and solar flares observed in space plasma observations. However, it is
still unclear what corresponds to the upstream open boundary in real space
plasmas. Since the real current sheet will be always maintained in the 3D
plasma convections of magnetosphere and flux tubes, any 3D closed equilibrium
field may be considered, instead of the 2D equilibrium field with upstream open

boundary.
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Fig.5: The critical condition of tearing instability. N is viscosity and & crit is the location of

the critical upstream open boundary point.

Fig.5 shows the critical condition obtained in the modified-LSC with uniform
viscosity N [2]. The horizontal axis & crit is related to the intensity of the
uniform resistivity. Above the curve of N is unstable, and below is stable. Large &
crit means when the current sheet is thin. For example, imagine when the
viscosity N in plasma is constant. If the sheet is thinner than a value for & crit,

the sheet is unstable for the tearing mode.

7. Hyper-resistivity:

The third paper [3] studied when tearing instability is caused by
hyper-resistivity, where resistivity and hyper-resistivity mixedly work. Before
exploring the perturbation theory, the rigorous equilibrium was numerically
obtained, which is determined by two inflow Lundquist numbers Si and SHi,
respectively, for resistivity and hyper-resistivity. Then, the perturbed solutions
were numerically obtained on the basis of the equilibrium. Hence, depending on
the ratio of resistivity and hyper-resistivity, the equilibrium magnetic field was
modified from when resistivity only works, where the equilibrium flow field was

fixed at that of the second paper [2]. Eventually, it was shown that



hyper-resistivity steadily enhances the growth of instability, rather than

resistivity.

8. Improvement of WKB approximation:
Fig.6 shows the image of the growth of plasmoid chain formed in plasmoid

instability [1,5]. In Fig.6(a), plasmoids are generated around the origin, and then,
move to downstream, i.e., the right of the figure. Since the movement of the
plasmoids 1s accelerated in the sheet, the wave length lcs is gradually extended,
as it moves to downstream. Fig.6(c) shows the movements of some X-points
formed in the plasmoid chain, which is accelerated, as time proceeds. For this
reason, in original and modified LSC theories, the wave number k of the
plasmoid chain changes in time. However, the original LLSC solved when k does
not change in time. That is the zeroth-order WKB approximation. Meanwhile,
modified LSC solves the first-order WKB.
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Fig.6: The growth of plasmoid chain in Plasmoid instability.

In fact, the fourth paper [4] studied the first-order WKB approximation in the
modified LSC. Originally, the perturbed equations have been introduced by
Loureiro, et.al., (PoP2007). As reported in KDK Research Report 2022, most of
our studies have been already completed, and now, the numerical error check is
being extensively made. The improvement of the WKB approximation tends to
suppress the growth of the instability. Hence, the current sheet is more stable
than that of the zeroth-order WKB case.

9. Intermediate shock problem:

The problems of tearing instability and magnetic reconnection process are
essentially related to the intermediate shock problem (e.g., T.Hada, AAPPS
-DPP2020). It suggests that it is important to consider outside of the current
sheet in the viscous-resistive-MHD. In other words, uniform viscosity 1is
important to stabilize the current sheet. At this point, in non-viscous case [1],

current sheet is always unstable, 1.e., cannot exist. Rather, since current sheet is



commonly observable in real space plasmas, that must be often stable.

10. Conclusoins:

Plasmoid instability may be interpreted as an instability driven by plasmoids,
i.e., through a kind of feedback process of the plasmoid movements. If so, the
concept 1s essentially the same as that of the spontaneous fast reconnection
model introduced by Ugai (JPP1977, PhF11986, etc.). However, the spontaneous
model is driven by anomalous (.e., extreme non-uniform) resistivity, resulting in
steady state Petsheck model. The plasmoid instability is driven by uniform
resistivity, resulting in non-steady state Sweet-Parker model, which is a
turbulent model. To attain the fast magnetic reconnection required for substorms
and solar flares, the non-uniformity of resistivity and viscosity will be effective.
Plasmoid instability established by uniform resistivity and viscosity may be a
candidate for the fast magnetic reconnection but those author’s studies [1-4]
suggest that the present numerical studies of the plasmoid instability must be

carefully rechecked [5]. Historically, the science is always developed by reducing

errors, which includes numerical errors in numerical studies and instrumental
errors in observations and so on. The MHD scenario introduced by Alfven may
have any problem for the application to real plasmas, and also, the perturbation
equation introduced by Loureiro may have any problem. However, reducing the
numerical errors, it is firstly important to try to exactly explore the mathematical

characteristics included in the equations.
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Development of measurement technique for atmospheric disturbance using radar inversion
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Fig.1 Calculation model. The thruster consists of a dielectric, RF antenna, and solenoid. A color
map shows the magnetic field strength and solid black lines indicate the magnetic field lines.
The polytropic index is analyzed on the dashed orange line, which is along a magnetic field
line. (Reproduced from K. Emoto, et al., The 11th Asian Joint Conference on Propulsion and
Power, Kanazawa, March 2023)
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Fig.2 (a) The polytropic relation on the dashed orange line (see Fig. 1). Solid black lines are
visual guides for the theoretical y. (b) electron energy probability function at (x, y) = (2 cm, 0.2
cm). Dashed black lines are plotted using the least squares method. (Reproduced from K. Emoto,
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in the Earth’s dipole magnetic field
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Particle acceleration and heating associated with kinetic instabilities in collisionless plasmas
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Particle simulation study on the antenna impedance characteristics in the low-frequency range
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Investigation of the acceleration of interplanetary pickup ions
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Test Particle Simulation on Wave-Particle Interactions of EMIC waves and Obliquely
Propagating Whistler-mode Waves
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HZE BB (Research Objective):

Wave-particle interactions with whistler-mode waves and electromagnetic ion cyclotron
(EMIC) waves significantly influence the behavior of energetic charged particles within the
Earth's and other planets’ magnetosphere, altering their energies and scattering their pitch
angles. These wave-particle interactions play crucial roles in the dynamics, distribution, and
energy states of these electrons. Research and simulations (e.g., Hikishima et al. (2010),
Miyoshi et al. (2022)) have reported evidence of electron precipitation driven by
whistler-mode waves, primarily under conditions where waves propagate parallel to the
magnetic field lines. Despite these findings, the effects of larger wave normal angles on
electron precipitation have been observed (Zhang et al., 2022) but not yet explored through
simulation. This gap in research is significant because the resonance conditions for waves
with normal angles near the resonance cone differ markedly from those for parallel or slightly
oblique waves. On the other hand, ion acceleration induced by EMIC waves should follow a
similar process to electrons accelerated by whistler-mode waves. However, so far there is no
research discussing this topic.

The first aim of this study is to examine how electrons respond to interactions with
whistler-mode chorus waves across various wave normal angles. The second aim is to check

if the EMIC wave can really affect the ion’s motions around the Earth or other planets.

EF®FiX (Computational Aspects):

For the first aim:

We utilized test-particle simulations to track electron trajectories and create numerical
Green's functions according to the results of the test-particle simulations. A Green’s function
represents the altered electron distribution following their interaction with the target waves.

Our analysis included 12 wave models across three amplitude levels and four wave normal



angle variations, encompassing parallel, slightly oblique, and very oblique chorus waves. We
conducted these simulations within the Earth's dipole magnetic field at L=4.5. The number of
electrons that produced a Green’s function is 3,600. There are 51,000 Green’s functions for
each wave model, which we call a Green’s function set, with initial energies from 10keV to 6

MeV and initial equatorial pitch angles from the loss cone angle to 89 degrees.

For the second aim:

We first tried test particle simulation of an EMIC wave and protons in the Earth’s
magnetosphere, but the gyro radius of an ion is too large to perform wave-particle interactions.
Then we found that Jupiter’s magnetosphere is an ideal environment. It is a preliminary study
so we tested a simple EMIC wave model with constant amplitude and constant frequency. We

evaluated protons from around 240 MeV with various pitch angles and at various locations.

For both aims, hybrid parallel processing including MPI (Message Passing Interface) and
OpenMP (Open Multi-Processing) is adopted for efficient computation.

HERBEER (Accomplishments) :

For the first aim:

We comprehensively surveyed the electron precipitation induced by various kinds of
whistler-mode waves, which contain various amplitudes and wave normal angles (as shown in
Fig 1). From the results, we know that: (1) The most important factor that affects electron
precipitation rate is wave amplitude. If the wave amplitude is large enough to perform
nonlinear wave-particle interaction, the electron precipitation is critical. (2) The duration of
the wave subpacket will also affect electron precipitation. It requires more investigation in the

future works.

For the second aim:

Through test particle simulations, we reveal a nonlinear process called relativistic turning
acceleration (RTA) by EMIC waves that can accelerate protons from a few hundred MeV to
around GeV energies. We conducted various numerical simulations, adjusting initial
equatorial pitch angles, wave amplitudes, wave frequencies, and radial distances to observe

these effects. The RTA process is one of the reasons that form Jupiter’s radiation belts.
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Integration of high-resolution plasma bubble model and whole atmosphere-ionosphere model
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Ebihara, Tanaka, 2023)IZOWCHIEEIT-7-, 2 2 TlE bkvﬂiﬁﬁz &

100 keV #&E DRI EHOWTHET 5,

NEBRE BB IR 2 7 RV X — 2 OB DI STV b, R R T
1% 100 keV 2253100 keV D =R VX —Z OB DT T v 7 AL yﬁ@t 7 HIEL
NTWn5, TRAX =AY MV ECTRERICARZD Z Db T TG L
FEENCTWD, Uy - T LU FENENRESE O L=1.5 TBHILI-EF+DET
7%@%%ﬁbxﬁ%ﬁ;i?77%mi ELTHELDDL, MAREDBZ D

AlCELN., BT D 2 & 2B 55T L7z (Pandya, Ebihara et al., 2024), L7»
L/L15&W9@W$@ B THEF7 T v 7 AR HEEART 2 BRI X <
A3 TR,

HHEFE (Computational Aspects) :

2017 -9 H 7-8 HIZBIHI SN KGR/ NT A—X % 70— )L 3R MDD v = b
—3 3 > (REPPU, Level 6)IZ5-%2. XAz B LT,



AR (Accomplishments) :

L=1.5 & W) ENEMESE T 2015 43 A 1-31 BIZU 7> « T LRI > TH
MENTZEFT7 T v 7 ADEE % Figure 11”7, HREFICIIY 7 7#EEIXLE L
TIFTEL., Dst #6588 (Figure 1 54 3 0) BEHMB TR 5 & (BKANBZ D &)
Y7 IREENEIND Z &N h D, AMPERE 2 BEIC X - THEUA & -tk 2 i 5
BIRBE BB B A FF 2 SRR T, RIRHIREROHEN L €7 T S0 F
BT DN AEE L TWD I ENbnd,

L=1.5+/-0.02 and T +/- 15 Min ; Van Allen Probe-A + Van Allen Probe-B/RBSPICE 20150301 - 20150331
i Nl W7 Ty T I kG [ i
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Figure 1: 201543 A 1-31 BIZBRIESNZBF 77 v 7 AOEEE (BB 1 /3%,
eI ETF OEB = XX —), BIRZENIBEIRETROBRE (B 2 R ),
BY 777 20—7[k (Aj, GIRBEOIREROKRE, 3 3FNV), B
BE&ET Sym-HiEH (B4 /%) &7, (Pandya et al., 2024 ZKZE)

7a— VMDD &R 2 b—3 g U CETEBRETIC BT D 2Rk RER & L=1.51Z
B 5 HRPEH M OES E, ORRA Figure 2 1277 d, RINBEIBETR M % & 76
W& OEGVBEMT D2 RN onbd, T8bb, LT X 5 IZEBEREZ /T L TR
JE & TRINEBIE S 3G & L TV D ATREME DS & 5,

O BERMZERIS M 2 W < & MEREES & TS L7230 0 OREIRR % RSB
FEBERATE CRGE T 7 X350k | TAXVEEMET 5 & &Ik
¥iEEE A AR T % (Ebihara and Tanaka, 2022, doi:10.1029/2021JA029991),

@ TNRNTT T A DOREEZ T DT, BRI - Tlde LIRS 72
VN, RER BB EE B AT R4 LT 7 U IR TR R RS 7 111 i &S AL sk
WA, Region 1L E LTI BN D INEEIIREEDNT & 70 > CEBEE T 5
(Ebihara and Tanaka, 2022, doi:10.1029/2021JA029991)

@ EBHEEEESMERE IS Y (Kikuchi and Araki, 1979, doi: 10.1016/0021-
9169(79)90094-1) . BEZ/IBRZIR » TR KBRS (Nishimura et al.,



2010, doi:10.1029/2010JA015491; Ebihara et al., 2020,
doi:10.1029/2019JA026998)

@ WEKE T SN TV D EF M & EBHIC L - THIERK G M (BRI
B&) Z3#E|X4 5 (Pandya, Ebihara, et al., 2023, doi:
10. 1029/2022JA030950) ,

RF
X

1 X 10°° Simulated outcome during 7-8 September 2017
05— f— cC =-0.85
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Figure 2: Za— 3V MHD ¥R =2 L—3 g THE 72 201749 B 17-18 H D%
SRETIZBIT 3 2RI ER (Total FAC) & L=1.5 DERPIZBITAEES
mDESRE, DEFR, EEENIET, HEREIZ-0.85 ThH 3,
(Pandya et al., 2024 Z&%)
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Figure 3: IRNHEIMREN & EMEEER (FEhE
EES) DOBRERTHEAK,
AFRF (Publications)

Pandya, M., Y. Ebihara, T. Tanaka, J. Manweiler, and S. Vines (2024), Intensification of the electron
zebra stripes in the Earth's inner magnetosphere during geomagnetic storms, Geophysical Research
Letters, 51, €2023GL107822, doi:10.1029/2023GL107822.
Zhang, T., Y. Ebihara and T. Tanaka (2023), Nighttime geomagnetic response to jumps of solar wind
dynamic pressure: A possible cause of Quebec blackout in March 1989, Space Weather, 21, 11,
€2023SW003493, doi:10.1029/2023SW003493.
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Geometry of Dungey reconnection and its relation to the interchange
cycle during periods of almost due northward interplanetary magnetic
field
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HFZE M (Research Objective):

beb e TMEMBBREDZ 0 — VKA I 2L —va KO ART - <
¥ MVIRBEIRRE TR OBEEL & W) BEECTERIRS N DR, Z o5 m ClItEREN
o T, —HREOWIEIE, WAL OF R RICH R & B 2R %2 N 2 TR
LI R TR VBRI D T, BB DRI OV TERET D,

M 22 MRéYs  (interplanetary magnetic field, IMF) P lA] & BREZIX, BREMARESE C
HER D PARE IRRDBE & . ARSI R TR (m— 7 RODE) BT S Y 2 x
JyaryiniIb, —HEDY axs v a it Dungey () U axs g LT,
Dungey U 2R 7 ¥ 3 N X DWANEER L Dungey ¥ 7 /L L FEEIL T 5 (Fig. 1a),
ZHUZH L IMF REAGISIEWRHE, 37 IMF & —EROon—7 50" axs v s
YEE I L, BTSSR o m — T s & MIER D PARGIG DS CRPEER T Y a7 &



arERIT, —#HOU aRx Ty v a IR () Vaxsvay BT, Y
IR Va3 N K DREARIEERIIAHAY A 7 L E I T D (Fig. 1b), 284t A 7 v
IR R B R E Tl 2 v |, EEERE IR B N SR R OX R L E LCHR D,
—ﬁf 15U 2 08 C U ER 7 [ L& 1T 2 PARE AR 23BN S A, A AR SR RERE L 2 13 IMF

y IR LT s Vs HEBLT 5 (Fig. 1c) . 245 OB T IMF b\ % T4 Dungey
Uﬂ*&Vayﬁﬁﬁﬁézt%%@bfméoiki<%ﬁ\%ﬁ%®5$ﬁ\m
KPR 2 2 b—a VO G . Dungey Y 2 X7 ¥ a VRS AGA F LT RS
BT /L C Fig. lc ORMAXHAEBRHAL TWD, 20Xk 92 IMF NEILICITLS TH
Dungey Va7 a U ELDERDE, (1) ZD Dungey UV a7 va LED
KO WIRTEZZ2DH, (2) Dungey YA 7V EZEY A 7 VT HAFLIGD D,
72 EOSRINBENTL B, TNUHOERMIZEZ D DBRAMETH D,

(a) Dungey cycle (b) Interchange cycle (c) Extra nightside cell
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Fig. 1 #EHERE CR.7= (a) IMF F§[f) & BE Dungey 1 7 /L, (b)IMF dLih) & B2z fatr
4&n/@nMRtﬁ%ﬁ®&@ CHETEAN D6 L. W LY IME By<0 THEEER
e DTN D . BRR IR AR O BIBABE . M=merging cell; R=reciprocal cell.

#THEF % (Computational Aspects):

o3 HRFE O HF B LT- RIS E T /L Reproduce Plasma Universe (REPPU) & >
T, IMF JEa) &R (B=6nT, Kfatf 0=—20° [By<0]) DHEE H K B2 FELT 5, RIZ, 55
AT R 58 D K I 15 (null-separator A#18E) 2 Dl I SA RIE T 5, 8% e AL
FERIZ 1 BT 25, SRR, G ARLT YV VB DE A A - Iﬁf\ﬁ]\/lx

EE TS, BAEMEESROFF 51X, (++ ) F2id (- —H) &2 OBFEI/FFI27e 5, RIS
725 2 OOEAMIZRIGSTDEAZZMIT., RSN TD 2 kot / TR A (E
[, fan) (2720 %0 1 SO BEA MBI T DB A 22 MK PR BHR T 5 1 ootk
XTI A (y 2, spine) 12725, FIERFOZ N—TREFE LI T miBBfO 7 w77 2% H
WT, BB PESSR TS T mEBHL X mORHR (L —2) &Rk DH, L —
X DIGIREB XL —4 EDOINEEIHRESLHD Dungey Vaxrr/arzRIEL., £ DEES
292,

HEHEER (Accomplishments) :



Fig. 2a 13AL Y- ER D BREEIR T2 /L (1KV 5O @) SR IR o B BAEE R GRS BASE
1%, FANBHFEL) 2R L7ZH DT, Fig. 1b O/F —U 3 ELNTW5, TRLBRMANCIZA
IELW R, 20 I 4% A TV A, M IE merging cell, R |Z reciprocal
cell 7L Fig.1b DASHAY A 7 N AAERL TUD, L & lobe cell T Fig.1 TIX&EEL TV 7
WY, Fig. 2b 13332 —1a THRLIRE D 2 SO MR (A, B) &, 22065
T 5 L (Za, Zp) ZBHLIZHDOTHD, A7 EIEREEIRL THHH, X #ilik Y #il)3 i
B 7 CLfEDLIND GSM IR R EIIFF 5N ERL 725 DT 725 T D (X=XasM,
Y=-"Yasm, Z=Zasm) o B A MERONMLE X, A=(1.1,2.9, 14.6) . B=(1.3. 3.1, -14.7) (L
ITHIER 1% Re) . FBEAEILOGFIE A —+) . B+ + —) THD, Za L g DA
A & B &S AL —&T (BEMIIERMAID 2 KbD) | ZbIIE I Thbd b,

- Closed
I Open

Fig. 2 (a) tHEAE CHBISNZALFEROE S BEEE R 7o v b, RT v VBRI
1kV 4. M=merging cell; R=reciprocal cell; L=lobe cell. (b) 5% CHELSII-HEE D
2-null 2-separator f#1t. A, B 23 AT, Za, S IEENZENNDIETDH 2 ot/ N7
7.

Fig. 3a 12 A sSUTED Sa i BT (LAY A TIRIE LS SRe OH) | 88 /#k (RET AR
LRt IR EYS () 2R LI O THD, L8k (+Z M) 2B ek (—Z ) ~R AL
TEAZI2 o TUNT, ZER KRG TR B3I 10 Ch o, #8EORE IR Fig. 2b TR =&
RL—HThb, B3 —2 IV (L) f3m eke—7 LEAfEIk OB R ¢, 3L —%
F04 F5 (TR IMF S ke —7 DR Th b, /3L —2 ZF T CIIms i L ikim
XD IRREY (F) 03, B \L—F X0 L T TIEBE I8 7 M O I 18 B (OR) 35
EL, ThEhmn—7 — k) a2 ay  IMF—dbe—7Vaxsoa Mz > T
HZEERL TS, WG X i EICRFEPEDEL LS fan reconnection TH D, ZiLHDY =
K7 aldb, Fig. 1b BL W Fig. 2a DR A7V SV TS, EZA T, Fig. 3a
EISADE, T<OTED, IV R Z O IRk IR ES (5 ) BBz L —4F |k



(ZH AL —F EIZb$HD, 2L fan reconnection O H AR/ IER /BT D separator
reconnection £#& X HTENTED, T70b0H | MAIZBIL T fan reconnection T, /i B IZ
BHL TIZ spine reconnection (272> CUW\5, & /L —% EDOIRRE IR B, B - AR X
JiEh | IMERAEHEE[RIC Dungey Vi al I CWAHIEE BRI 5, EHEE T
I% Dungey VA7V D IREIT B2 720208 (Fig. 2a) . BYRICRARE R 2 e bodu, AR TCRARL R
PELNDIEFE DAL T D, BT Fig. 3a &2 K< A D8 BEK RS TN — 203504
FIHNZHI D> TNALZENR DD, ZOMIAIL Dungey Varr a9 <35
B,

(b) Potential field

separator E,
/ 0.0003
g 0000257143
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Fig. 3 (a) Za LOWEIIHR (GiAR) Bk IR ES () . LA A DR NIEIE SRe DFE
WA R TV, BB AIT '/ L —H (Za & S DAZHR) . (b) BT o v /L EES (1] 2 13X k1
Wil — G O ERALE) O%A D Tl ORI E. (c) Fig.3a ORI FH.

Fig. 3a ZHNMICRK L2 DN Fig. 3¢ THD, BT SGEEHZ I DR IO TE
(X, R a7 a A EIRICE D, ZNE BRI T v Vg D356 (Fig.
3b) EHEE L THAD, T U VRS T, Tl B CRODBITE S —& () 12855
FONTHER HFPE U O< (Fig. 3b) o ARk 7 g N2> TnHEEIT, Fig. 3¢ DX
2V PDHX line (ZHET DI N BUIET T 5, ZHUTf VY, £/SL—F% Fig. 3¢ D
RRICRE R M m T TR A TINS5, 2072 §l TR IR DR B 0 2L —
Z PIZHIRMNRT K720 ZOHER Dungey Vax/ial 325, ZHUH@ Dungey V=
Jar A ISR TEIT X Fig. 4a, 4b D XH12725, Fig. 4b 1X S FEATHESC
FLR RN | BERE 6 R BOFATEOIZ R A D, 727210, 3 IRoeDVaxRria i
PEREIBRIC BT D AT D ANVE DO RARE THY, 2 otlaxriar Oty Ths



[ AEATRES D72 E WA Z | % 3 IRTTITIRIE T D DITRRD TH D,

LZ AT, Fig. 3a, 3¢ TH7=XIIZ, Fig. 4a, 4b ® Dungey V=2 %2 a1 Fig. 4c @ south
lobe-closed RV ART T a D AIRDIERE LU TENLING, R A7V EIAF LGS,
Wi E 21X, Fig. 4a, 4b ® Dungy U= r7 221X Fig. 4c @ south lobe-closed V=2 %7 g
CIFEAEXBTEZRN, B2 1T ERGEIEIC A > TR IR ENER RIS H T AR
MABLELT DL CTEDLN, JEHAUIRN TE DI DR E Wb > THDHO0E W5
Z LT TEAR, Fig. 4a, 4b, 4c D 3V x 7 a OXBNIM &AL S 25, £7-. Dungey ¥
A7 WX Fig. 1a O TIITFAE TE720 W, FE 2ER T north lobe-closed A&ZHaU R =
(Fig. 4d) 2T L TR A7)V EHAFTED, 37205 Fig. 4a THIRT-HE )M OILE#E
Fig. 4b D@Q&7241573, Fig. 4a DDIZZE D FE TIIA M D Dungey Vax7a IS NT
E72, LorL Fig. 4d O ax a3 U, 1@ & L THE A Dungey V=%
I A IS INTTE, AR Z S TN TED, ZNERKY12/V (hybrid cycle) &
A TUND. Fig.4a, 4b, 4d (2B T, RILETF ORI THRIT frozen-in (ZLVRE R DM s S
HIEERLTND,

(c) S lobe-closed interchange Rx

(a) Dayside Dungey Rx

Fig. 4 JLEROBKHAMEREF TS (a) Bl Dungey V#2722, (b) 4 Dungey
Vaxziar, (c) Mr—7-PHEEAHY 2 s a . (d) 3R EEROBS PR T
THRZHAbn— 7 —FAME A H k7290, Fig. 4a, 4b, 4d DRI CEF TSI frozen-
in CIEIXINDHTEEEEL ., Fig. 4a, 4d, 4b, 4a,- « - TR A7V (BRI aR 7 a TER
47z Dungey A2 /V) Z K3 %. Rx=reconnexion=reconnection.

2FIRH (Publications)

(A88)
1. Masakazu Watanabe, Dongsheng Cai, Peikun Xiong, Shigeru Fujita, and Takashi Tanaka,



Magnetic field topology of the magnetosphere evolving polar cap bifurcation in the
ionosphere, Japan Geoscience Union Meeting 2023, PEM10-P17, &, 2023 4£ 5 H 24
H (2023 45 H 21 H-26 A).

C VEDIERN, EAHUE, RETHR, R, HhE S, MRS ORG MReY —, 5 154
[ M ER FEAE 5 - HUER SR BB 2%, RO06-11, {77, 2023 42 9 H 25 A (2023 4 9 H 23—
27 H).

. Masakazu Watanabe, Dongsheng Cai, Peikun Xiong, Shigeru Fujita, and Takashi Tanaka,
How does interchange reconnection proceed in the terrestrial magnetosphere?, The 14th
Symposium on Polar Science, OS-O-14, 37)11,2023 4= 11 H 15 H (2023 4= 11 H 14 H
-17 H).

B AAHEDONFITLL T TRERTIE
. Masakazu Watanabe, Dongsheng Cai, Peikun Xiong, Shigeru Fujita, and Takashi Tanaka,
Geometry of Dungey reconnection and its relation to the interchange cycle during periods
of almost due northward interplanetary magnetic field, Japan Geoscience Union Meeting
2024, T-3,2024 45 H 26 H-31 A).
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Analysis of Potential Structure near Spacecraft in Electric Propulsion Plasmas
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HY . 3RTEHE/NA T v FPIC O— FICK HETERKEER

LB B (Research Objective):

UTAE, BRI IE e & b L C 10 fSREEOREMRELZ AT 5720, RFH
PR O EHEMERS 2> O P AT O RBGIECH0E A £ C, TOHBITIERDO—&%
WoTWb, BRHEEDOEDTHEIA AL AT AHXIL, A4 R E BRI HRERK
SIDHN, EFEEERFCIEA A B — A L BWE FORHERENZTFERL LD X
IMHEND. ZDEE, AT AL TFRICIE, A4 —2n L RRHEER S ER ) H
L CAEMRENDIHEB R ASH A 4 (CEX A 4 V) &, BFEZRIFE L T 220E

WRIET DS T AT I— AN ENDS. 22 CTAERSNDIEE CEX 4 4137
JL— NEEAT & FH SR AL & OBALEIT L o THREMB AN HENE 22T, £
DO—IITXFHERmICHEZE L CREMEZ ARy &2 )V THRET DHERHDH. AR
v H Y TNEIFIAFA A =X —DBETHHH, 100 eV FREDA 4 =X
R —F TIT BB HMBIS & 72 D72, TRENDHIRA AL DRV —HTH
55010 eV RREICBW T, fuE Bz 2FE-—7 v — 2o BN, £
FEEAZNET HDEERNRT A= LR, AR TR, 3KILHFEa—RICLID, Z
IS BALIE A& DM & A A =X — DMl 2D T\ 5. SEREL, §F
HaX MDD, B LT 7V v RPIC 2— FEFEH LT, /R[4 AT
AE DT N— NEAFRZINE L, i EIEBR T U 72 B ARG R & i 21T o 7.

HEF % (Computational Aspects) :

BAFE L7z 3 IRTERE A 7 U v K PIC 2— ROMEERZ IR RS . §EGTPICBIT DT
BRI OEENL, AT AX M E— 54 42, BMHA A2 & HIT Particle-In-Cell
(PIC)iEZ HIWCHREFE Sy LTe. A4 A IR BRI T 2D Pkl 7 OEE) © A 4 2 & Rk
DFETRO . EBFITHEAEED 1AL L, Maxwell-Boltzmann 734 T 5 & ik
TE LT, BESIIIERRIE Poisson 2%, SOR EEHWTHEWZ., A€ LT
X, 77 XA~ N — NXRETHA 4 I L CEMOETHEEZRE LD TH
D, BTN OELHIIIFR I TV, F1, BRASHA 42 OERIZET
72 A2 MERICEH L, ZOMAICBIT2BEELER L. Aa— T,
HESEEE R EDT- 8, SMP A L v RIFF|%& SR LT 5.

W, AAFGENZI T HNTE T VAR T . A IO CIXEHERSE RO Y ERREED -



D, PR EFEBRCEELIZATAZ M T T X~ i B E EREHR I 5 EET L E
L7z, BFELBEIIT 500 cm X 250 cm X 250 cm TV, FHR L & el o T a2 L7~ 50 cm
X 50 cm X 50 cm D AEAREEE 5. ZONTIRO—E O IIZEL 10 cm D AT
ABET N EFRET D, ZZMFEIEIL 5 cm OSMFE A -T2, - C, FHEEIR O
FHUE 100X50X50 L7en. BALOGEFGAFL, FHEEMNMITER (0V [EHE) &L, S5
BERITAEE 0 L LT, A4V ATAR T~ A7 aili i A A AT AZ 10 ZET AL LT
HOTHY, HEEANTF /o LUz, AT E—LOFWI S AITEL 10 cm DAT A i
HNIC—HEEL, WESMIZZILEFEZ VR E kS se — AL v EFELL T,
HOFBANIC— kRIS EUT-. FIIERE v 1 XAA A g, B&E mi, B —A4
IEENZ Ve ELT, ve=QqiVo/mi) " ICEVEH L — BN -2 72, AT S,
E— ALy MREBAIE 15 EEL. —J7, R O001E, REEEOH T AL L TE
0, IR T NI — AR, S AR T B CREZR LT, Fig. 1 ICHREA RO
X%, Table 12l L7z AT AKX /XTA—% Table 2 |ZitBE \TA—XEZNEIRT.
Table 1 |Z8BW\\C, Xe A4 UNLIMIAA L DIEL, EHREL, & FIRBEAERNICKETS
BB AR E O FERRE R AL DI E L.

Il\ %"Z’ulﬂn AFARTN=L
i

=/

1
! 1.2
Y 0.5m
Z izl SN L S
- —
5.0m

X
Fig. 1 FHHEARIEE

Table 1 AT AKX N5 A—H Table 2 FtHE/NT A —X
AF R Xe+ FRERE, cm 500 x 250 x 250
ATAKELE, cm 10 HEET L, cm 50 x 50 x 50
v — AT, mA 170 &, cm 5
v — AR EE, V 1500 SR 100x50%50
v — ALy MEHUA, deg 15 AR 7 1 E DSk -5 1.0 x 108
thE T AR, K 1240 BB, V 0
E TR, oV 3.0 I RE, 1075 0.0042 /0.61 /1.8

v — A/CEX/H PR -

AR (Accomplishments) :

Fig. 2 \CEMEFBETHEONIZ AT A Z T — hFEBO RS2 7T, Mhd(a),
(b), 1%, (@ v—iA1Fr, (b) CEX A A, (©OFEN, 2FZNTIVRT. £7 77
IFA A E— A A St XY FRAZfH L7c b0 TH D, F7z, ST A1
D7V vy FEE (EAF—/LiEx5cm) THY, ARDHEIIH ETT NV ORIENEE
T. Fig. 2 @D, A U B — 2O RKEEIZ 10T m3RETH Y, FaMILEMK L FH



D 25 EREE L /p 7=, —, Fig. 2 (@)D, CEX A4 D KEEIIA4 e —L4K
DIHT/NEN 1018 mB3RRETH Y, A4 — L8Oz, AT A% H D EETIX
PR IF AN O LWEB L CERNA. F77, AFAXETHE O K 5HIlIL CEX A4 D7
IR SN TS, B A4 —2ad CEX A4 Z2BEE LA AR LT,
B ER LR IO M T 5. ZOLEDENN DM %Z Fig2(e)Znd . BALDH KA
38V R ThoTo. LI EBAL A SRDIRFED T, BB RIS T 2 E -1 D
JEFRA L, BIREUS L7 A R D A T o7, EHIREICKH T ERHE D=9,
EREE 1.5 eV ELTRBEOBIEMNT 21T o7/ R, Fig. 3 (SR T B AL
Fig. 3 56, BNOKKEIZ20VEETH Y, Fig2(IZmn I D KIED 1/2 FEE
Elpole. ZZD20—ATIHE, BUORKELEFREOCEMEIIFBETHY,
BALEHE Y W N— DB N RIS NDRER E e -T2, IRIZ, Fig. 4 ([2H RSB CHUS
ENTZRBIA T AL DT N— DB Z ™. REERITA A2 v — 2% & e
Tk RZ Wi (Fig. 1 0 XY FmCxs) CTHRGESh7=boThs. Fig. 4 T
X, BALORKEL 37V TH Y, Fig. 21T EERELIZFRETH 120,
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JAXA OIFT, BRI E DT 2 SO E R 2 K2 E RHLE 2% D IAA TKEZ B
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T, TREOKY - KB OB & FFRE] oM KREREZ L6 P TE 5,
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VETFIVTEHEAIT., KBS I 21— a v 2 To 88 0MAEE L 2 L SAED
F-HMTOD, REEFT. Vaxrrarzixsz0, QB L Lty MEEZHWE
A b~ e 77 AOVERE T/ > T2,
2B F1E (Computational Aspects) :
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Wl DRFIZALZ K 1 I LT, KEEFROERNG, INF #5526 o> KGR Z T L, GSM
JERE RN Z A R k& . HEROMSE 2R T 5, BRESEERSME, Lindman @O
N RS, BN, —REElZ WS, Z oI Tix, 4 5 ELLETANT 5 BRI IT%
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Flo. AvIab—va TR, RTOEEHGRNELBEWVIIET e T, a1k
AFD 2 WERETNLLE LTI 2L —a 2175, BUEMERE <A, 77V v Ry A4 X
ERREOT A a5 2 5BERZR TIZH 200, AEEFIEBRTIX, 7V v R4 X=0.
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KL OIS S DN BRI DI TS B2 D, EEERIZEL 5/ —= 0 T REZES T
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o AIRIEFiE (Visualization Aspects)

Y axs s ERVEFRSNTEY, BRI
MBI BIT Db Ay MRIET —~ DO E O ThH
5, WEKBEBIIABR AR L, "HKE "L LT
BN D EHERBREREEZTEK L TN D 2 Ehmb
nNTWs, ZOMEERL, BRY 2%7va v il

AN OO T RIS R L X — e 5 X 2 RS CP AT DY FAROE, (a)As R T2
<Ll L < B ﬁ:9%%$m%OH@\%Bs@ikd%#%&%@\@AM

([2, 31)e X7 bAGD AT P —BHERTIX, IIE 1 s = o, (B 1 E 712 Je bk,
ZEMNC BT DR A (CP) E 7o ITMR X VD AR E T2

IZHEBIZ X > TR 6 b (2], LR Tk, BRI X AL ofbvic TP (R &
O MEEE BT 5, CPITMEORE INBERT IR THD, R axrrar, 4
I, X7 NGO bR e U—%BFET 58 TH D, 3 WITHEIZBIT 500G, =0 bR
V=% WE L, HENRT A= WA LSS 2 ETRIETE S ([4, 10, 11]),

AWFFETIE, WHAR v~k > K (GLS)IELL, 13, 16, 22125, ZOHEITIAL v
HILTHEY, 3WILZEMIZITIT D 2 ot FF) ZESFRIR D KIEHI 72 v AR v V— % RIFTE L)
5THD, BNT7 AR w7 SNTREA MY —a 7 a2 ME[27]E GLS 111X, 2 ot
SRR E D FL AL T A Z LN TE D, CLSIEIC X s TAERENEZITUA v aid, —7
T ATRY AV aDREFAT v TRRAICE rITESITON T, HEma R SERIAITIN
WD EMNFERH I TWS[22],

GLS DIF%IZ B DAL EII72E 2 71X, RIUC K > THZ N5 J1F LT EBRIC, i =21
RBEINODHNT A NI E—varEZFHTHZETHD, 20 ORIMBRERREN — & DS
INBIRDERREED T "EBEZ D, dyh B CP oxg. ZHH DA TR L L LIRS,
AR IERE dy(x,y,2)13. ZERIRICIR > e R FEREOIMOR S Th 5, MHHREREEZ V2
FRFEZXHF, £93TH2&T, MOZLOFEOLIIZ, 7n—FAFI 7 ADH & TEE
FOAy a2\ EIEDEnbREEYVE SN ZETHD, T2, CP D HD%
FRARIZI - T2 AR BRI L > T T A DY w7 b S fll iR L XAV EED 7 7 I U — L&
LTHbET, LEN-> T, A vy 2 OBEGREREAE~DOINR L, WA §& A v
a2 A X A-0[22].

BRAELAOBS FRa S —
ZIZTIE3IWILONRY M EEZ D
x = f(x) (1)
ZZTx€eRZLT AR S RIFHDICHOLLTH D, TTXTOHEN CP IZIUET 58



B XITWRT 2556 (t > +/—0) DLE/ RNEESRKEES, x,[2,9, 14] EERIND :
W(xo) = {x € R3| t_)l_'i_l}rloo et (x) = xo} (2)

TR Te— vy I THDH, KE/IFZESKREKOBEIL, WHfbalia=7
A TELEONDT T 7 2= RXT—ORITEEN L5 — SIS, EXREFH
ERELGZDbDOTHD, HxlLCLS ELXERT DIOICKE/FFRESHER L WD HFELE
M35, OEFICITRATHIR GF) RESHREDFET D, x,OEFICRTZ: (FF) ZE
ZERIR W (x0) Whe(x0)) MAFAE L, Z0iX GF) ZEE A 22 ES(x) (E*(xo)) (28T 2 R
172 GE) ZESERIR Df (x) IFAEE T Do

Xo = (X0, Y0, 20) W5 DILSL CP TH D By = (U (X0, Yo, Z0)» Vo (X0, Yor Zo)» Wo (X0, Yo, Z))* = 0.
2D CP OEFEDOWS B 27 A7 —RIATLL, 20D P OEFOBKANT MG OMIEILS
NTEFAITRD L HICRT ZENTE S

B=§:J¥, (3)

2T JovaeEr o ThDH, BTHD x=

(X = X0,V — Vor 2 — 2o)t. L7=73 5T CP A3IST @ ;o - ;o * : >[<
LTEY, JTOFHRRE e ThRWES, Ti - B ; ; :
CP rfF DN ZIRET S, CP NINLL TEDL a b c d
P ATHRBE B mTEOE A, 0 EE BT RO Lo etz oo
9 fgi}%é\ﬁj%y&@@ fgﬁﬂtﬁ LT E 2 & Zpil & 208, (d)B AL & foid 42771 O R FE8%

VW, LL, 2O —RIARFROHFHENTH

2o

SWIThE TIE., Y LV /A REHHIRO XL D127 5

V-B=0. (4)
TRTOEHMEDOIEHLN 0 T, EAEEOMN0 THDHET S
trace(J) =2, + A, + 23 =0, (5)

ZIT MANBETEAETHL, BOYaLT L JO 3 OOBAEILT X TERD, 1 D05
BT 2 ONEZRETHE, FL—X I RPrTHY . T RCOBEEER T 1 TAVEEE
ERFOL W) FREF, EAWMGTOEEENE RSN UER bW EE2ERT L7, 8],
L7=mM - TC, 3IRICHES O CP X TR TR TH D, - T, BEAMED 2 DOFELNT T R/
~A T AToH%CP ZIEA B/A)CP 71T/ Wen e R & RS, 70, BEIAEOFEL & HEH
T TR/ AFAD CP %, KEGHIRMRFEROIE/A CP, F I ITHEHR MRk O 56 /51 &
TR L RS, THEHBSROSE TR, T B/A T Bs/As B L L IEEN S, CP ITfEDORS
FRBEY—F, R3IZRTLICADDZ A FIZHATED,

2B 5 CP DUFHTIX x = xoDUfF T, BEAED 2 >OEDFEHEICEE#ET S 2 DOHFH
HRZ RV (Re (1), Re (1)) >0) EEAMOEADFELIE(Re (4,), Re (1,)) <0), ThZ
2 Wt D () BEBA LR E%(xe)Z LT ES(xo). 2 RITRAT (FF) RESLERIE Wk.(xo)
& WS (x )WL, RIS, CP DUTEDINTILA Y . B TH E I3 0B 2 k95 2 &
TED, BT Wh(xg) & WS (xy). BAEOMFFN ML Bl 3 HHOEAXY MV,
ZNEI 1 RITDRER (13€0) & RZTE (A350) ZERIK WS (xo) & WH(xo). 8% . HEDIEA
D CP DB N WD DRI 2 T T 5, FlxiE, K3 ITRT Loz, CP AT L Bs 3%
Bt 2 IER L T4 [21],
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Ry 7 ATRENLS TADVTANIET B, 77215, i3 END, KOO 1 WICHERR AR, 1E RS/

T s 2 s L S s i\ o TR BT B S5 1
WL L 2 WITDOEERSERIRIL, CP Z8E &

DEARICHERH T DI IS [21], b OERIT. K4 I1oRT X 912, #oEkE s

T I7HREKT D, 3 WILT MERGE 265 E, T Y XLNLLLTFO X HIZFEd &

5

(1) HER 7 A R— % GTed _TD CP OALE, Rk, 0¥ ;

(2) ¥ CP (B 7B 1 RIEB XV 2 WItOERSEREFE DT D, TNENOERIIK L

T, 12D 2RITEEEIE (BXT RY w7 R) 200 1 RITEEHRIE (NAT 4 LX) &4

KT 5, & 1 IRIEB IO 2 WILSHEHRIEDIRRIX, DRI 7 b,

(3) H~Y=AHR— IV FROKE (¥—IF—F—) ZFEL, UTOIIHELLZY —I 3—

H—|lv=R—L REV 7T 5

(a) ZREEDER TR DO DGEAE, TNEETH LWVBER S E72IXZEEE (R 2SER S,
FrC 7 Enb ;

(b) ~=7 =V FRBEEFEOKSEITKE~=7 3 — /L K (ZD54E, kY 4 R—1
(R CP)) THb DA, ~ =7+ —/L RO (HERY A R—7pl) 12V 7 &
ns,

(c) @D 2 IRITLEARIKDIML D CP D 1 IRTEHER (B/XF MU v 7 R) ELH), T b & [E
DAL TINHT HE, oo CPIT#EaERE L TR Y . fthod 2 IRTTEEER & DM 2N a8 RE TH
% [21],

FD=H, PR U—ZRE LIRETA720121F, 1 R BiEmZ2&ie, 5V 1 RT N
IR T D 2 WIS EREZ i< ZE MR R TH D, WH. —xtLL O SRS -
TWb, UL, WER (BETY)) & BRI, HERE 7 (&K CP) 125 & FHHEH
nNo6Z bbb, Mok CP NIMEBEAEEZFOLE. WBMaENGBND 2 RIS
I D, Fexr DTNV TY ALTIE, 1RICE 2IWITCDSRIBITIR SN GIEE D | #&
RTHKDD, E-T, RN OIEED 2 WLEHREEZRE L, RET 5 Z ENARAIRTH D,
UTFDOE®Zva Tk, 2IRTTEEEIKRD bR o P—Z2R0F L, KRR EERE F Ao o—%
AL s FIET DI ENTZ ML~y b (GLS) EEINTZT VIV X LEHFIT
Do

ML Rt Y FEICE B 2 RTEBHEOEE

Krauskopf & Osinga([1, 13, 16])i%, HIH#FR L~ L&~ b (GLS) & MREIL DT L= Y
ALEFEZ L, N WILZERIZEIT D (N-1) RITZERE O BB R & aI BT D, 5
IE. 3IEARY MBHIRIT D 2 WTLER— L Y SEE WS(x) %38 T 5, x=f(x)H
MBI, FLd bbb CP NHREA v ¥ =i £ TORIHBREEREZ BT 5, England 5
[15]1%, DINCEASWTHEMEMEZ KR L, 2kce — L Y ZESHREZINE 161. 75 £ T
AE L, 22T, MEME &, FHEINZMET 2R LSV O RO TH 5. AHiT
X, £T CLSIEDBYRERD D722, 2RIt GF) BESHREZHAE T 28 5 O k&= BT
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AR LAILE Y M
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FEEIZIE, BERERE BVP) ZME72id e banizd, ROFLNA v 28 E 7o

~
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ENDEIETHILTT, ZOHETH, RECFHFESNILA v Va2l (F In; €6 3%
ERLET, FEMOPE F 3mBICHRESNEN G ICmETHD, rp HILA Yy
2 WA by € Crj BIERE F BUED A v ¥ 2 i DFTEOHHE A T 1y €C,;
NOIRE DM DOEBESNTERE SIS, G ;M 5OITRTEIICET, FAvva
BT HIST D38 F it RATERSNDERNZ PS> T-RBICRESND
Tiv1j — Ti-1j (6)
ZIT rip & iy jOBET D 2 DDAy v 28 ThD, 1y D HERHRIIC I T S H0E
¢4 (q-@) D HHEFIITHIEL G BIFE L, ST 53 F, 22T tlCBIET S EOK
THY F THY | M7 A5 LLEND, q@OICBTL2ERATHDL, F . 2O
BT, BUEOMAIE, . G AR EOMIEOBITRO X5 RTA2END 1. 20
FETIE, BB @B TFOEMFEMTZTZERRETH D ¢
?° (4, () € v,

¢t0 (qri’j (T)) € :Frij
IT BUIONE G THREDS. ¢%qn,(0) TRET DN E F, TREND,
¢ (qr, (D), toEMEYSTMHTHD, F

ThY q (O TOLERTHD, F . hH0O G

BEOREZ BT 5, 1, 0> T, s 1'\§
HIZ 7 B BIE &2 BRI S L, L ‘%{%‘
‘\MA'

TOLERMT- SN 2 IR Ex255 -
(a) A (b)

A—e< ”ri,j — qri_j(ro)” <A+e €K1
5 (a) A YT 2RA N W(xy). (b) BifERiE % fig

(")

rij

(8)
CIT exPIEDNRTA—LTHLY 2= Frpayxn,  CbbRkOsL K G 7A=Y %
TT—LERL by =qr (7o) BT LB 2. HEROH LK by BBIED /S K EORIET 514
R N A LICESWCEE SRS,
Crjrr(THT LV (b, € Cpjya)- Tij
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BT DGR S T2 BERLT 23 5 72 2 2R O IERE 7250 L 2 HERF 35 72 DI G jyq. 161 TR
ENTWD I RET NI XLEHNTES A 20ET 20BN D, RFTEHEKRE 71V
T O, RGO 1 WL L e Z LN TE S, HBEOAEITRO K 51Tl
[R5

Amin = A < Amax
(Aa)min <Aa < (Aa)max (9)

Ea>apax & Aa > (AQ) o P T DFAET D356, LW Z XD EWEREECHEIRET 5,
A~ FIRRIC @ < apin & A < (AQ) min P T IT 238 DA IROBFHIFR L~ NT A &3
BT D,

IZHET 2 2 DOFHLWVWA v v a mBNET X VET S0 35548, 730 XAEE
NENH L WAy v a SERIBRLIEVEBMLIZY 5, 6 BT EvEdEicnds
Ba. TNENHFH LA v v SEHIBRELIZVEBMLEZY LET, B2 2 DO v
2 T & T DFTED /ST A =2 L0 /RNSWRE 1y ZHIBRE R E T, BRI
B2 2 D2ORX v v a2 KEORBERIED /NN A—=Z LD REWGE, LV 7=
%@u+nﬂgﬁﬁm5hi#oéwﬁEMém\%L<ﬁkémtﬁbm%ﬁuﬁﬁﬁﬁﬁ
SNDe HLWA YT 2l byl 3MRRRE  0(A)[22]. L7edio T, Ay vad A A&l
RETIUE, ZOFEIIEETE D, KL TRET D HEARN 2R L~ vty MEE
EDDLELLTDL OIS
(1) #IHME - RE j=1.CP & B2 2, xoZ KD NoBEEAI A v o =2 8 {r;joq]i =

1. NoWZHET DA 2R E(xo) 283D W(xo)IZHET 2 [BA 2 B2 sl b
T DHHEE xo i E LTI ERR 2RO
(2 Tva—T A TEEANTBP I, HrLVWHA Yy Y2 i a2 BT 5 ;
a)%ﬁ%?é;?ﬁ%ﬂﬂﬁﬁ@ﬁ%ﬁ%?éoW%@@ﬁ%%?%%%yVJﬁ
Tij>
b) (BVP) KAy = rEEEL jOIMBRL VRS & iCiho7c Ay v 2 oA
YT w7 A) &b NETEEEED, G )IE20T, BT 2RO by €F,
ERODH, AERDDL, X@) & TwmEaE2 o025, B 5b)I2R-TLII
Pijer = by ZRET Do G il FHT LWV {1ryjiqli = 1N}
c) (AyTaoiy) MRS HmMOE 1 RN ) 2T nEsneF oy 7T
%, TLT, BiET 2200 vy v a i T -V ET DT85, 2T
N LWA Y2 JEHIFRLZVEMLEZEY 35,
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Xo.

EFT@»6 @) Z#VIRT . Loe 2 Lenar & 2T Ll F A v ¥ 2 2T 572003
mHIOESTH D,

LHRMMD IaL—LarT—4~DG6LS EDER

GLS ¥E1X, 3 ot Z MAED 2 kot (3F) RESHIRE AL T D5 HEME D @ WU T
ETY, GLS VB, RIFTHIR B TANC R 2 2 IRITTA v v 2 O A, FHEHRY X v a
W CHBEIMICHRE T Z N TE D, LnL, 3keZe—ULMD v 2 b—v g ik
W, KB OILEENLZENE 2 ot 3F) BESHRIKM D 7 v — )L 7l % W]
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FHENZH LW A v v 2 82 BEIMICHEET 5 2 L 2 RFET DD/ K& S TR
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ST a— L0 MDD V2 2 b— g VEBRICBIT B
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B, =B, =08 L U(iii) B, =B, = 0. X i{ADOHIZ CP 23 1 DIFET 286, 3 KDL 6 D
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iUQKAaQﬁQL 16]) THIEIT 2, t=30G)ET L 2 DO A v o KEOBH O
PEEEIX 1.56A & A/2 OIZED; @)oo ARTA—=2Z (1) DLDOEFEUTTH D,

CP1 (Bs #) & CP3 (AMY) MEHDF 1 — L7 2 RICREESHRIE L LESHRIEZ T NE
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