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Estimation of magnetospheric dissipation through the high-resolution MHD simulation
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Understanding of anomalous transport in Hall thrusters
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FoTEY, ZNLL EOEETIEITHINREETHLZ LN D> TS, vy MNIBE & E
200km FREEETRAT D720, ZOBEDHR I ROLNTWD. JRKIZrry o
D ) RV HOREIRTEILN F B TlE— e A kL, CFD (23517 Hulige it DR E DIMHE
L7zlzh B L L TUA.

ZZCARMIETIL, $E3kD CFD 12Nz, fidaEisic DSMC (Direct Simulation Monte-
Carlo) Z£:H7°%. DSMC 13— f{IZZ KGRI AN E I, @8 OBRISET ANFAE
THar vy NE B XU FFIE CFD 1KV EaANE M T T 2 FEBLL, Tz
DSMC %3 3228 THAT7 Vo LU AR IR A fENT 5. 3 TSR T Tl
ATV RIEOZ Y M2 TR RO I THERL TV 5728, DSMC fHlkic BT 77X~
EE T RIGET VORENNETHD. RUF5ETCITERMLZ & KOG IZEL, DSMC O
NSO L2 L CORFRISOFFFHAE S, DSMC Tl iR 73 R # e AR CHE



B L2 A B DR BRI B AT T N2 5728 OFIEICLY, B ARSI kS E %
SEUTE E OfEATIEOREZRZIT 7.

FTEF % (Computational Aspects):

CFD & DSMC [d3 b S E B iV E R ZENFTRE ThH L. (L FRUSE & T fE
kD DSMC I3 BRIZIE 32728 T /L THLHN, WEALF A EMEICRI T IO EZ1T
ERMEAM N RIBIZEmRD. LR T, RFETIIRr Yy D DT — 085
IREARAEAL T2 B 3756700, ZNEMUITHT R Rk - AR — LOEADBLE THD.
FZITCARMIETIE, LT 2 O FIEEZHWT, oy MEih 7S X< D Rifg X -7z,

F—DOTIELLT, 16KkD DSMC %l Li=tk, TOMNOHMELT-iRO 7 a7 7 A v
> USRS A TR E T AR5V 42N LARSEN % Wy, L0 IEHEZE 1 JUs i
SR LB 2 AR 2. 22T DSMC I3 a2 155 AR TLAME L T LT, fiiE
KDoA BG4 570 OS2 S EHFIL LARSEN 235H5. ZHUc kD, &7k
T OB AT REE 2%, LA FZ % CFD-DSMC-LARSEN EFEFRT5.

LARSEN TiZ, WieApf 2 IS EDDIRAVUTTRDFAE L72WE D HlHI AR E 2 %<
PS8, FHRXENIRESNTCLEIRIREMEN®HS. £2T, 5 0O FELL T, Species
Weighting Scheme(SWS)EFE XD FIEDEEZIT 7. KR FIZEAEAZEIDY T,
[ —ALFFED T X COR - NRICEAZFFOIINCRET D, [HA BT a— L E A
(BAERL BTV O ERRL 750 2 - LD L TEBEOELEMGS. 22 TliX Boyd (.
Thermophys. Heat Transf., 1994) ([ZLVHEZR 47 split-merge method ZER L, K22 T
DIEB EE T RNX — DR G EZH RN FSE LTINS E IR T 5.
Species Weighting Scheme (3 &k 1-HE 2 DI Fl72 5t H AN 2 D> EAL Ffi % IE
MEIZFHA TELH R ZFFD, LARSEN 2453 CFD-DSMC DO ANAT Uy R FIEZ T THRR
NSO D FHE DS AT REE 72D Z IR S LD,

HEAER (Accomplishments) :
CFD-DSMC-LARSEN

ARSI, BIRN MR B ZET v SNIZBITDE cm A7 — LD/ N ) XA LD
B A G TR 2 R A B (ROS72 L) 2%t 5:L L, CFD AR CTRLIL-fiEE CFD-
DSMC-LARSEN THOHIT-fRED il &1 T>7-. CFD BAKTIIAR H R %8 A /LT
T2 B HUBRE D434 7)Y, CFD-DSMC-LARSEN Tl S, RFIENE & E 2 TR
DRy MO LR R D AV FOGTROFENTIZ# LTS FTREME DS RS-,

AAEFEIX, M-V 1y b 7 SR 3 B (B 180km) & %1512 CFD-DSMC-LARSEN %
RN 75 X< ifg&, FD2TD & Az EREE T lE T o7, S EE O 1-1dn
I NOBEIREE FE R G R D7 T A ETH DN 7T 7 ATKHT DI ER D R &S TR
TE5. JiiR-FERARE AT ORE R, Ardigh R BIATZEI2XD, CFD DA% v



T B LTI TAME RN WGE- Ly 7 T o 7 VO BRI EUS & 7=, CFD-DSMC
DNNAT VYR FIEICE ST, Ny o 7a— LI N D8 B4y 137 v — DDA AT 7
(LIRS A A LR OBLG SR EAT OFE R CHERSNTRY, BraEate 7 LV —
DIEIRD AL L T2 BlCH kT DEE 2 6N5. 727210, 7TA MERL T 58/ G F
DfERA TR LTS, CFD fEIRIZ 1T LK SET /LR CFD, DSMC 52t OF% EIZ-D
WTABIVEEMZRTAE NI THD.

Species Weighting Scheme

SWS (Z2OWTIE, RIEE ETIZER SO ERT R LF —F — R S 2 44
TR 757 122D DSMC 2—R~OFEIENFE T L, EB) &N N VX — R (7D
PABHRIN TROZLL TSI 2 LTz, ARa—RE L/ N XV D 26 jR o3 R i A %t
G R F i, B EG 2R IT I LT,

/A7y MEEA~OwE A2 e, JOFEIC SWS O FH Al GEZ2 &P IZ >V CTRREEE 1T -
7. SWS Tl E P L R T RFRL O, EAEE LT HIEITID N BHITHM
5. HINIHES T, X EEALFRE ORI 723D L, ELWBIRNBIEZ L
IRIRDAIREMEN B D . 2T, EALFRER O EIRZ TR UI-. F5 R, M LA
Kt EDLEIENERFRIAITH LT 10%E2 B2 72048, fRORENTFRFIAN
THDHZED DSMC EDHHEIZ I > TR Sz, 22T, BB N TT N To
B 1A <ot FT-, EExHBRIN T O R IEE N2 A2 LI L~ T, MR LSRRk,
T ORI N2, JOIAFPHIZE H fT e/ Ax — MM EZR AT, T X Tl
FRIZ R4 7o B 2L B A AR 3 570, E22ORITIEIEL  E 225N O RIC B 5%
B EZ N2 D20, B LSRR DA BESN TIC a2 155 2 8Tk
L7-.

SWS & M 7z CFD-DSMC A7 Uy RFIEIZONTA T Irrulryh 3 S50 3 BE A
(755 B8 240km) 2642 & L, TlEFtRZERL7Z. ZHETHRAHES >72 CFD-DSMC O 4%
HAWEHEICES T IR0 RIEICREI LT, 72720, AR TIIFA AT v 128D
FHEEMOHIR L, EAOEEE NAMIZ 1000 fFIZRELTWD. ATy RFIEIC
FoTh, IR L7c 7 7a—2 8 OF E R PRI, JOWRLIZ 77X~ DZEE) )
F517-. FD2TD k% W= O A T, CFD OAIZLL T TR~ iR LD 7R
EMERCEID T2, ZOREREY, JANVOT EHEO T T A~ N BRI L CRE
THDHEVIH BB -GN, BUEREL COOAEEOLETIIZOEWE T3
FEEREIAHE X 2N TE DT, CFD & DSMC 5 R ORI IEIZ OV TORRGEN S % DR
AELTRkh STz,

AFREDOT TR~ BT, FFEARHIERVE B L > THRIRE PICTE s D
BB TR~ T Lo TORET D, LB TIDLI T IR~ DR YN 2 AT
LR LTS TWND. T, AAFZETEIR L= SWS & H = DSMC % AW THZEAR
DFFHTEAT T2, 12720, AL A, 57 7 DRlER - JRE =R /LF — 2 DONTH B JEN



WEETHD. Split-merge method DAL B MNIFEDE, ZNHDOIEEMMEEEEL SO, &
RN R ESND LA — A5 B IR S, B EIC A ARICTEBINZHEA
ABR OREX OT7IANT —Z (@ E 105km-= £ 92km)Z x5l Liz. 77/ NIZHE T 1
— TN X THFSNIZE TR E LD ATV, FHEAERE B L TODHIENHER
iz, ZORERIZED SWS OFHR FIEIZZ Y PED RS,

VLI, CFD-DSMC DA77V R FIETA A & (b7 BUST & R 7o DS R &
#D, CFD-DSMC A7V RFiEZ AW CEERR Ty T — RO T T X G BfGS
AL, #1CFD2TD % AV iz i B e M | 2 381 2 BB = O TS A 157, A
BHRNBIERSINT— 05, B IZ OO T 72 TR E DMES TR WER B HY,
BIXREXTIANT —H LD HE - REFIC LT T A B AL, LR E O & T llRE
Y SVR-AEE =i

DT (Publications) -

(3R3X)

1. Virgile Charton, Julien Labaune and Kiyoshi Kinefuchi, “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, 2024 Volume 2 Article ID:
153. https://doi.org/10.57350/jesa.153

2. Virgile Charton, Eiichiro Yamaoka, Takato Morimoto and Kiyoshi Kinefuchi, “Species
Weighting Scheme in Direct Simulation Monte Carlo Applied to Jet Plume Simulations,”
Journal of Computational Physics, Under review. Available at SSRN:
http://dx.doi.org/10.2139/ssrn.5164932

(QE)

1. Virgile Charton, FRA#H K, [LFE—ER, #F AL &, THybrid NS-DSMC/Species
Weighting Scheme O 7 K5 X/~ |, 55 63 [BIfT 22 B ik - 5=y HEdE G
HR/ALER ST 2024 AFEBER/H 5 MR AT H il R s R ow A, FLIE, 2024
3 H.

2. Virgile Charton, Takato Morimoto and Kiyoshi Kinefuchi, “Prediction of In-Flight
Telemetry Attenuation by an Ionized Solid Rocket Engine Plume at High Altitude using a
Continuous-Rarefied Simulation Methodology,” 2024 AIAA Aviation and Aeronautics
Forum and Exposition, AIAA paper 2024-4597, July 2024. https://doi.org/10.2514/6.2024-
4597

3. Takato Morimoto, Virgile Charton, Eiichiro Yamaoka and Kiyoshi Kinefuchi, “Simulation
of High Altitude Rarefied Hypersonic Flow with Large Species Density Variation Based on
DSMC Method,” 12th International Conference on Computational Fluid Dynamics
(ICCFD12), Kobe, Japan, July 2024.

4. Takato Morimoto, Virgile Charton, and Kiyoshi Kinefuchi, “Simulation of Hypersonic

10



Flight Using an Enhanced Reactive Species Weighting Scheme for the Direct Simulation
Monte Carlo Method,” 4th International Conference on High Temperature Gas Dynamics,
Beijing, October 2024.

. BRAE K, Virgile Charton, [LIFfE—EB, #Fiilfd &, [Reactive Species Weighting
Scheme Z MV 7z DSMC VEIZE DR AT ERET 7 X~ fEMT), B AMZZFH 5B
75 - A TR RS, 4R, 2024 48 11 A REHFAEETHE.

(L[N —BR, ZRAE K, Virgile Charton, AR HEE, [E&EICBITHE K~
JL—NERTOT-8 D Species Weighting A% — 20 DSMC E~DjE |, FHili%s
RYT L, AR, 2025 41 H.
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AXVDRFAMFAFTSHORAQOAL : PVIAHEAFT TN 2 RITAME
PIC Sal—3 3 g

Improving Ion Thrust Dynamics: 2D Cylindrical PIC Simulation Analysis of an Argon-
Propelled Ion Engine

BEMRRE : Hu Zefeng JUNKRFERFRAGBITEFRABIYER TS X~ - BT
ALV ¥—)

MRSEE  (IAEN (AINKFRZERESETZ2MABR T RILF—RZ2EHF)
BHEY ZRTAGEZRREZAVTHE LT LI Y ALES, dtEH#
RBEE UV ERROERMRE

R B B (Research Objective):

AWFZEO HEOIE, FHIERICB T 24 Ao DU fHitERI L LT LI OF%)
PHZFHI L. ZOA A AbilfEB LT 7 A~ RetE 255 MICiitr 5 Z 2 12h £ 97,
INET, A F = volidmmTHb xR FIHEH I TE £ L,
ZDaA N EMBOFIRIZFEMMOFEI v a BT EE > TWNET, 7
NIANIEOREBEME L THEAEINTEY, BEENOZMTHL Z Enn, RFN
D OFHE P RE 72 HEER & L CORREMEZ D TV E T,

AR TIZ A F 2 P DREENICBIT AT VI DA F AR E2 I
2alb—ya KV HEL, £OT7 7 AZE@;EEERIIONLET, £/2, FoN
TR a2t ) VHEER L i35 Z & T, TV OMERE &S RTREME A 5 T
THZEEZHMELTWET, ZHCE, 7ArI3rzflnidd S 2T 50
FHINE L ZOFEEZRFRICTHREEL . KEREER COREMFEHI v a v ~OILH
AIREMEABR D £,

(DIonization (2 Acceleration (3Neutralization

f L I \

Propellant ;—7>

x ;
Microwave i-

_

B Plasma Plume
Ton source

L] |

Neuralizer

Fig.l AA P im0
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#HF & (Computational Aspects):

ABGETIE, A A2y P OB T T A~ IBR & @ CHIBLT 572012,
BIRZ R EEGE (FDTD) & X—F 4 7 v - A v - BAE (PIC) Z#lAdbE
TevIalb—varyFEEEHALTOET, RO 3 KILET VITE OB Z R
— T, WRARHEY Y —ARNREL 2520, BETHEDREBEED AT A%
R L., 2 ol (RZ) EERICH-S< FDTD-PIC =— FABA% - il L TW
£7,

ZOFEZ, HERREE A oo D USRI RCEET A RN TR, S
7 X~ OZEM I L ORI e 288 2 @ CHT e T3, Elo, TH 7T 4 7 A
v 7y A A b (AMR) Hiffia v ¢, EEEEICI T 5 R RS 2 mefk L
DD, REROFHBEARZHIEL TWET,

A== a—% A-KDK O FILEREERE 2 e RERTE A L. #35/ — R~DFHE
B AT DB ZIT H Z & T, FHREFMOREREMZFZBLL TWES, 7 —4%
HIZOWTIL, #hEM R T7 +—~y FEEIRANy 77 v 712X REEDY I
2 b=y a T =X EERPONEEIRL TWET,

A B 2 M IR ) SR T L PR T
[FDTD | [PIC]
Ao x—xgit] A5 A— RAIL
v 4 7 ok
BHEE L BRBEOFE |
B EDRIE
J
B O EDARE
E, H
RO S
R F BB 17 L)
el
(w27 A7 = ) TIER) i
| L[ mm e oM

BEY 32— 3> | F—xl) 7 — 2 DREAN
(FotranZ — ) - (Python 2 — )

Fig.2 FDTD-PIC 7 /L= U X hD{KHEE
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HERAR (Accomplishments) :

AWFFETIL, KD 3RITTET A D, L VIR 72 2 RTTHI AT T L ~DIT
ERASEE LT, ZHCED, FREY Y —2DHIFI T THL 77 A~ OARE M 72 268)
EREEES EHET A ENTREE 2D £ LT, B, 7AW EEND
T A2 L O AR OFIEHHRIZE N T, ARER Y Iab—Ta U
EnRGon-o2oH0 £,

KT, A AP DOREEETNVICE T, 2 kot FDTD-PIC >3 = L
—varEEEL, 7T AFEHOEENNOERRI RN 21T\ E L, BT
oA L OB MRE S MMIZ OV TL, BEfFOERBERB I MO I 2L — 9 &
FER L DI I | EER SR SN E L (K31 4)

IHIZ, YIalb—rvara— ROKERIEO—ERE LT, TXLF—REHEDT X
FEFERLE L, FREMEE ORI 23R e L, 2R3V F—T7 T v 7 X BEFOHE
oL -, BLXOESHZ AL —OZ{bE AW THRFE N EZFEH L, =%
N —REDEBINCHRFESNE LT (B5) , ZOMAEIZED, A Ialb— 3
v a— ROWEANE M R SV E LT,

VAT ABFRE T, B 0.00001l m OEKEEA v 22Ny 2 b—
IURERERL, TR TCOMEEEY 2 — AR EFICEEL, fTEOWIH T A —F %
HAOT 5L 2MRLE LT, AT Uy v UEER I OERSLMICET AREL, =
— FOMBAHRARE L ERESAOBREICL YRR LE LE, FiC, mik PML
(Perfectly Matched Layer) HERSEMEAEAL, 16RO Mur WINEER LR Z T
MG WM RE ) 2 Rigcm E S F Le, fadARICB L Th 2R HiEEZHIT L,
FDTD BT AREA =X LOBENEE Y £ LT,

ZHUC XD, KFZE TR SN 2 %ot FDTD-PIC 2 =L —3 3 UV AT ATA
NTHERE L. T OXYMENFTEIESNE LT, BEDO 20ns FTHOYI=2L—2 3T
X, 77 AILEFIRBIITEL T\, S56AR53HEZE L CEFIRBDE
A B L TWET, A-KDK EToOfiEl Sz MPLIFFIMEIZ L V| 20ns DX
2b—y a3 UE B4R TCRETHEETH Y, 100ns D I = b—1 =3 34 168 FEfiH]
(1) TETTEAHLEABLLNATWVET,

LSHOBREL LTiE, LD D EIRSIE N COlIENT 2 TEL TWET
AT ADE N (/v TAITr, N TL)

BEEmREOEV (0.05 scem ~ 0.25 scem)

AJIEIDEV (1.00W ~ 5.00 W)

Fo. T T HE, BEENT, O S Wo i B paEikIC B A E =X
Nx =A% (EEDF) B X OVEFEG= VX —oMm% (EEGF) %4 2%
LT, MEBENOT T AZFENIET HHME S HIZHEDDH TETT,
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ANRK (Publications) -

(3&30) [Proceeding][33rd ISTS]
MS.No.: 220114

Title : Research on Ion Engine Alternative Propellants Based on Numerical Simulation
Authors : ZEFENG HU, Naruya Hiroike, Naoji Yamamoto, Taichi Morita, Yuji Koide
Corresponding Author: ZEFENG HU

(AER)
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L= —A o= a3 VIt L3 XGEIENRTORR

Development of measurement technique for atmospheric disturbance using radar inversion

MIRARE : BOE GRERFAEFETIER)
hasiguti@rish.kyoto-u.ac.jp

MRSEE - EMHE EERRFEFE IR
nishimura@rish.kyoto-u.ac.jp

By ERMNAEORS EHEDHE

MRSEE - in AlE (EHRFEEFETZRT)
chuai.erlu.87t@st.kyoto-u.ac.jp
HY O3 alL—Y 3 a— FOEREHER

WZE B B (Research Objective):

AT MBI REAIT, v —F
— AT AL REIUT KD BB
BEEET AL LG DY
& #U. Nishimura et al. [IEEE, T
202011z X W B &, ZhIC L '
Hb, L—H =V RAT ANELF v
G (FWEHERD O,
L— & — ' — A & A 7 B
WD 3 RICEGE NI PTEE & 72 5,
T 7205, 93k DBS #HI TR
T d o 7 3 RonJRESG OFLHIN
L— & — = A EZF I S
Z & THRE L 72 B (Fig. 1), Z DM
RET LI, AT MVEIRL
RO W [ & EE A I ARV T 3
WL A HEET H 14 X —T 3

LT Y KA LRI, == TVTITLA
FAEFER I X D HEERERIED 72 Fig. 1 3 YkocEEE 0 DRk

WD, HELY R 2 b=y 3 VAR

L. RIEDIEERRGEZT 2 D & [FIF

2, PERIETH B2/ T > 7 TIESA VI X 2 JREHEE 1Z L 2 el b I & % 7= RI 14
DOFE e MERE bRl 2720, BUEEBR AT o7z, 72, MU L—4—% M\,
MIMO (Multiple-Input Multiple-Output) L — % — DB « FZIEFEBREIT 7=,
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FTEF % (Computational Aspects):

B 22 —vaid, o7V LD
F IR ZE I — R0 A T D EGELIR DS, &
% 14 R R Ay WA T A2 T B IE LY
WD T LI ETL — X —DE(F A
BELL 2D | Sl EHET T 5ET L ThD
(Fig.2), ALK OWIINLE 1T, L —F — D H:ik
RIZEDRE T, 70X Dl — 0 ARIZ L > Tk
FO, TV 7RO 5 AT E L R
LTW5, 32l —3 a0 Baxht, B
ROEEET T T ARENAKAFT D, AWFFET
IFL—F =V AT LEL T EL DI T VT

Fig.2

-4
00 5000

East.yeq (2%

4000

WHy I 2L — 3 v olAR

FEFS MU L —& =% EL TWD20, KRB HEEZ R H U= AN L7 %
(Table 1), HtELY 2L — ar OB R T /VITERZ SIS 20 T, #ELAZ &
BRI ATRE ) — R ETHEIL ., 4 /—F W TiE OpenMP % W= 4R AT -7,

Tablel I 21— 3 VORE/NT A—H
Ll EZEE | el
V—=R—= AT L | 7Y IR 0.032 sec
E—aFm (KIEA, 771ifH)=(0,0)
PRBE TR RE 150 m
REHE 6.45 m
AT AN 2000 m
ZEFr N 3
EZETT7LA F2, F3, F4
L — & — DL EERE (z,v,2) = (0,0,0) m
Fo T Y ¥ R 128 sec (%> 7V > 2 4000 [H])
HELE TV BELAEER V © » S EEE (M) | —2000 < z <2000 m
AR V o y SEEIEBR (Rk) | —2000 < y < 2000 m
BELAREER V O 2 #i#E)HE (LT) | 1500 < z < 2500 m
HEL AR VN BEL A ER 0(108) f&
JEpE (@, v,w) = (20,0,1) m/s
HEEEL o=0.5m/s

WHEAER (Accomplishments) :

feske, RIVETIIMHAMBERBRE AT 4 v T 0 7 LTV, LIZLIEERKT S
ZEWhoTe, FITT 4T 4 T HIPAEHIRT BB AT > 70, el 73 #iPH % 5
| Fig.3 IR T X ICHEMBEOE—27 7 715230 (08 EHERZ) OO %
TA9T AU TRHBLETDHE, BELTCTA YT 4V TIRNT D N ghoiz,
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Fig.4 (2, fEDO RIEL G BB RIEICE D, AR & SREROHEEE R4 77, &k
BRI RIEIZEY, A7y FHIELOZX LWL TWDZ R o0D, £z, SAL
EDOWEE BTV, SAETIIA 7y RAR LN, RIETIZETOHEE T A —
X OREWERZNICEEZ 5 A TR Y | BRI 3 IRyt EE RS J O EE /r i A #EE © &
7oo F72. RIETIE SA LTI DALV EREN & RS b HEEFETH 5, LLE
L0 BIREELOWHEL), FEAE L L —F =V AT LA EBE LTI AST VB
FRRDOA =T g 7T Y RAF, PERTEICHR, HEEDO ERBEL & BRI
WEOR Ex2MLZ LN TE D,
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—IZBWTERT2EEDEFE R T TR INOREHCEE L, kT v
TTTRETLHZ LT, WER N 2B 2 2% EER O 2T 28 Tch b, MU L
— R — B SHINCIETH 2 LT MIMO L—&— & U COBINIESRZ FE L, #K
DIEFFRAERERNT, B — DN EFEEREENCEZ D 2 L THEERFOBERME
ERER L. Ry 7o —EIZERe ODMA) N EEBL L7, Al —=a—%FHL
TE—L = ZHE L, Bia e FE LW RZ2E7-, MIMO 12X 0 F v o ru$k
NKBEIZHE 2 5 DT, Capon {ER EDT X7 T 4 TE B @A+ 2L T, &6
IZofRiEER M ETE D2 b EIELZ, Ll EREREERD L—F —T %0
RCHATE R2WEO RS DT, 5 AT MBI E AWl I 2 v
—a & MIMO L—&—IZISH L, BLIEE ROMEIR - FEA1T 5 2 & 2t L Twv
5o

BT (Publications)
(=F:)

1. R. Tamura, K. Nishimura and H. Hashiguchi, Volume scattering simulation for
3D wind vector estimation using radar inversion, Japan Geoscience Union
(JpGU) Meeting, online, May 30-June 6, 2021

2. Ryosuke Tamura, Koji Nishimura and Hiroyuki Hashiguchi, The Inversion
Algorithm of Atmospheric Radar Signal Given by a 3-Dimensional Volume
Scattering Semi-Physical Simulation, LAPAN/BRIN-Kyoto University
International Symposium for Equatorial Atmosphere / The 6th Asia Research
Node Symposium on Humanosphere Science / INternational Conference on
Radioscience, Equatorial Atmospheric Science and Environment (INCREASE),
online, September 20-21, 2021.

3. HFfFath - AAHER] - T2, L— 2 =TGRS = 3 T K D 3 kTR
e E FiEOBSE, A ARERRE R FES 2022 RS, Hik- A0 74 >, 2022 4
5H22-6 H3H.

4. Eou - VAR - B RIEZ, N A2 T 4 v 7 L— =T K DK B BLA R D
Y, AARRRTER 2022 FFEKF RS, JWRERT: - T2 7 A 2, 2022 £ 10 H
24-27 H.

5. AN - PERHEE] - B 02, MU L— & — % H\ 72 DDMAMIMO L —# —f#
AE -H = a2 —% A7z Capon #5 & OFLAEHE FER- HARKSR TS 2023
FERFRS, 740 - W, 202345 H 16-20 H.

6. Koji Nishimura, Erlu Chuai, and Hiroyuki Hashiguchi, Estimating the Cross-
Radial Wind Velocity based on the Spectral Observation Theory for
Atmospheric Radar, XXXVth URSI General Assembly of and Scientific
Symposium, Sapporo, Japan, August 19-26, 2023.
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7. Chuai Erlu, Koji Nishimura, and Hiroyuki Hashiguchi, Estimating the Cross-
Radial Wind Velocity based on the Spectral Observation Theory for
Atmospheric Radar, & 17 B MU L —4— « JRIERKQLV—F —T VARV T A, A
74,2023 49 H 19-20 H.

8. Tomoya Matsuda, Koji Nishimura, and Hiroyuki Hashiguchi, DDMA-MIMO
observation with the MU radar, International Symposium on the 40th
Anniversary of the MU Radar, Online and Uji Hybrid meeting, November 18-
21, 2024.
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HAT e, L— & —TFWitA vN— a3 2 L 5 3ot GRS HEE OMF9E, SFn 3 4
JEE RUER R S B A S0 R M Bk 2 B R R B S G

+5t, Development of Low Altitude Observation Technology by Bistatic Radar (/3
AAZT 4 v 7 L—F =T K DIRE BT OBFE), S 4 FE AR
W ERLRE RS A T L HYE L5

Chuai Erlu, Estimation of Cross-Range Wind Velocity Components Based on Radar
Inversion Technique (L — % —A X — g VNI L 57 v 2 L o P EGER S
DOHEE), FN 5 B R R AIE WP R E W A 7 AL E 5
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IR BB AR HEEICET SR - RNBREROLER Y
HEGEEEOEE

Atmospheric escape from a terrestrial planet: Comparison of exoplanetary system and the
influence of corotational electric field

MRARE  F EXB GRAERFRFEHREFH R
shotaro@tohoku.ac.jp

RS BE B 5T GO RFRFGH R TERL)
k.seki@eps.s.u-tokyo.ac.jp
B HEFHERVHERICEYT HER

HZE B/ (Research Objective):

A F T 7 E OFEBWIERIE, KEICBWTIIBERRE L W o BT EDO
(CEBEREEER-T. 2P TYH, REBARIEGNA A UIRHICBEE IR EE 5 2
D2, ITEOHIETH LN 72> CE . BIEO KRITIZBEABEHIGIE LD
N, WEOKBIIIHFELTWEZEEZ LN TS (Aclna et al., 1999). JRIEFKHE
T 100 nT & W) 5WEABE ZIKE LS E, BEA 4 Ui 25%8Ein4 %
(Sakai et al., 2018). — 5 T, BEHMGRELRHIEZRET L2EELRERTHY,
BT DL ET V& TR T, BEASORE 125 L TR T %
HOD, B DHWHEGTRE &2 B IZHEINCEE U 2 A REMEIV R STV D (Sakata et al.,
2024). F7=, AREMZEMEY; IMF) O X OFEVMNZ X - TH i & VT H S
L, BEAMEOBEN IMF LT THLIGAIIRAERRFCEHEMICHD
ERBH B E 72 o7 (Sakai et al., 2021, 2023). X 512, EHBENFET HHE,
EEDOHEIZ K > TAEL D ILEHREL IR E L 5 2 D[N H 505, £ 0%
ROV TOFEMZRMFEIT T TRV,

— 77, Kb X K QiR st (XUV) B BREE o 28(b & R RIS IS 2 2 K
2 EAURBREIN TS (e.g., Terada et al., 2009; Ramstad & Barabash, 2021).
XUV HSHRREEE, KRBT L7 RRICEMICEN T 57217 Tl <, [EEOELIZ: - T
BT HZENMONTWVD., T, RIMEKERDOFEAPHRNTED, XUV
FIREOEWE, TNODOMBICEBWTEHBER/NNT A X —L7D. e REER DX
AT MANBRIFNZH SN EN2o5H D Z &b, HEARXT MLVOEWNEE K
RUE(RICE 2 5 B A AFERICHITE T 5 Z LN ATREE 7o 7. LvL, ZhE TIZIE
BARYT MVOEWD RIS RITTREIEH LIRITIE A LR, 200
FEPEXEE o TS,

Z ZTCARMIETIE, XUV 2ETEE AT MLo@EW &, BEABSEFFO%LE D
AR DS KK AR 5 2 5582 AT 5. ARE T, hign XUV R
DFI HD85512 & LY GI581 & &, XUV 23 #gg58EV » Barnard 2R & x5 & L,
I ERERAKER LW, HD85512 & FIFEE O XUV S8 (89 10 50 XUV) % £f
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KR (XUV10 k) Lhb#ed 5. F7z, HKESESORELY L0 FHMICTHIT 5 72
O, BUEDO XUVIED 50 FOFKRIFETTOVIab—rvaramwE T 5.

FTE FiX (Computational Aspects):

AWFFETIE 3 WILE Ry — kBRI ¥ (MHD) €7 /v (REPPU-Planets)
ZHAWTHAEFE 21T 9, REPPU-Planets 1%, & &b EHEMEEKEDET Y 7 H
A X (Tanaka, 1993), =D, HIEKMAESCHEEHEOTT U > 7kt
15 k9% B &7~ (Tanaka, 1998; Terada et al., 2009a; 2009b). Sakai et al.
(2018) CTIHIEMMLKEDET Y v 7/ a— RICEAMGEZEATHZ LT, KRFH
BREOENEH LI LT, Ka— RiE 8 »OZLH 5D MHD X%, Total
Variation Diminishing (TVD) A ¥ — A% HWTHEWTWS. £z, KETI/VITERH
W& 7> RS £ CHROFENICHS ZENAIEETH Y, 14 A F U FEOEREDO A M
TW5A. RHFFETIE CO2*, O2f, NO*, CO*, Ngot, O+, N+, C+, He*, Ho*, H,
Art O ELZHENG LT 5.

ATIRTG AR —L LT, FTEERKKRET VICIE, KERBIOSRIKERICTE W
T XUV A~ kL% E[E L= Nakayama et al. (2022) OET VL > TH LT
AE KK E WD, [HEREE T A X — 2O T, fifkc XUV A7 K~ L&
WATEHRIZE- 2 2 B L2 HET 5720, BEOKERO O LM L, % 3 cm3,
W 400 km/s, {RFE 105 K, #3525 nT &35, ZO5MITARE, XUVI0 K&,
HD85512 K& M F GI581 RICHM S 5. BMEIIAEMEZHEMAL, TAEhDORIZE
WTHED K EE & RIFOHEMF 22T 2 EICRELRET 5. BRI,
KGR k2K XN XUV k21T 1.524 au, HD85512 2 Tl 0.622 au, GJ581 & Tl
0.174 au THH. 77 AVWEIZHONT, FHRR - A 42 - EFOIREDNFEMTH
5 EARET DN, JefThFZE (Johnstone et al., 2018) 12X 5 & XUV BREEN 10 (SFEE
(2725 LEFREN 2 EREETEAT MR H D, 2072, HD85512 /T
IEEEIRED r — A2 O T HEEZIT 5. —J7, Barnard 2% Tid X 0kt /e E
BERGMERRE L, AR 70 em3, WM 2K 600 km/s, WREZK) 16 nT & L,
BEZNEH TV —ND 0.089 au ([CALE L CHELEZFEMT 5. A4 - FitER
K[OG, fREEHEES S, NEME, EFHERICX 28R, 14 - FERK -
A - FHERKOEEE N, BAHERICE D =R VX —{HEE, BYREHEIZOWNT
I% Terada et al. (2009a and references therein) Ol %4 5.

KR ES OB EET H5HHE TIE, TORELWKICT 5729, JREFITTO
AW %2 2000nT & U IMF a— 27 U 7V E LR ET H. KEGEBEEE, W
iR, WmEICOWTIIBUEDOKEZEDOFRF L RO OZEHAT 5.

AWFFETIE, TR L TESHE 2470, MPTLZ W Ty R 2 b—va V&%
fi L7z, A v affpkd LT, BREAFMIC 336 7'V v K (Barnard 2% Tl 560
7w R), FEE - REHAENC 1922 7Y v KAWCHEEZIT-7-.
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WHEMR (Accomplishments) :

F9, BEOKEDOEER T A X —%2HNWT 5 S>OBME Tk E2ITo7-. HEXA
N7 FUZEEL T, KE 40 nm PLFTIE GI581 e b <, #iel T HD85512 K
XUV10 KB, £ LTREDIEE 72572, —F, K 40 nm P ETlx HD85512 &
XUV10 KA bM<, WWTKRE, GI581 DIELE -7, ZOFRMATIZEBWT,
R KL DAY 12 HD85512 5% & XUV10 K2 Tl b KX <, W\ T GJI581 4,
BIBIZKBER (KE) DIEE o7z, ERSIET X TOEERIZEB W THEE 200 km
AT T CO2, M 200 km BL ETIX O~ EEE Do 2. BIZHEEE TlE, HD85512
AR TIE CRNBERD ERDERNAONTZ. ZhbDRERRET LVEHWT,
FNENOEERICKH L MHD 5 %250E L, HD85512 RIC O\ I RS
ff (HD85512 (High Te) ) HINZ THNT 21T 572, Z ORGSR, HEHEE DL 0 1 TE
B RA DL Y L FEIEEIC HD85512 % & XUV10 KR TREL, R HD85512
(High Te) A TR bILND Z ENFER S NTZ. RWT G581 &, KBk (KE) DIE
ElpoTo. ERMITBED KR EREEZ, BHEE FETIX OB IENTH Y, &FE
MEFRTDE O ~EB(L LT, NUva v 7 OB R ONE S BHEE OILR Y
[Zxtis L, HD85512 58 & XUV10 KBR CTEREN DI NDHEMMN A SN, —7,
GJ581 % & KBk (KE) TIEREARE T RoT2. ZNOLORREE S LA 4 Uik
HERAFHE L= =4, HD85512 (High Te) AT bmi< 2V, BUEKESR (K&E)
TiROLIELS 2oz, 7, KBR (KE) TIE OfDOFMHEERN KL &N 7208,
HD85512 % M O GJ581 R TIL O3 i b i< 72 0, O Dyt =13 4 M1Lh HK< 725
7o, ZORERIT, BUESREEHELLTEY, XUV BREWERETIE O 03 Rl D
TEMEEL WD EEZLND. EHIT, XUV BEWEE R TIE C° NYOjiH
FHIMLTEY, RAMHB X ORGEICB O TEEREHZ R LD 2 L
R ST, ARFFRICE L QI3 BEm L2 ET CThH 5.

Iz, X Vs E R AR IR XL TW A Barnard 2R ICHOW TN 21T 7~.
Z DR TIHAE D EH R LRI W E & FFO 728, SRVINMBMNZ L - TREANFH L <
e L, C &L E T2 RADEMR SNz, ZORE, CtofiH» HD85512 A<
GJ581 R & HE_TRIFIZHM L, Z DR TIHRFEOTHHN LA TH D Z & A5 )
272 o7z, BUE, LFEFZEEL THOET VAERED IR EZHED TERY, ENLEZHT=T
— L LA HET THD.

AR B DL T _DH-DOFHEIZHONTL, SIEHE T THY, i RE T LIS
D TNWHEPETHD.

AR (Publications) *
(O

1. S. Sakai, Overview of atmospheric escape from terrestrial planets: Role of magnetic field
and solar activity, IBS Conference on Planetary Science and Space Exploration 2024,
Daejeon, South Korea, July 2024 (Invited paper).
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ABE7OS R AMED D ERFEFEAE S aL—a Yy

3D numerical simulation of solar prominence formation

MEARFE : Huang Chujie (Department of astronomy, Graduate school of Science,
Kyoto University)

BEAMEE  BOILT GO BRI R R K 0 5)
B FROEEEENE

IR BB (Research Objective):

Solar prominence (or filament) - cool, dense plasma suspended in the hot
corona above magnetic neutral lines - represent a captivating solar atmospheric
phenomenon. Their formation, governed by thermal instability (TI) and/or thermal
non-equilibrium (TNE), directly opposes coronal heating processes. These
structures serve as critical indicators of coronal magnetic fields and play a pivotal
role in triggering solar flares and coronal mass ejections (CMEs). Our research
aims to unravel the fundamental mechanisms behind prominence formation

through advanced numerical modeling.

Three primary theoretical models exist for prominence formation: the
evaporation-condensation model, direct-injection model, and levitation model. Our
work focuses on the first two observationally supported mechanisms. The
evaporation-condensation paradigm proposes that chromospheric plasma
undergoes heating-induced evaporation, and subsequent coronal condensation to
form prominence. Conversely, the direct-injection model posits that cold
chromospheric plasma is magnetically injected and trapped in coronal structures

by gravity.

Our unified framework, derived from 1D simulations, identifies the localized
heating height (equivalent to magnetic reconnection height at footpoints of
magnetic flux rope(MFR)) as the key difference between these models. This work
intend to extend the unified model from 1D to 2D&3D cases. We will replace the
artificial heating in 1D simulation with real magnetic reconnection, discover how
the footpoints’ reconnection affect the formation process and make a

comprehensive model of solar prominence formation process

Fr®FiE (Computational Aspects):
In this work, we are going to use MPI-AMRVAC to do the simulation work. The
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main computational aspects of 2D&3D are as followed:

In our 2D simulation, we will establish a time-independent background
magnetic arcade and introduce an emerging magnetic flux at one of its footpoints.
This emerging flux will undergo magnetic reconnection with the background field,
generating hot evaporation flows and cold injection flows to form a prominence. An
Adaptive Mesh Refinement (AMR) grid will be implemented to achieve a maximum
resolution of 500 km X 125 km (or higher) cell size, ensuring sufficient detail to
resolve and analyze the reconnection process.

Our 3D simulation involves three key phases: First, we initialize a background
magnetic flux rope (MFR) via magnetic friction (MF) simulations in isolation from
the solar atmosphere. The preformed MFR is then embedded into a realistic solar
atmosphere environment, where full magnetohydrodynamic (MHD) simulations
with thermal conduction, gravity, and radiative cooling drive the system toward
equilibrium. Finally, inspired by the 2D approach, an emerging magnetic flux is
introduced near the MFR's footpoint. The inherent 3D twisted magnetic geometry
enables the prominence formation process to exhibit multi-scale fine structures
and dynamic thread interactions, thereby refining the unified model through
three-dimensional insights. However, due to the simulation resources, the
resolution in 3D i1s lower with 198 km X 198 km X 198 km smallest cell size and
the analyze will be mainly qualitatively.

MFEAEER (Accomplishments) :

In 2D simulation (completed), we set the magnetic emerging flux at different
horizontal location to trigger the reconnection at different heights (Fig 1):

Case 1 demonstrates the formation process of the evaporation-condensation
model, while Case 2 illustrates the direct-injection model. (the main result is not
published yet, therefore will not be introduced)

Corona

|m /( /C:h Chromosphere

Fig.1 2D simulation: Magnetic reconnection at different heights
In 3D simulation (in progress), We have already completed the first two steps:
forming a magnetic flux rope in MF simulation by setting an initial magnetic
sheared arcade, introducing a bottom driving velocity to twist the magnetic field
into a quadrupole field, and finally relaxing it to a force-free state, as seen in Fig.2
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Fig.2 3D MF simulation, Left: magnetic sheared arcade before shearing and converging flow,
Right: Magnetic flux rope (MFR) after the driving velocity and relaxing
Subsequently, we introduce the MFR into the solar atmosphere and allow it to
reach a state of static, thermal, and magnetized equilibrium, as depicted in Fig.3.
This sets the stage for the ultimate phase involving the emergence of magnetic flux.
Currently, the final step still need more parameter tests to complete.

¥ 0am)

Fig.3 3D MHD simulation, Left: MFR in the solar atmosphere
Right: Temperature distribution at x=0 panel

NFTHRR  (Publications) :

(FRXX)
1. C.J.Huang, Y.W.Ni, J.H.Guo, P.F. Chen, A self-consistent model of solar prominence
formation(submitted )

(AEE)

1. C.J. Huang, A self-consistent model of solar prominence formation, ASJ annual meeting,
20249

2. C.J. Huang, T. Yokoyama, Simulations of solar prominence formation driven by magnetic

emerging flux: I.Setup of background flux rope and emergence fields, ASJ annual meeting,
2025,3
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e/ ANWRASREIZHEIT R I RILE—EE & hiEhiFA
HEEMREICE X 2B DRI

Investigation of Energy Transport and Neutral Effect on Thruster Performance
in Magnetic Nozzle Thrusters

MRARE - KE ## (BIEE LK)
BRSEE  IX —BE (HBEKF)

HY  HEFEI— FOBES K URTEHEROMEN

IR E M (Research Objective):

ANKEBREZ MO & LT REWEFH IO FZHRIZmIT, KE) OELKHEER O
ZERRFE N HED LN T WD, (EROEBELRHEER DL ATEXH OO T Y — N
WD BEEND DM, REIMCIZE L Tl Y — FOEEIC L 2 HFMIK T8 & 7
ol

ZFZTIHEERENTWDLDONRESR ) ANVATAEThb, RF IHETT I A~%
R L, R AV EMEEND ) ANEIROFS T T A~ &84 5, Y — K
ZHAWRVESE THEN AR EBAMITP AR TE D 2 RSN TRY . KEN
BRHIEERO A IEMTH 5,

W ) ANV AT A B OFEBUZT A O — DO HEERIZH U . 2020 FRFHT
1% 20%I2 & EFE o T, ZHITMFBIEROEGERR—NVAT AZITHRDL &0
RAEVT D, TRUX—DRLNFH Cllisd 272 0121%, HtESSR O EARD
bid,

I CHEEIRIZ, AL XA R T AN EE LT T A~ E— LD
THNLF—DHTERIND, T720L, #HEDROBE S ITHENIZFHF LS L Tnno
FILF—BEEZE®RT L, T2 T, MR/ ANVATAZ DT RLX—HEEZT5H5
EFE Z 2021 FEI2/TV, BEGIREOHEME & HIZ 40%FE TLEFRLH DI EAURE S
iz, HEMEZNZE 40% XM OB RHEMER & i L T b Ho7etEe L 72 5,

FERRE L 13BOT 7 u—F & LT, 2022 4FIh A TR DR ) AV a2
5 THEEZN RN 30% £ CEATHZENERTREINTZ, DATHEGIZLS=
FNX—HROMBINRIBR D0, 77 X~ NEEO T 3L F —ilifik & FZER I B
TLDEFIKNETH D,

AAMFSE T particle-in-cell / Monte Carlo collisions (PIC-MCC) JEIZ X 25T I =
—a Y ETO, WATESG AR LR ) ANVHEER OB EfET 21T > 72, B A
TR LR ) ANVAT AR DT T A< ZERICHER L, AT 2AZNEO
TT R TRV X R E LN T A LB ET D,
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#HF & (Computational Aspects):

Fig | lIZH A TG 8M LToR ) AV AT AX OFEET IV ERT, R/ AL
AT AMIIHBIR, RET U TF, YL /A RTHERIND, FHEMEEIE xy il TxHFR
ELTRY., BEREOBK ) ANVATAZO 1/4585%H 5., RE 7 7 FIxikEEmS
EED, TR EMAT D, VU /A NIZBRFERCTRIHIBEER L, AT
BHZ X DB ) AN ERRT D, XIFMEEBET D L x=0 NI A THEHOPLTH
5o stH I A FHIBO =022 R TET VAR L TE Y, HRERITHEEREZ ST
25cm x0.56cm Th 5,

FHAEFIEIZIL PIC-MCC &2 W e, ki 11X e & Xe" TR S 4L, N EE
Wt MER T DB SRR A MR < . 2 2 CEBT D EMSIL, Bkl - 0MED T ES.
W ) AN T 585 RF 7 07 & 77 A~ BN T D RF BE CTH
%o BN S FRINE Boris £ CTHERBL L, BUERIZAES . K FMEZ22 & L CE—HiEh:
TMEZEE2EB L CEB Y, MCC 15 CTHERMIZFIE T 5, ML - bl - BEEE 2 &
F, RF WEIZL DT T A~ ENFHE SIS, TR O FERE D & g 8 B3 FHA
S, ATV BRI VHESNROOND, LEOHEEZBY KT L TTIX
~ORMRBEFHEL, 77 XADOEFIREELZED,

1®/L% 50um x50 um & L, FHEEEA 500 x 112 S 0E Lz, ki85 E
1% 2% 10" m3, Pk 7 X 300 K TR « ZEIIC—E Th D, RF JEHEIL 80
MHz & L., WINESINR35W L2 LI RFERE 74— v Z7HIE L=, 44
> OW§EIA #4135 0.125ns, BB DR AL 3.57ps & L, WHlc ks 1 7ma ha v
EEN A HH T LA TH D, YV /A RERIZ2KA L LTEY ., Figl b <
—< NIV VA NG OBGHRE Th 5,

Solenakd magnatic lield {mT}| 108
B&
Snlanci
1.4 AF armsning e b
_ T2
_||3_ 5]
= 05 il d8
[} E“
(ki - - 12
04 0.5 1.0 1.5 0 25 0

X omi)

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.

AR (Accomplishments) :

Fig2 IZH A FWHE WM LR ) AV AT A X DEFEE - B RES 2R
. RF 77 FTfFE @AM B W TEEE - SiREDT T X< R0 LT
HZENHRTED, RF 77 TFEOFEELIC L - TSN E T EEE%
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EZTDEEBELON, ZOBEMTIINETOER - HELE —KT 5, /2. FLT
VU A RER 2 KA ZRE LTERORMI 7 —0R /) AVED bBEEIXMET LT
BY, ZoMmbERE —HT D, BRICBIT 20 AT ZRWER ) AVAZ
ABZNEDT T A< BEICHR L EE 265,

ne (10" m-%) Te {e]

0.7z B4
0G0 4
.48 g 36
1T 27
.24 18
012 0.8
0,00 0.0
% [ern) i [am)

Fig.2 x-y profiles of electron number density (left) and temperature (right) for the magnetic

nozzle thruster using the cusp magnetic field.

Fig.3 IZWR ) ANV AT AZ NI D= 3 X —HKENE 2579, 7272 L, AEI
35WT—EERDLIICHBEL WD, £, HHMI 7B 5= ¥ —HEK
BNSITRATHIR TEONTRTH Y | W ATHERICBIT 2 =3 VX —HEKEENS
BTG ONTERTH D,

T KAV « BEEEZZIC L D2 =R AX—HETH Y . BHBIRIC L 5Tk —
ETHDHZENRENT, FREAN x=2.5cm OBERZmilE L-A 4 OFE#— ¢/ ¥
—THV ., ZOFNENHERITHY T 5, REAOFIENHMI 7 — T3k 40% Th
ST2b DD, AT TITH 20% & T LN oTc, FEBRTITR 30% OHEES)
RWRENTWD B, B 7 =000 ATHHCT 5 2 & THEERIR 2 A E LT
Hlz, EREITES LR WRERE o7,

ZOJFRITEE - hEETRINDE D THY . FEBEmMICY -5 L THERLEY
TASDEZRNX—ThD, WATHHIZLIZZ & TRE 7 7T OE FOFHERIC
WPl S pfiE L 7a . 7T XN BEE LT oo bo b b,

SEOFHBEET NV TIEERGERZ BT DIITEL R oo, ERTIILELED Y
LA ROBRMIZENMTOENTEY . RF 727 FI2k L TIERNRR D A T
MHWHLNTND, BUROREET WIL y A F.OICEAESHREZIE L T D720,
X7 D A TR WD Z LIXTERWY, EAEDY VA RelFEtitREET L
WU, FEXRR7e W AT 2] D5 T & THEERN SRR E D A RN H 5, T ORITRF
KOFEE 725,
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Fig.3 Energy loss ratios in the magnetic nozzle thruster using the simple mirror field and cusp

field. A horizontal dashed black line shows power absorption, which is set as a calculation

condition.

ANFIRA  (Publications) -

(AEE)

1. LA —P& Pilot GAMMA PDX-SC O~V a7 J X<{R%Z%5% L L= PIC-MCC
SR OPIIRES, % 14 [ ICRF MEWstss, ik, 2025 423 H.

2. TR —BE, B AN, wEEE Gt AR OHESR, BOAK Ef, Double leap-forg % M
WERER T — A v MREFEZ 729 particle-in-cell > 2 = L— 3 > OfT, BAY
Py 2025 FFRFRE, AT A 2, 20254E3 A

3. JLAR —BE, XA R—=NBIGH DT 77 X<IZB87 % PIC #1H OWIHIRG, & 29
[B] NEXTESME - 5~ 7 )Wh7e4s, 5U#l, 2025 463 H.

4. JIA —PBE, BB AN, mE i, R GHER, BOK Enl, e et T X< o
PIC 3 = L—3/ 3 (2 [A)i) 7= double leap-frog V5D, AFn 6 £ Tk
YRV T L, AR, 2025 45 1 1.

5. BZWN &3}, | i, BRI, K ANk 57T Al a5 s L
72 3 WIThIF-RHE, 5 68 AT R AR AT 2, MRES, 2024 4F 11 H.

6. Y. Takao, Y. Kitauchi, and K. Takahashi, Numerical investigations of plasma distributions
and their time variation in the expanding magnetic field, 77th Annual Gaseous Electronics
Conference, San Diego, September-October 2024.

7. K. Emoto, K. Takahashi, and Y. Takao, Kinetic analyses of momentum conversion in a

magnetic nozzle, The 33rd International Symposium on Rarefied Gas Dynamics, Gottingen,
July 2024.
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SRR AA VHIRENZESSaL—Va VITETI(IERE
A5 2 & MBRICER R A FERE X R BGRIBE D fFEA

Non-thermal atmospheric escape process universal for Earth and Titan simulated with a
multi-ion component magnetohydrodynamic model

HRARE | AFEHE (RREMXZFEFHE-MYEFEH)
RS EE
RIEKXE (RALKRFEZHER)
B FEEECI - FREME
= HEEE (RREBRAZEZHER)
HY M2 VDFE
BEHES (RREHXFEZFHRER)

By hEBRKDEE

HZE B/ (Research Objective):

<WREOFR>

AT RIKIRACKRFZOWE L | 1 RIEDREBREZRRNR L b OLEMETH D,

REAABUTEF 97%., A F 2 2%, 7K3E 1%T, AAnEA B AT O M fE 32 O HER K O
RICHLELL TRy, ZREESFEFERERZOEMAIBYWEOAEKDERINLTWD

(Lopez—Puertas et al., 2013), ¥ A %X ORKEZAEA L., #ERIC &L @AY 72

BZ2 RH3 2 e TEAUR, EMTEERTTEOHERD KKCEMBREOHELZ ] & 08T

TELAMEMEDRH D, XA Z %, KBRS LEMSKE T 7 A~vICRES LI, K
KL DA Ty 7Ty TETTFHZEMAFERRICHGR L TV 5, [AEROMIIL,
KREECEZBAET 55 X THERPED 1 > Th D, HREKE OGEIHBE Y I =

L—vaicky, #4820 RABGERNHEE S TE7 (e.g., Michael et
al.,2005) 25, ZEMSEHEDNRER T, RERAZLRFZEIZENIRMA TH 5,

<EBIFRDE E TORRE>

Z ZCARMFIEIE, 3 IRTTCD 7 A A U RER AR T17% (MHD) X = L —3 =3 o (Terada
et al., 2009) ZHDOTEAL, ZA X KK DI G Bk D RERE 72 B 22 [
EOMIICE D LA TE 1=, FBRKAD IR Th D EH L AKEOHPIERTEE AR
EATE LT, A1 TRRULFEIG ZiEE So, KEBRFIZEBT 2 KKERA 42 D
B2 B Uiz, T ORR, BHERA 403, KEEJEEIE 2§52 (4 X107 55 0. 3 nPa)
FTT20 BB S E 2 A, BGRRIZ10-25 5L 720 . HEZRKBRERIFMEN R 2
Too — . IKFRA A UIEREOBEHFE TIX, BB L ZHIRWE-72, EBRKAO
mETR Ty ANEEERFET DL, LFTOZ Enbhol,
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o KFERZUIAEIE (HEE 1700km) LV bE&EEIZ, ®EE (K10%cem®) TAL 5
MLTWD, ZD72, KIGBOEBNCERR <, AEIELD b EmEmEICBNT
—EBDOAFT Ly 7Ty TOREEHIE AR T,

o ERRFUISMEED FITEmEE (<10%/cm®) THAM L TWD, @\ KEGEE) £ T
A BEELL FICKBBRBIGMRA L, LV DEFBA AL 27T v 7 LT
AV

Z ORERIT, KSR & EHEDIR D KGERAAE TR Lo K& OKFEDIAE
IG5 TREADIET )] BDRGOEL & LITRMAB L TE 122 & 2Rt 5,
RRDIETINTEET A MBI E AR O =RV F—RICR 5720, b LHEKT
S AL EFRRDOEIED B - T2 56 . REUEILA fn D3 AP I T8 U T2 mTREE:
N D,

<AHFFEOHIFER>

KRB TlIX, KREGEUZ XD KKtz -> T2, EBEORE T A % VI3 HE
BEABBNICHHEE L QW DR E S, LEMAE Y X~ (LLF, LEE) 2 E At
F5HZ LI LD RGEBAENAEICREAEL S D, TEBRIX, KR &7 X ZADONH
MR OBRFECKEED KR T 7 A NEHRT TH D, KGR E < B oMo+
BEUZ LD 242 0 REABRIZELS ORMBATH S, RBFEOMIETIL, L MHD
ZHAWT, ZRERICK 2 ¥ A % U RAEGRORFZERIA B OMINCELY #Te, £/2, ¥
A Z DR« T RJEKRKBGROMIA L AT L, [/ U850 MID 2 FW T,
DOHERRBOSR AR L, A X OBk &g L, mEEK EBITED X A &Z 0
W72 R Bt e 2 H 9,

#HEF % (Computational Aspects):

7y R¥01922 OERiE 7Y > R4 720 Jgak (T, 90-360 =7 Z W72 MPT 12 K W41

FHHE T, Terada et al. (2009) THREINT- 1 ALY A A4 a— Nefifniz, K

RO ER T2 &, FHERPHIIRIRD S H K 600R DZEM 2 FHE Lz,

o FAFV  FERRABELIBBEAS T THREIND T T X<t XA X% IR
AT, KFE - EBRREEROA 4 U 28T 5, KBRS T oK< %
FEBE U2 fEE (EERC, 2024) & RIBRDMENT 21T\, BUGRRSPER A = X A
REA L, KEBEIC X 5 K& EGR & OFWCE B2 BT 5,

o HMER : FHEMNEIRIICR S TH A X LTV TH D, RO HIER A (1248
EL, KRz 2, BEOMEREEE LZERK (@BXEE7 7 v 7
AT THAESNIZKRR) CEHARORZREZBE LIZF RGO MR E L, K&
WEfE<, fE (B, 2024) & RBROENT 21TV, B E0loh A 7 =X
LERERE L, XA XL DB B Z IS5,
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HREER (Accomplishments) :

<FARZU>

TEBRAZEELIBEA A THIKIIND 7T A<iiie 2 A X AR E AT, KE -
BHRNREIED A A4 W2 B 2 F0N TE 7o, KSR To KRR R 2 58 Lz,
fEE (B, 2024) & RBRONTZ4TV, BOGRREZRE L7 2 A, RUEET
IZBWTIEEEEDIE ) NABE LY b 35595 < BRRREWRA 4 2 ok S8

TWAHZ ERbrole, —FH, KFERTERA A 13 F CEE FIZBW I 2RO
FZONRKERE LY G 1/ 2RBEDRNVBRETHDLZ EnbhroTz, T, LEEIC
K DB DT D DR ICHED EKFE Z REKHITRFF L, fFF ORI EFICHb
SRVERIFLVEGRSED Z LT, RADE TN IEFIE L 22D Al et 2 Rig 4
Do LML, KBGO KBRS L 2 KFERGAEGRIZ, REEIROKFE & KRR
DIKFEDIRA TR AL TEY , EFLD 1/2 OEOREMEN ST & H3VHB
L7z, BITEIL, KGROFEICSEHREY . KGRI & KKGEIR DK 2 ISy &
L CHBE L DEFE LT 5 FIEZ B FP CTh D, ZHICL b, KGR & -2 )R
DR A 7 =X LDiE N, HIEREDEREZBEEL W FETH D, TNHDOEE
HH., A, 8] BB L LT, AAHBKRERSESYR2 0 2 4, HERERK -
HIER R R PSR 2 0 2 A5 OERNFEESTHRE LT,

< HuEk >

FHERHNNCES THA X EEWSEETH D, BRALOHERZIZBE L, KX
ot 2 #5572, Yoshida et al. (2021) 12Xk > THEE SN iBEOHERZ TR E LT
fZiRAKFZRER (BREET 7 v 7 AT TSN RR) OofiziE L, KR
A F OB AERRN-, fE (BRI 2024) L RO 21TV, #hRE B
b o 7c & T AMEREERERF DO KHE KRG & 10%g % 3. 8 (B4 THiVE S ¥ 590 1 e i ©
DT ENPIoTe, ZOMBLEGERIT, Bk L2 AKFERZD 6 0 HIEREELL BIRAS
LERZEMELZERL, EOFTRERICLLIE Yy 77 v TRHEICHRELTND
ZEIRERNT D, A%IT. FEMAECRIBEE OMRIT 24TV K EGEIR & KRG
DA F 2 Oo3BfEZ R T, BILHFEOE B O X A X 2 & DG ZIT 5 TET
b, TNOLORRTEE, AN, B HHfLE LT, AARHBRRERFEG TS 2
024, HERERK - HERREBEFSHME 2024, RERTFSHRE2024%F0H
WFESTHE LTz,

ANFTIRH  (Publications) -

(RRXE2—)

B OmA. KA AR B ERE. W RS, AiHE Ef P KRB, &
5. f8E AZpdk, SFHOERL. 3RTERDA AV ERMRIEKIIF I 2 b — 3
N KD EHERIC IS I B IEIE KB RKDOIEAERTET Y v 7, HAHERE
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BRFEEA 2024 F RS, HIEA v BTV v R), 5H, 20244

EE EHA. KA FEL B ERE, EHORE., BiH S, PHE SR, & s
R, T8E e, SEH O ERL, 3 IROGEES A A U EMRIE 1Y I a2 b—T 3
N X DBEMERICEB T DRRKERKOIEMNERTT U 7, AARER
T 2024 FERKFER S . TUNRFEFMEFE#HERSE, 9H, 20 2 44

EE EHA. KA FREL B ERE, EH R, BiH S, PHE SR, & s
FG. 8E e, FH OER 3IRITCER DA AV ERE I I 2 L — s
N K DI EHERIZEB T DIEKRERRDOIEANBRETT U > 7, MERERK
R HIERER B 72 2024 FFERKFE S, BN HAIZEET, 1 1A, 20 2 44

EH e, KRR AR BOIEREA. RUHE B, RHE R, Bl A, EE A
Tpdr, SEMEM, 3 WITHMAMAE NI F Y 2 2 b—y 3 U E AW EEEE OOKE
JEUZ £ % 2 A 2 v RKEGRIBFEO g, A ARMEKRER S 2024 KR, Hik
Ay, 5H, 20244

EH e, KRR AR BROIEREA. RUHE B, RHE KM, Bl A, EE A
Tpdr, SEMEM, 3 WITHMAMAE NI F Y 2 2 b—y g U E AW EEEE OOKE
JEWZ LD & A & v RABGIEFED L, HEREMA - HEREOR B S22 2024 45K
P, ENBHATERT, 1 1A, 20244
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Particle Simulations on Space Plasma Interactions with Solar System Small Bodies

PMRRARE . =€ FT WFXFHEHPZEELV S5 )
y-miyake@eagle.kobe-u.ac.jp

MRSEE: AHF £z @HFRXZRZFR VA TLERFHARER)

h-usui@port.kobe-u.ac.jp

B SEHERETIL - BROKE
FH EBft (RIAEKXRFRZREFZHER)
teradan@pat.gp.tohoku.ac.jp
Y REFRRIOBEE TILIRE
FH #e (REBXKFRFREFHRER)
haraday@kugi.kyoto-u.ac.jp
#HY . AISAYRBEOHEHBMAR
AEF ERK (JAXA FHHEFEHEA)
nishino@stp.isas.jaxa.jp
HY . ATSATREFORIK
hE Z (HERFERFRY X TLRREHARH)
j-nakazono@stu.kobe-u.ac.jp
By . AEAMOOFERFEDRE
N# R (BRRXERZRS AT LRREHAERD
kawamura_shunsuke@stu.kobe-u.ac.jp
B TSI XTHRFHEDRE I FIEEDRE

BR EHE

(MR RZEXRZR S AT LRBREHAER)
ryusel.sakaya@stu.kobe-u.ac.jp

BY . EFEBICEON-YAOEREEL RN
A MR (RRXFERZRS AT LRRZHARE)
yuito.tanaka@stu.kobe-u.ac.jp
HY KB M- AIHEFEERI 1 L—2 3 VR
R Bt (MPRRZRFRDATLEREHARH)
yuya.izumikawa@stu.kobe-u.ac.jp
By BREFEEI(CGHRERGREREET VY
HMH % (BPRREXRFERIATLEREHARH)
murai.yuta@stu.kobe-u.ac.jp
HY  BESEEISAVTHOBAEFTERROBKE
BHHE K (R RZRERVATLERFEHARH)
sakata.taisei@stu.kobe-u.ac.jp
BY  RES>MEARE D HERAERETM
FH BE (HRRXERZRSXTLEREHARH)
nakai.shunshi@stu.kobe-u.ac.jp
HY SRELZEBERICE D ZHFHAEERGTEMEER

=g FX

B

(P REXZERD X T LRREHAERD
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INIRIKEDFEMARTA T IV ROBEETILEERE
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WIR KFl (MPRRZXRFERDATLEREARH)
sakakibara.yamato@stu.kobe-u.ac.jp

BHY  MNEXEKEOFEMRETA TV AORIEETILFFR

WZE B B (Research Objective):

AR, b LS IIATEE R Eo/MURIKIL, £ OEEERm D KGR~ 7 X<
CHEBAHAMERT 5, TORER. KGR 77 X~ W& L IEE S IRE O
WXV RImPHFEL, ELEHESCRRICEYD I AvmBHEIND & T oA 7B
I 5H, ZIO DOWESBECENVER SN D FEZIZL Y . WERLONE ik
WAEL D, AFEO BT, 2 E TICHFEE DT> TE /2 Particle-in-Cell (255
SKHMEAHN T T X~hif-v I ab—ra VIFRZRESE, ATHESCHRED

NERRAR ] & 77 A~ BOMABEAZERT 52 L Th b,

fTHEF % (Computational Aspects):

3 It Particle-in-Cell =2l —al FEIC, N TAESCTHERE OEKRER O
ERIEH A BN 72 EMSES 32l —3 g a—FK [Miyake and Usui, 2009] % fu>
Do RFVETIL, FHRZEM L CHEfA R BB ZFF OO T T X~ R 1L Z2[H]
HCEEBIIIC E RSN FH B O T B A U1, FHAICREED L L
IZEo T, IR~ DEF L FFERE ORI EE B O EE 5 I EED 5, EMSES (12
BWTREEERmE A THMERIL, 7 I7RXh 2 e ToNEEREL TRbND, i
REZATIZWZ EMSES =t —RIZd, BREaai #5107 U -S4 ke OhHelp 7 /L=
A2 [Nakashima et al., 2009] (Z3&-S<ENAYE ff 47 HiobAE 2 9225 L T, AKDK v A7
LD XI5 ARV FIGH R S AT A CERNRIRFE N ATREIL 2> CD,

UELE T B3R EMSES Oz, QT 7 AV aEE:E (DSMC) IZHE-S<E Bk
KAzl —& OB ZEFEE (DEM) IZE SRS 2 —4 | Of BB AL FFfH 7
B FERIEIC R SKBRBHRETE L I=L —¥, REEEOBEET VEBRMEL T, 5
EHEHEL CTUD, ZOHHLQOIRERE#E L I — X DI S FEIEIZOWTIL, IRIAT
ZDFEAMEFEITT Do

MEAER (Accomplishments) :

AKDK ¥ A7 L% WV KRS 2L — S al BFRIC D, 2024 AR 13/ NVRR (R B i

\ZBET 5 FRR DR a5,

1. A EOEBIIE DA — L ENERIZIE RSN D E iR OB % 7T X~k
Ral—iall R L,

2. i Rab—ara W7 I~ — R BEAERTICED 7 e —7 Mo+
WAERNIEEIZ -2 53 BD KRESIEFESMEIALNTI LT,

3. HIERRE KB 2 A I/ AL N T A Bt BB Bl O B B AR AT IS 1 LR T D
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R BEORBR AT T IS, ROEEI R FIEZEANTLH2ET, WHIEHRIZED &
W bAFEBLIZ,
VUBETIX EREDOH | R 3 OB ZFEIT T %,

KGAEE SRR Z 2 5H FHRKQ T MO —ERZEINE L TFHEREA B A
U7 245 3R T2 FRE [ Tl TO BN @ E o TWD, T2 X HIERIE KB 0 7T X~ BR
RAERBLTORKE 27— 30 MHD §HREE N T2 B R A2 A G b7 ERRR
[ — N\ T A R B B AR DB 38 A 1D TUD [Miyake et al., ICCS, 2023], @<t 5L
125ET VRIOWEIE I OEEEIZLY | KRBT 0 W RO B2 2 EH R O H
IZEEIL TS — 5T, BHAE O @2 AL OBLRCHELEE T V[ O A faf i OB CTIEEE
AR S Qe BRIICIIRES I MHD G513 ZE s o BN LD Sk 3 e &
TVWDM, HrERHREITIE IR EZETH D, Lo T, k& MHD FHE O @5 =1 TR
TP E G E OGRS E DN L 7e > CLE9, £ 2 CREAE MHD FHE O S5 T
RFD FEATIF & A A D FATRE R DT A% AT RE/R RV & D728 | 47 FE F A DO RF ] H
WA ENZ LD FIME (RERE 7 Ml F1Mb) et L, EREEEREMEEZ E L7z [FaC 4],

R A LS NS R OB 5 I Tlid, £ Z ORI B A K EZART
THL7= ET, EOEERREHILE TGN RN T 7 a—F Thsh, Yzt
\ZHEDE | AT ZE TRIA<S WG 3L TS Parareal 75 [Lions et al., C.R.Acad. Sci. Paris,
2001] Z_—AE LTI 7 1A 51 2 B R~ ] Uz, 28 T CTIEEHE S R o I
I A 7 R N B O 4 R I 0 FIL . 22 o oy R fRikE B o 7 mt
AP Y G HZ LT WHNZRERIFE EE R 21T, 50 e i aE ek R L 13 R R A I D<K
FRRN B DT80 H 57 RERI IR D D70 X H TIEORIEEAS DNBLALD, Parareal {5134 RFH]

Receive plasma macro
parameters from MHD

!

Caleulation of charging | Parq]]e]-in-Time

time constant 7
Coarse Solver Fine Solver
(zequential computation)  (paralle]l computation)
i Time domain- Ty; Time domain: T/ N
T~ No
=7 _t=<Constanta Coase Process 0
Yes I_I_ - _|_|
1 Ig &, T., fe Process 1
Computation of //’J L
convergence potential -t L
by Newton-Raphsen fnitial varizbles af each L]
* T method partial time domain are
updated Process N-2
Process N-1
Next iteration .
r=r+1 No _—" T
Convergence =
Tes

1 R[] J5 TSR 21| SEAE R O R A AR R R T —
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TR O RS PR CELREIIRDETREFAEEZH O TE IEA# KT FIETHD,
BB R R BRI [ DRI A ZAEIE T D7D\ CHF I A A hg D B 702 2 FEO WG 38 B3R 21T

9. —lE AKEHR LI REE A 252 FH O D23 Vi 77 15 A (Fine solver) Tdhb, —D

Hid, AREHRLIZWS O X0 KR E ORI 4% WDV 73 1 R (Coarse solver) Téhd,
HLWAE T B LR R I AN I 2 DD | Al o0 18 2 I (L] 3 2 4% 1] &30 4 R[] A ik

M OBAERE RO S LB ET HEEZFFD,

8 3 IRE ] e [ D BB S R O AN HEG DAE IR, 4558 50 IR [ SRS D W) I & BT L 72
DHEN B EHEENE T8> TEET 5, BRI, FRTOE RS
Fine solver & Coarse solver ZfEXED HZ LICL > TENE NGO 2 EAEE, —
ATOEIERAEIZI51F% Coarse solver (25 D<HiT BN fEZ VY, Newton-Raphson {£ED 7%
ANZFEDWTE U ATEME HO A [& R, fHAMTEEE, 2011] 2D, X 1 [df
WG mES b Z L5 6 O 2w B R 7 —F v —NCTHY | KB FH A AT IZ[F
FEZ AW TAT R 2 S Z 12T, B ARIZBWTE T ARSI W TIRIE A
THWEE 21TV, 25855 e SE I D W E 2 B89~ %, SRS wIiEa AL, &
o7 RE R AR | 248 7 B R DSl O 03 2 W B C R 35, 4550 oy e sE Ik D BE U ks
T OEMERE RDOREES WA CELRETRDETIO 2 FIHOEE G AR T,

IRFf 7 T B RE 2 FEE LT T AT E© 7 L2 BBl MHD S Xal —3a LR s
W BERGEE L T2, FH 77 A RE L IR B 7 AN— 20338 4L |
KIE Galaxyl5 R OREERAENRESNIZ 2010 4 4 H 5 H OB EBRFELZEE
L7o, YEXEREEIC Galaxyl5 S BRA AR N THENRSNI-ZE2EL, HEEL
RufENT LT, AKDK ¥ AT 5% vy, #lERREESUE 72— 3L MHD AT 512 7ri A
P RERERIRIC 32 Y e A W OEEEA G T AHE T T 1 T e REE Y
TCRHREERLT,

2 [ FHEERD BRI SIS T DR O A D ENHEB 2R LIZb DO TH D, 30 1%
EHkRET DO RFEH A 8L T, RIS 3~4.5 kV FREOABENITEHEL TV,
WSS R, R RIS T S b A T A RT O EFETF I BV —E AR R T,
FEEE, W HME IR OO XIRRZZ X 3 (TR, #hor RFE OB P DIR DTN

ey
ol — 10
—-500 . L /
10
— |
= -1000 o L HH ¢ N,
£ | R
— []
S _1500 @ 1074
= >
c )
8 -2000 =
[e] D 98 4
O _2500 o
—3000 1 o]
0 500 1000 1500 2000 0 500 1000 1500 2000
Time [sec] Time [sec]

2 HIERO RIS DR H A IS B 3 IRFR T 1A A SEALE AT O 2 EEAL
LB OET VT HIE TR DA XA
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JEUCRAZEIIE BT 203, TOKREET 10-5 LI FIZHA6NTEY, FHRAK TH CTHE
SN R BRI ERS L CTHo7e i E 3 RS vz, Yikit BRIV T, 32 1651
FAT YL T 29 fEOHE R ENELNTRY, By BN -3 51 F2 5803 2hI B BE
THZEDHED DB,

ZE[H T NS A B A - 7 Vi B BB B3 T T BV T BBl EE-3<AE
fbBLOEELE R LTz AR EIL VT ZA LD R KBRS 2L — a2
A7 BT THIE T VORI AEEMEZ R THOTHY FFROFH KA T H
AT LD EEAL~DFHLOIBER THZDOERITREN,

DT (Publications) -

(FR30)
1. Miyake, Y., J. Nakazono, Y. Miyoshi, Y. Harada, M. N. Nishino, S. Kurita, S. Kasahara, H.

Rough Surfaces of the Moon, arXiv, https://doi.org/10.48550/arXiv.2410.05913, 2024.

2. Jao, C-S., W. J. Miloch, and Y. Miyake, Collected Current by a Double Langmuir Probe
Setup with Plasma Flow, IEEE Transactions on Plasma Science, 52(10), 5222-5233,
https://doi.org/10.1109/tps.2024.3501310, 2024.
to the Solar Wind, J. Geophys. Res., Journal of Geophysical Research, 130(2),
https://doi.org/10.1029/2024JA033490, 2025.

SRR RS RAIT L2 10) F Te i R R R A O I T RN S DR RS, AFFEERE A T
—v L Aarta—7 42 (HPC) ,2024-HPC-197, 4, pp. 1-8, 2024.

(O 5E)
1. Miyake, Y., J. Nakazono, and J. Deca, Anticipated Micro-scale Electrostatic Structures

formed on the Rough Lunar Surface exposed to Space Plasma, AGU Annual Meeting,
Washington DC, December 2024.

Rough Surfaces of the Moon, 17th Spacecraft Charging Technology Conference (SCTC),
Avignon, June 2024.

BT, EHFN5A, RAROER T, A mEER - SRR A T — A(LERIT), H iy
BEREE DA & 3, BEE S AT T A 2025, lE, March, 2025, (F4FE£5H)
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Particle simulation for plasma thruster

BIRARE - HILAE (FHEATEVTIIER AR
nishiyama.kazutaka@jaxa.jp

BRMEE - HlREsE (FHipizE T IEh R
tsukizaki.ryudo@jaxa.jp
22 b SR o L — 3T
DI/ (Stanford R7%)
yusukeya@stanford.edu
HY :a—-FRF - vIzL—vavEE
DiREPA (TS R SRR
ayumu303@g.ecc.u-tokyo.ac.jp
HY a—-FRF - vIzL—vavEE
DIREHE (T AT RS RRE)
choh.shinatora@jaxa.jp
HY :a—-FF - vIzL—vavEE
C RN (T AT R SRR
ryo-shirakawa@g.ecc.u-tokyo.ac.jp
HY :a—-FRF-vIzL—vavEE

IR BB (Research Objective):

KR 7 7 A= 13A4 A Zxt L TEFORRENEWIEEHE 77 X~ ThH Y .
100W F2EE D )/ NS WE S THARK AR Z LD, FEERD v F L IR 7 T X
YT AAT LA E - BB TOKE - HE. £ L TFEHMATH Y 7 X~ #etErk
72, TEMICIRIAS SN TWD, AFETRHER E T 5 FHHEERICHW ST
WBHT T AT, —RICZDIKIRT 7 A<IZ#ZS L, 7T A~ LW RT AL DILFEK
JERLENES DT T A~ RETE R B8 < OBEDIEFICITHAFEN L TN D, £0
Tesh. BUEMEMNT DN BIGHR « TFRENCHADI TH D, ERNTIIR—V AT A Z | W
RS AN E [ TT A~ Tz @ e HE T HEERE O e BRI A3 DRI AT o T
BY., HFEEOOMEI N—TTIETE YA 7o ha 308 (BECR) A A4 =2
v OWFFERRFE T oI, BARD/PEERERITIOSS, TS5 2 I vy a VO
ICRESHBR LT, BUEX, 1058 0%KEI v v a o (DESTINY') Dicmid, HEX
7oA FHEEOMBEERIZL Y =Y - JHER DR D BLG OB
fREH D0, MRS AR OHEERK S L CORIGAR ORI 2 B MNCH Y #
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INTEY . 2 A HEET AKIE T T X~ OEEMNT O \BEMENE E > TV 5, A
ORI, BE S 2L —a WA AP ORNEMERZ A ST L,
TR BRI TAZ L2 A E LT 5,

IR 7" 7 X~ OFAEREAT IR, FIEBERIY R FE & R FEO 2 0T 7
2 —FNR AW STV S, EE3FRAY 72 F1EI121E Particle-In-Cell (PIC) £<° Direct-
Kinetic (DK) {E72 E03H 0 | EBFRIVIRE LS RBLTE 508, FHAE I X MAFEFIC
W, EDTD NTHRET A A OEERERH WY ERIRGCEHR LY |
FEIAEE A A (PRI ) ZBEE LD 578, BERMICHE LB LE L 2 5855
MEN, —7, AR TIE T, B0 A 4 OB E A A E L, oA Bk
DHEEE—A L M (BE, 77 v 7 A, =X LF—RL) ZFHERIEDL, £0
7o, BEERIRTIE L AR EHEIIEFICY XTI A THY | 2-3 IRILOFHHE
~OWIR S Th 5, L L, BEEGH R ORBUTITIREN & 5 720 T RNV
Whkied, MiZh, EFDPHAEIA MAOREBNRKE WO, BEFE2RAEN, A4
ZIEFFRICH O Hybrid 7 v K< AL TWD, EERICHEES bITlREIC,
PR 77 X~ LFUHEMOM BN ZfRAT 5720, = DU DA F o B — LD
BUEFHHE % Z @ Hybrid €7 /W CHED TE 72 9, E HIXFERMbLOWMAET L2 W T
W23 EERIITEFIZIISG S E L, ER e D6 | LB T DORELZE
LIZRHRDOEENZEL VI > T D, £z, R Pvid, =Y N0~
T A HERERIZEBNT, Bt mEFIC~A 7 a2 iG L CE 2T 5E 1
Y42 m hrr kil (ECR) BG4I LTEY ., = OMEEHNARBEDTT AL
WETH D, £ T, BUVMESE DT 255 123849 2 BT MEIEE I R4 %
[Transverse flux method| "D7 A "t &, A 7 ik LIKTET VORI T
7Y 7 (ECRNEARHL) FIEFFRE D 2 S& %M L7,

HRME (Accomplishments) :

(RSB RIREIC 3 S Transverse flux methodl] MF X FEHE]

KR 77 A~ 2B 2B FIEOEEET U 7Tk, KU 7 ML (DD) el
MEA< HWHILTND 9, Zhudk, ErEELZEA L, EEhERFA 2RIl &
BCX BB S D R 7 MEREENARIC L BB SN AIEEED 2 H)HET
Ty I AEBICHATE L5750 THD, NU 7 NAIZIIBENE, JLHIHA
(ITIEBUR B k7 5 & U CHAET D03, BHLE o6, BENE & IR di v
THhb2MOT U I NERD, ZOT 2 Y IVOIEMANIE, BEREEZEL, K
BIEOWHMEDOEAL LB ZERMBNTND Y, T e — I B PEILE - & o
S ZOME~OxLE E L TIE, Hagelaar (2 X % [Transverse flux method] 7<°)I
WEIZ X% THEEUDR ARG MER SN TWAD, JINBIZ L 5D HEEDHRRE] $913E
AT ERFAEE CAGE L CRHAZ B T 2P MR P2 aiit s LI FETH D
N, RRETDHA A= VTR, YR T 7 A= 5 CIEFH A C O IE R fE ik
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(—R) DELRKRE L, FTz, 7T A AT SRS < BERT O Tk ik
@E%f%étw Tt & B0 H5 BRI IE RO ki) 132 0 % FH T 72
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Investigation of the acceleration of interplanetary pickup ions
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A Linear MHD Theory of Tearing Instability
driven by Hyper-resistivity

Tohru Shimizu (RCSCE, Ehime University, Matsuyama, Japan)

Research Objects (Abstract) :

The magnetohydrodynamic (MHD) linear theory of tearing instability driven by hyper-
resistivity is studied. The usual tearing instability is driven by the resistivity of the second-
order differential magnetic diffusion. In contrast, hyper-resistivity reflects fourth-order
diffusion (Appendix 1). In this paper, first, the equilibrium of a 1D current sheet maintained
by magnetic annihilation is numerically studied, where the resistivity 77 and hyper-
resistivity 7) gy may simultaneously work. To quantitatively compare these two types of
resistivity, a simple equilibrium flow field is assumed, where the convection electric field at
the outer edge of the current sheet is fixed at a certain value. In that case, the equilibrium
magnetic field is determined by the inflow Lundquist numbers 1/Si and 1/SHi respectively
defined for those two types of resistivity. Second, the linear theory of tearing instability based
on the equilibrium is studied. The linear growth rate A is determined by the Alfven Mach
number €, the wave number kK of the perturbed plasmoid chain, and the distance & c
between the upstream open boundary and the neutral sheet, in addition to 1/Si and 1/SHi. In

general, A tends to be greater for hyper-resistivity than for resistivity.

I. Introduction :

This report shows an extension of author’s previous studies (Refs.1-5), in which
the linear theory of tearing instability was studied for the second order G.e., usual)
resistivity on the basis of LSC theory (Loureiro, et.al.,PoP2007). There have been
several studies on hyper-resistivity. Aydemir (PoP1990) and Huang, et.al.
(PoP2013) studied the tearing instability driven by the hyper-resistivity in linear
MHD perturbation theory, where the equilibrium assumed in their studies is
rigorously satisfied in the ideal-MHD limit but is not rigorously satisfied in
resistive MHD and hyper-resistive MHD scenarios. To correctly study the theory,
the equilibrium of the current sheet must be rigorously satisfied. In addition, those
papers followed the FKR theory’s strategy (Furth, et.al.,PhF11963), where the
mner and outer regions are solved separately and then connected with the so-called
A’ index. In that case, the outer region defined outside the neutral sheet is
assumed to be ideal-MHD, and the inertia is ignored there. Then, the inner region
limited to the vicinity of the neutral sheet is solved in the hyper-resistive MHD.
Then, connecting the inner and outer regions with the A’ index, the perturbation
solutions are found. Hence, FKR’s linear growth rate includes the A’ index, where
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'=0 corresponds to when the growth rate is zero, i.e., the critical condition of the
tearing instability. It means that the critical condition for hyper-resistivity is
essentially the same as that of the usual resistivity. As shown in this paper, the
growth rate is not related to the index.

The equilibria employed in this paper are rigorously satisfied in resistive MHD
and hyper-resistive MHD scenarios. In the resistive MHD regime, the analytical
solution derived from LSC theory is available as the equilibrium. Meanwhile, the
equilibrium in the hyper-resistive MHD regime can be numerically obtained via
the initial value problem (IVP) technique. Then, the linear perturbation equation
based on the equilibria is numerically solved by another IVP. Through this study,
since the inner and outer regions are seamlessly solved in resistive MHD and
hyper-resistive MHD scenarios, the A’ index is not needed. To solve the IVP of the
perturbation equations, an additional parameter & ¢ is introduced to specify the
finite point of the upstream open boundary. This means that we do not first focus
on the behaviors of the perturbation solutions at & ¢=+°°, in contrast to the
previous studies. Then, by increasing & ¢, the solutions at & c=+2© can be deduced.
Finally, this paper shows that the critical condition derived by resistivity is
essentially modified by the hyper-resistivity.

In Chapter II, 2D incompressible MHD equations with hyper-resistivity are
presented. In Chapter III, the equilibrium is numerically obtained by the initial
value problem (IVP) technique (Refs.1&2). In Chapter IV, the linear perturbation
theory of tearing instability is studied by another IVP on the basis of the
equilibrium. Chapter V is devoted to a discussion and summarsy.

II. MHD equations :

The hyper-resistive and incompressible MHD equations studied in this paper
are listed below.

du+u-Vu= —VP+I xB (1)

OB = -V x (—ux B +nJ —nuV3J) (2)

Here, u, B, and J are respectively flow field, magnetic field, and current density. In
the 2D case of 0/0 2z=0, u and B can be translated to ¢ and ¢ by (ux,uy,uz)= (-0
$/0y,0 ¢/0x,0) and (Bx,By,Bz)=(-0 ¢/0dy,0 ¢/0x,0). Here, we set V2= 0 x2+
0 y2. Then, m and 7 u are the resistivity and hyper-resistivity, respectively,
which are uniform in space and constant in time. Eqs.(1) and (2) can be translated

as follows.
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0V + (0:0)(9,V?) — (9,0)(0:V?¢) =
(02:0)(0, V) — (0y0)(8. V) (3)

Op = —(9:0)(9y ) + (9y0) (9, ¢) +VH —np A%y + By
(4)
where Eo is the background electric field, e.g., “ 0 ,”is (0/0 x),and A*=0d x*+20 x*0 y* +
0 y*. In the subsequent sections, following the notation of the LSC theory (Loureiro,
et.al.,PoP2007), we study the equilibrium equations established by the 1D magnetic

annihilation and, subsequently, the linear perturbation equations for tearing instability.

III. Equilibrium:

First, let us consider the equilibrium magnetic field of a 1D current sheet for (Bx,By)=(0,
Boy(x)). Let us set the outer edge of the current sheet at x=0 ¢s & ¢ and the Alfven speed
measured at the point as VA, where 0 s is the thickness of the current sheet with & ¢=1.307. In
addition, let us assume the 2D equilibrium flow field to be ¢ o=1"0 x y, where 1'¢=2VA/Lcs,
and then, Lcs is the current sheet length for the SP steady-state model (Parker, JGR1957). Let
us set the simple flow field throughout this paper. For the flow field, the 1D equilibrium

magnetic field satisfies the following equation derived from Eq. (4).
n0210 — N0y + Tozdythy + Ey =0 (5)

where Boy(x) is replaced by VA( 0 ¢ o(x)/ d x). Then, “x” in Eq.(5) is translated with & =x/ §

cs, as follows:
(lfl*(;i )"!I.'fl‘{; — (l/;_qH?: }'E.,-fl.-';;” -I— (f"!l.'fl‘[’} + E[}/F(] = (] ({i)

Hereafter, the prime is the derivative of & . From the left-hand first term of Eq.(6), each term
corresponds to second-order differential magnetic diffusion (i.e., resistivity), fourth-order
magnetic diffusion (i.e., hyper-resistivity), convection electric fields and the background
constant electric field. Si and SHi are the Lundquist numbers for the inflow speed Vi to the
magnetic diffusion region for the resistivity and hyper-resistivity, respectively; hence, these are
defined by translating 77 and 7 uby 1/Si=7) Les/(2VA 0 os?) and  1/SHi=7) i Les/(2VA § o).
Note that the outflow Lundquist numbers S and SH often referred in MHD simulations are
related by 1/Si=2/(€? S) and 1/SHi=2/(€* SH) with regard to €=2 § ¢s/Lcs, where € is the aspect
ratio of the magnetic diffusion region based on the SP model and hence is equal to the Alfven
Mach number MA=Vi/VA. The definition of S=VA Lcs/7 will be usual, i.e., is often employed
in MHD simulations of tearing instability. However, the definition of SH= VaLecs § s*/ M 1
may be unfamiliar and is different from what was defined by Huang, et.al. (PoP2013). The
definition in this paper is based on that those two magnetic diffusion speeds, i.e., 77/ 0 s and

Nu/ 0 o5, are different by the factor 1/ § * in the scaling. In Huang's paper, the factor is 1/L?
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which will correspond to 1/Les? in this paper. As shown later (e.g., Figure 1(d)), the case of 7
1=0, i.e., 1/SHi=0, results in 1/Si=1 and S=2/€?, where € coincides exactly with what is defined
in LSC theory (Loureiro, et.al.,PoP2007).

Second, to normalize the current sheet configuration, let us put ¢ ¢'=1 and ¢ ¢"=0 at £ = & o=
1.307 (Appendix 2). This means that the location of the outer edge of the current sheet is set at
& =& o, i.e., where the magnetic field intensity is unity and the current density is zero. In
addition, the convection electric field & o ¢ o'=& o is fixed there. Hereafter, for simplicity of
expression, ¢ ¢ is further replaced by f( & ), following the notation of Loureiro. In the case of
7 u=0, i.e., when hyper-resistivity does not work, Eq.(6) can provide the next analytical

solution.

2 4n E 2 /9
Yo(€) = f(€) = (—Eo/To)e™* ;Hf dze” 7 (7)
0
This equilibrium solution was introduced by Loureiro, et. al. (PoP,2007). In Loureiro's paper,
f(£)=11in & >1.307 was assumed, by which the differential continuity of Eq. (6) is broken at

£ =1.307. In contrast, Egs. (6) and (7) are rigorously applied for 0< & <+oo throughout this
paper.
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Figure 1(a) : Equilibrium for resistivity (b): How to find the equilibrium.

Figure 1(a) shows the profile of Eq. (7) and the corresponding equilibrium flow field uxo/Vi=
& , where the current density f'( & ) and the curvature f"'( & ) are also shown. As shown, ux0/Vi
is a simple linear function of &, and f( &) in & >1.307 gradually decreases to zero as &
increases. Next, let us consider the hyper-resistivity.

Figure 1(b) shows how f( &) is found by solving the IVP of Eq.(6). First, f(0)=f "(0)=0 is
required because f( & ) is an odd function at & =0 for the anti-symmetric magnetic field of the
slab geometry current sheet. Once either Si or SHi is given, f( £ ), which satisfies the three
conditions of f(1.307)=1, £ '(1.307)=0, and f(+°°)=0, is numerically found by adjusting three
control parameters Eo/ I, '(0), and the remaining SHi or Si (Ref.3). Unfortunately, we cannot
directly consider the condition of f(+o°)=0 because the behaviors of f( £ ) at £ =+c° cannot be
numerically observed in this IVP. To avoid this problem, using the extreme sensitivity of f( &)

observed in the IVP, we observe the behaviors of f( & ) at finite values of & . Then, the condition
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f(+20)=0 can be indirectly deduced. In fact, Figure 1(b) shows the seven solutions of f( & ) for
Eo/ 1" 0=-0.94(a), -0.9320(b), -0.9317639(c), -0.9317637(d), -0.9317635(e), -0.9316(f), and -
0.92(g), where f'(0)=1.254167, 1/Si=0, and 1/SHi=0.433 are fixed. To numerically solve Eq.
(6), the forward Euler method is employed. The numerical resolution is mainly set as A &

=0.0002 to suppress numerical errors. For higher numerical resolutions, the convergence of the
numerical results has been checked. These seven solutions of f( &) satisfy f(1.307)=1 and f
'(1.307)=0. Except for the solution of (d), all the solutions rapidly diverge to either f( & )=+c0
or-°,as & increases. Hence, these solutions will not be the candidates that satisfy f(+00)=0.
If f( £ ), which satisfies f(+°)=0, exists, it should exist between (c) and (e) and hence be close
to (d). In the next chapter, f( & ) of (d) is applied as the equilibrium in the case of 1/Si=0.

2 T T T T T 0.5 . . | :
— 1/Si=0
15 ST 1ISHi=0.433 1 04 |
N 1/SHi
IS 0.3+ i
05 |/ \\
£ ~_ - oal |
0 _, S
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1 I ! L | | | | 0 ) | | | A
o 1 2 3 4 5 & 7g°8 0 0.2 0.4 0.6 08 1/Si 1

Figure 1(c): Equilibrium for hyper-R (d): The relation of Si and SHi

Figure 1(c) shows the details of f( & ) shown in (d) of Figure 1(b), with the profiles f'( &)
and f"'( &), where the flow field uxo/Vi= & is exactly the same as that in Figure 1(a) but f( &)
is slightly different from that in Figure 1(a). In particular, f "'( &) in Figure 1(c) fluctuates in
& >1.307 rather than in Figure 1(a).

Figure 1(d) shows the relation between 1/Si and 1/SHi in equilibrium f( & ) found by solving
the IVP of Eq.(6). The rightmost side of the figure shows that the case of 1/Si=1 results in
1/SHi=0, which is when the resistivity fully works and the hyper-resistivity does not work.
Figure 1(a) is this case. Meanwhile, the leftmost is the case of 1/Si=0 which results in
1/SHi=0.433, which is when the hyper-resistivity fully works and the resistivity does not work.
Figure 1(c) is this case. Hence, the ratio of 1/Si : 1/SHi may be interpreted as the distribution
ratio of the magnetic diffusion for resistivity and hyper-resistivity when the convection electric
field & ¢ o'is fixed to be 1.307 at £ =1.307. It is important that Figure 1(d) is independent of
€ because Eq. (6) does not include €.

In the next chapter, the equilibria found in this chapter are employed to study the linear
perturbation theory. As shown in Figures 1(a) and (c), it is unrealistic that the flow field uxo/Vi
diverges as & increases. Rather, the equilibrium of the Harris sheet employed by Strauss
(APj1988) may be more suitable. In fact, the equilibrium is rigorously applicable for resistivity
but is inapplicable for hyper-resistivity. At this point, by modifying Eq.(6) and numerically

solving the IVP, Strauss's equilibrium can be extended to be applicable for hyper-resistivity
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(Ref.5). However, this paper does not employ Strauss's equilibrium because of the following
two reasons. The first reason is the purpose of comparing the effect of hyper-resistivity with the
other effects, e.g., the effects of resistivity and viscosity. In fact, the simple equilibria employed
in this paper are rigorously applicable, not only for the introduction of resistivity, but also for
the introduction of viscosity. The introduction of viscosity has already been studied in Ref.2.
The second reason is the simplicity of the application of linear theory. As reported in Ref.5, the
modified Strauss equilibrium has an additional free parameter a to change the current sheet
configuration, leading to a complicated study of the linear theory. The a = 0 limit results in Egs.
(6) and (7). For these two reasons, the simple equilibria shown in Figures 1(a)-(d) are applied

for the study shown below.

IV. Linear Perturbation Theory :

To study the perturbation theory of tearing instability, let us employ the equilibria obtained
in the preceding chapter. Additionally, let us follow the notations and derivations of Loureiro,
et.al. (PoP2007). Letusset g =d o+ ¢,and ¢ =¢ o+ 0 ¢, where d ¢ (x,y,t)= ¢ 1(x,t) ek®Y
and & ¢ (x,y,0)=¢ 1(x,t) e O with k(t)=ko e "°%. Then, letus set ¢ 1=-i® (x) e’'and ¢ =T
(x) e”". In the same manner as the derivation of equilibrium, let us translate Egs. (3) and (4)
with x =0 s &, k=ko VA /I'o=ko Lcs/2, ko=2 7 /Ics, €=2 0 ¢s/Lcs, and L=y /("o k). In
addition, let us assume that I ¢ is sufficiently small for the linear growth speed. The

perturbation equations to be solved are obtained as follows:

AP — \k2e2D =
—f(&)(¥" — kW) + ()W (8)

(1/8,) (0" — k22 W)
—(1/85:) (" — 262620 + k1)
= KAV — kf(&)D. (9)
Eq. (8) is exactly the same as Eq. (8) introduced in Loureiro's paper (PoP2007). Eq. (9) is almost
the same as Eq. (9) shown in his paper, except for the second term on the left-hand side, which
is the hyper-resistivity term. As shown in Figure 1(d), since 1/Si=1 results in 1/SHi=0, Eq. (9)
exactly coincides with Eq. (9) in his paper.

As shown in Chapter III, once a value of Si is given in 0<1/Si<l, f( &) is numerically
obtained. At the time, SHi is uniquely determined in 0<1/SHi<0.433, as shown in Figure 1(d).
Note that 1<1/Si and 1<SHi are inapplicable because the ratio is designated as the distribution
ratio of the magnetic diffusion between 7 and 7 u. Then, when a set of «,€, A, ®'(0) and
P"(0) is given, ®(&)and W(&) in a finite range of 0< & <& ¢ are numerically solved as
the IVP of Eqgs.(8) and (9), where & ¢ is the location of the upstream open boundary point
mentioned below. At this time, ® (0)=""'(0)=""'(0)=0 are fixed as the initial values of the I[VP

because the anti-symmetric field condition of the slab geometry current sheet is assumed at &
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=0. In addition, W (0)=1 is fixed without the lack of generality for the solution. Then, adjusting

A, ®'0) and W"(0) as the control parameters, ® ( &) and W ( &), which satisfy the
upstream open boundary condition of @ (& c)=P(&c)=W'( & c)=0 at a given & c, are
numerically obtained. Let us call such solutions zero-contact solutions. Eventually, & c may
change and thus indirectly becomes a control parameter for exploring the behaviors of the
solutions. The method for finding the zero-contact solutions has been explained in Ref.2. To
numerically solve ® (&) and W (&), the forward Euler method is employed, which is the
simplest numerical scheme, i.e., which is the most reliable. The numerical resolution is mainly
set with A £ =0.001. For higher numerical resolutions, the convergence of the numerical
results has been checked.

The uniqueness of the zero-contact solution is not confirmed in this parameter survey of the
IVP. In fact, there may be other zero-contact solutions for a set of «, €, A, and & c with
more than two sets of ®'(0) and W"(0). If there are other solutions, the most important
solution is the solution that takes the maximum A between those solutions. It is unclear
whether A in the obtained zero-contact solution is maximized or not. However, at least, if a

solution is found, one can say that tearing instability occurs.

2 2
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Figure 2(a): Perturbation solution for resistivity (b): Perturbation solution 1 for hyper-R

Note that, in the case of 1/S1 =1, i.e., 1/SHi=0, a zero-contact solution is generally not found
because Eq. (9) becomes a second-order differential equation in which the upstream open
boundary condition for the zero-contact solution must be reduced. Instead, the zero-crossing
solutions (Ref.1) that satisfy the upstream open boundary condition of ®( & ¢)=U ( & ¢)=0 can
be found by solving the IVP. Such zero-crossing solutions have been found as Case 1 in Ref.2.
Figure 2(a) shows the zero-crossing solution of ®( & )and W( &) obtained for 1/Si=1, k=1,
€=0.1 and A =0.465 on the equilibrium f( & ) shown in Figure 1(a). This zero-crossing solution
satisfies ®(Ec)=W(&c)=0at & c=3.6.

In all the cases where 1/Si# 1, zero-contact solutions are found. Figure 2(b) shows a typical
zero-contact solution for ®( &) and W( &) obtained for 1/Si=0, k=1, €=0.1 and A =0.645
on the equilibrium f( & ) shown in Figure 1(c). This zero-contact solution satisfies @ ( & ¢c)=U
(Ec)=T'(Ec)=0at & c=4.73.
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Figure 3 shows that the linear growth rate A tends to monotonically increase as & c
increases. This figure was obtained for « =3 in the case of 1/Si=0 and 1/SHi=0.433. Under the
other conditions of «, €, and 1/Si, this monotonic relation between A and & c is steadily
observed. Those red solid lines disappear around A =0 or within a large & c range. This
disappearance occurs because zero-contact solutions are difficult to be found due to the lack of
numerical precision. As € changes from 0.33 to 0.0, A increases and then asymptotically
approaches a value less than unity, i.e., the growth rate for the Alfven speed measured at the
outer edge of the current sheet, i.e., & =1.307. Note that the limit of €=0.0 results in SH=+0,
because 1/SHi=0.433 is set in Figure 3. Similarily, when 1/Si=1 is set, the limit of €=0.0 results
in S=t+oo, which has been studied as Case 1b in Ref.2. Since the difference between 1/Si=1 and
1/SHi=0.433 results in the difference of f( £ ), A in 1/Si=1 is different from that of
1/SHi=0.433, even in the €=0.0 limit.

0.7 2 T T T T T
1| €=3,1/8i=0, 1/SHi=0.433 ) K=3, £0.3, 1/5i=0, 1/SHI=0.433, £c=4.24
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Figure 3: Linear growth rate for hyper-R. Figure 4: Perturbation solution 2 for hyper-R.

Figure 4 shows another typical zero-contact solution of ®(&)and ¥(&) for «=3,€=0.3
and A4 =0.096 on the equilibrium f( & ) shown in Figure 1(c), i.e., for 1/Si=0 and 1/SHi=0.433.
This zero-contact solution satisfies @ (& c)=W(&c)=U'(&c)=0at & c=4.24.In contrast with
Figure 2(b), a zero-crossing point of ®=0 is observed in & <& ¢=4.24, where &=E&c is
located at the second point of ®=0 and is the first point for ¥=U'=0. This type of zero-
contact solution tends to be found at a large €, and also, around A =0. In general, as & ¢
increases, the type tends to change from Figure 2(b) to 4. For example, €=0.33 in Figure 3 is
the type in Figure 4 and €=0.1 is the type in Figure 2(b). It means that, in 0.1<€<0.33, the type
gradually changes.

Figure 5 shows how A4 for & ¢=3.6 changes as 1/Si changes from 0 to 1. At this time, 1/SHi
changes from 0.433 to 0, as shown in Figure 1(d). Figures 5(a), (b), and (c¢) show the cases for

k =0.5, 1.0, and 3.0, respectively. The dotted lines in these figures show the gradual changes in
A with respect to the 1/Si change. Note that every dotted line is disconnected around 1/Si=1,
where the upstream open boundary condition differs between 1/Si=1 (e.g., Figure 2(a)) and 1/Si1
#1 (e.g., Figures 2(b) and 4). In other words, the zero-contact solutions in 1/Si# 1 may not

directly connect to the zero-crossing solutions found at 1/Si=1. Nevertheless, every dotted line
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seems to asymptotically approach the points of 1/Si=1. In addition, in every «k case, i.e.,
Figures 5(a-c), as 1/Si increases from 0 to 1, A tends to monotonically decrease. This means
that hyper-resistivity is more effective at enhancing the linear growth of tearing instability than
resistivity is. In addition, in these figures, A in the €=0 limit is also shown, which always
takes the maximum value when € changes. Such €=0 limit solutions have been reported
(Refs.1&2). The existence of such solutions in the €é=0 limit indicates that tearing instability in
real space can occur in an unlimitedly thin current sheet, i. €., when Lundquist numbers S or SH

are infinite.
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Figure 5(a): Linear growth rate for k =0.5 (b): Linear growth rate for k =1.0
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Figure 6 shows how A changes for « and & ¢, where €=0.1 is fixed. Figures 6(a) and (b)
respectively show the case of 1/Si=1 (i.e., 1/SHi=0) and the case of 1/Si=0 (i.e., 1/SHi=0.433).
In every case shown in these figures, as « increases from zero until approximately 10, A
initially increases, takes the maximum, and finally decreases to zero. For example, the dotted
line of & c=2.5 in Figure 6(a) takes the maximum A =0.28 at k =1.75 and the dotted line of

& ¢=5.0 takes A =0.56 at k =0.75. This suggests that the maximum point of A
asymptotically reaches « =0 in the & c=+co limit. This suggestion is inconsistent with what
was reported in many previous studies, e.g., Fig. 1. in Huang, et.al., PoP2013. Note that they
tried to directly study the & c=+co limit. In addition, as £ c increases from 2.5 to 3.6 and 5.0,
A always increases. This increase of A is also observed in Figure 3.

At another point, as k increases, A eventually approaches zero, as indicated by white

circles in Figures 6(a) and (b). The white circles are plotted for the zero-crossing solution
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deduced at the & c=t+co limit at the A =0 limit of Eq. (8). It means that the double limits are
taken from A =0to & c=t+oo. At thistime, ¥ can be directly solved without Eq. (9). The
white circle in Figure 6(a) represents Case 1 in Ref.2. The white circle in Figure 6(b) seem to
be asymptotically extrapolated from those dotted lines for & ¢=3.6 and 5.0. This suggests that,

in the limit of A =0 limit and & ¢>3.6, the & ¢ dependence of the zero-contact solutions almost

disappears.
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Figure 6(a): Linear growth rate for resistivity. (b) : Linear growth rate for hyper-R.

Remarkably, the « values at these white circles depend on €, retaining the « € value,
because the A =0 limit of Eq. (8) depends on « €. For example, the white circle in Figure 6(a)
is located at «k =11.12 for €=0.1. This finding suggests that instability does not occur in k € >
1.112, i.e., the current sheet is stabilized. Keeping « €=1.112, € in A =0 changes with respect
to the k change. Hence, €=0 results in k =+°0. This suggests that the tearing instability in the
€=0 limit, i.e., ideal-MHD limit, is not stabilized in all « ranges, i.e., 0< k <+°°. Similarly,
the white circle in Figure 6(b) is located at «k =10.74. The « € values at these white circles in
Figures 6(a) and (b) are not very different. This means that the difference between the resistivity
and hyper-resistivity does not seriously affect the critical condition (i.e., 1 =0) beyond which
tearing instability is stabilized.

Eventually, through every figure shown in this paper, A is always lower than unity, i.e., the
growth rate for the Alfven speed. This is consistent with the tearing instability essentially being

driven by Alfven waves.

V. Discussion and Summary :

This paper first showed the equilibrium of a 1D current sheet with a 2D plasma flow field
caused by magnetic annihilation where resistivity and hyper-resistivity may simultaneously
work. The equilibrium was numerically obtained as an extension of the equilibrium analytically
introduced in the LSC theory (Loureiro, et.al.,PoP2007). The new equilibria depend on the two
inflow Lundquist numbers Si=2VA8.s%/(n Lcs) and SHi=2VAdcs*/(n Les). The former Lundquist
number is related to the resistivity and the latter is related to hyper-resistivity, where the flow

field is simply setas ¢ o=1"¢ x y, and then, the plasma convection electric field is normalized
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as £=1.307 at the outer edge of the current sheet. Figure 1(d) shows that 1/Si and 1/SHi are
linearly related in the flow field.

Second, on the basis of the new equilibria, this paper showed how the linear growth rate A
depends on 1/Si, 1/SHi, k, €, and Ec. Note that 1/Si and 1/SHi are different from 1/S and 1/SH,
which are called the outflow Lundquist numbers. These values are translated as 1/S=
€?/(2S1)=n/(VALcs) and 1/SH=€?/(2SHi)=nu/(VA Lcs 8cs2). The former value is often employed
in the MHD simulations of tearing instability driven by resistivity.

It is well-known in FKR theory (Furth et.al.,PhF11963) that, in the tearing instability driven
by resistivity, the critical condition of A=0 is simply established at A '=0, which corresponds to
Y"(0)=0 in this paper. Hence, the tearing instability driven by resistivity is unstable (stable) in
Y"(0)> (<)0, where ¥"(0)>0 means that the current density Jz at the X-point increases during
the linear growth phase of the tearing instability. This increase of Jz will be reasonable in our
understandings. In contrast, the critical condition for hyper-resistivity does not necessarily
correspond to ¥"(0)=0. In fact, ¥"(0)=-0.15795 in Figure 4 is negative even in A =0.096>0,
i.e., unstable. It means that, when hyper-resistivity works, the tearing instability can occur in
Y"(0)<0. In that case, Jz at the X-point decreases in the tearing instability. This decrease of Jz
seem to be unreasonable. In a viewpoint of MHD, tearing instability may be driven by resistivity,
rather than hyper-resistivity.

It is difficult to compare the results shown in this paper with the studies by Aydemir
(PoP1990), and Huang, et.al. (PoP2013), because of the many differences in the basic
assumptions to find the perturbation solutions. The largest difference is that the linear growth
rate reported in those studies is assumed to be much smaller than unity, i.e., the slow growth
rate for the Alfven speed. In fact, the tearing instability studied in those previous studies is
assumed to be caused only near the neutral sheet, i.e., the inner region. Then, it is assumed that
the outside of the neutral sheet, i.e., the outer region, almost does not change due to the Alfven
waves. In contrast, since this paper seamlessly solved those two regions in fully resistive MHD
scenarios, the outer region fully driven by the Alfven wave can be solved without any speed
limitations. In fact, Figures 3, 5, and 6 show that the maximum linear growth rate reaches 60%
for the Alfven speed. Since the rate is not small, the tearing instability will not be slow. In
addition, importantly, the equilibrium achieved by resistivity is different from that achieved by
hyper-resistivity. In this paper, on a simple plasma flow field, those two equilibria are equalized
by a constant convection electric field measured at the outer edge of the current sheet. Then, it
is shown that, on those equilibria, the linear growth rates of the resistivity and hyper-resistivity
can be qualitatively compared. Another difference is the introduction of the upstream open
boundary at the finite point Ec. The open boundary is close to what is often employed in MHD
simulations. Traditionally, in many previous papers on the linear theory, {c=+oo was directly
considered (Furth,et.al.,PhF11963, Loureiro,et.al., PoP2007, Aydemir,PoP1990,

Huang,et.al.,PoP2013). However, since real plasma phenomena are always caused in a finite
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box, i.e., a limited space, the consideration of the finite &c shown in this paper will be more
realistic.

Finally, this paper showed that the introduction of hyper-resistivity tends to enhance the
linear growth rate A of tearing instability, rather than resistivity. Then, the €=0 limit, which

means that the limit of SH=+c0, was also examined, where A takes the maximum.

Appendix 1 (MHD simulations of PI driven by hyper-resistivity)

Plasmoid instability (PI) is a turbulent process caused by repeating tearing instability in a
current sheet and is considered a candidate for fast magnetic reconnection. The tearing
instability studied in many MHD simulations of PI is driven by the resistivity, where hyper-
resistivity is not incorporated (e.g, Ref.4). However, every MHD simulation executed by finite
differential numerical schemes always has dissipative numerical errors, by which the numerical
noise associated with the short wavelength is strongly damped to avoid numerical explosions.
Such dissipative numerical errors implicitly include higher-order magnetic diffusion
(Richtmyer & Morton, Difference methods for initial-value problems, Interscience Publishers,
pp.19-21, 1967), such as hyper-resistivity, which artificially drives the magnetic reconnection
process. This paper suggests the following : when the current sheet in such MHD simulations
extremely becomes thin, the hyper-resistivity included in the numerical errors may
unexpectedly increase the growth of the tearing instability (Refs.2&4). Such MHD simulations
cannot correctly study the physics of PI.

Appendix 2 (Scaling adjustments to find the equilibrium ¢ 0'=f(€).)

This section briefly shows how to find the equilibrium in the numerical IVP of Eq. (6), where
f(1.307)=1, f '(1.307)=0, and f(+o0)=0 are simultaneously satisfied. First, before matching
f(1.307)=1 and £'(1.307)=0, start matching f(+o0)=0. For example, start with 1/Sni={'(0)=1 and
a value between 0<1/Si<+oo. On this stage, the values of 1/Sui, 1/Si=1 and f'(0) are just pseudo
values. The 1/Swi value determines the ratio of Swi/Si. Then, by adjusting the Eo/ "¢ value, a
solution converging to f(+o0)=0 can be found, as shown in Figure 1(b). The solution will have
a local maximum point of f'(§1)=0 at a &1 value which will be &1+ 1.307. Second, to match
f(1.307)=1 and £'(1.307)=0, let us define two scaling factors, « = 1.307/&1 and S =f(&1). Then,
redefine o %/Si as a new 1/Si,«*as 1/Sui,a/ as Eo/ "o, and 1/(« B) as f'(0). Ultimately,
this results in the satisfaction of {(1.307)=1, f'(1.307)=0, and f(+0)=0.

Publications ( References ):

1:  Shimizu,T., and Kondoh,K., A New Approach of Linear Theory of Tearing Instability in
Uniform Resistivity, http://arxiv.org/abs/2209.00149 (2022).

2:  Shimizu, T., Linear theory of visco-resistive tearing instability, Physics of Plasmas 32,
012302, https://doi.org/10.1063/5.0223192 (2025).
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4: Shimizu,T., Kondoh,K., and Zenitani,S., Numerical MHD study for plasmoid instability in
uniform resistivity, Physics of Plasmas 24, 112117 (2017).

5:  Shimizu,T., Linear Theory of Tearing Instability with Viscosity, Hyper-Resistivity, and
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Numerical simulation of solar wind magnetohydrodynamic turbulence

BRARE - BT T (BILKXF - PFHHRBEFFR)

nariyuki@edu.u-toyama.ac.jp

X BB (Research Objective):

AFFERE TII R IR R 2 AWz 3 IRt E A DSR2 ED TWD, AREFEL |
ISR E L CH AT B RN T & AEELE L TSR IR I 12 52 D2 BRI DUV Tl
BEHEDT-,

FF®EF % (Computational Aspects) :

3 WICHERI IR R 2 W - BB G R 2T o - (2508 5y BRULAA T MLk B
&5y 2 WHELLV7 72 [Wambecq, 1978]). 3 IRICAFFLICIZA JT1H) 128~256 D&
Jt ARG

HRAE (Accomplishments) :

KAEBEG PG E L TH 2 T2 A R DAY N VIE AG A A F > 5 BB ELSBE KR
IRIE DRFZE R R~ 2 DB OV TGRAEZ D T, AR TR, X—Z LR b
LTe B ) e W8 FE B ELO AT VIR | BLE D/ RXT A—Z72 EN5et § DRAEMET3T
LEtRAMED T, B R ECTTHEONIZF R RO DI, BIA DK ERE EEILO M E
ROIE T — RN R —F LR IF T HZEDFER SN TS, ZNHORERIT, BRI
Vinas+Goldstein[JPP, 1991 |DFRFEAEHT 72 & TR EIN TV DGR A DO K72 P & b 35
IRT AN I R EMEOME N F JEL TONRWNDS, T DR EMED JeATAFGE LB E T
1372<, 725t G BIARIX ETZ AL TIEZe W, i S 7= BB LIS B O IR IR < PAT
WA DIRAEER DD EB R TETEY, ABRBNARR G LDORBEBRLE O/ TA—X
gkl L, BIRFEDRIEEZHED DT ETHD,

AR (Publications) :
(HEEE 7 ay—7 4 7 A - &b )

Y. Nariyuki, Parametric Instabilities of Arc-Polarized Alfvén Waves Revisited,
Proceedings of the 15th Asia Pacific Physics Conference (APPC 2022), 228-233
(2024). *2022 FRMEDEBESFEDO T 0 —F 4 VT Ak
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The effect of stellar activity on oxygen corona of Venus-like atmospheres

BIRARSE - AdE MiE GUIRFEEFRIEF)

WMRHEE B ST CERRFHEERIIEED
HY  EEHE

WZE B B (Research Objective):

BEONEHEY T 4 it 5 BT, RKROFEITEEREEDO —~DOTH D,
BEOKRKIL, [HEEND ORISR (XUV) B OB 2% 17 CEBEEL. KA
MNBETDHEBZONTWD, FrZ, 2O L) REGEZFFZ2VWERE TIX, K
BRIR T X~ 3l EE KRR EMAEER L, KA zslsi23, ZomET
%, BEOHNKENCIRD DEEFE v T3, BIBRFER T & [FERIC A F o Boh o 33
RIR & 72 D, BIEOER T, ZOA 4 BN KEKBOR O EE /2 A =X A
D—DEEZLNTND, TDTH, &REMKK & FFOBEORKELZ T 5
ZiE, BRI RA A BRI EDORETG T L2002 T 52 ENEETH
a3

INFET, EEOHAKEIIBHIREMEY 2 2 —ra VEAWTEEICTHE VI
TENTEXEN, TNOLOELBBESEEZNZLE LT, L, XED LE
KEADOHEE L, 2 (KB 50 XUV EEHIZ L > TRESEEELZIT D, FFiZ,
MBER DO ANEZ TN — AT D RINEREIT, MREISIR Y XUV B 2520 %
ETHISNTEY, BRan T Res lﬂjt—u%%oméﬂjza IRITHA A BRI
52 D83, BESRE L R D WREMEND D, Loy LEEFEOINVKE T T V38
T—RIZHESNWTEY, RAKREICHEATDICIIHENLETHD, &2 TR
Tk, AARBEET VAR L, B2 5 XUV BE F COMRSE 2 0T OBENAN 2 5 HA
THI LT, ERARHKED KRKEICET 22RO DL 2 HNET 5,

FTEF % (Computational Aspects):

AWFZETIL, AREDOIEHE 2 v F OBEESM AR T 5 DITE T I r Bzl
L7z, BBRan AR 7 a2 A%, 05, COJ. COMIC X DB A 25 L
ko@E@Eﬁ%ﬁi@%%$ﬁﬁ%k@@%%%ﬁb AR S VT A FEERO IR R
FOEEZBHT 5 Z & T, SEEICBIT 5= F—aMieRHHE Lz, S56IT,
Liouville 5#27 (Schunk and Nagy, 2009) Z W TONVRIE DOl = v OS5 &
HH L7z, AWFETIE. STHESEDOFERSET /L (Fox and Sung, 2001) % 1 5
RAELTHEAL, €T NAVONY T —va U&7, TO%, XUV ITEFT D428
K5 (Kulikov et al., 2007) ZA{E L72FHE 21T 9,
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WHEAER (Accomplishments) :

AMFROFEFIL, BUESEDORGMKE AT E LTHEA LI2%E. PVO X AMHE =
oS OB R & BW—8% R Lz (Fig.l), £72. 58\ XUV BREE T TIEEWIRL Sy
KELH & 72 DHEIEAIER U, IEEVI R R 2 S OFHITNEL D T 05 Z’J)of’

(Fig.2), ZAuE, BAERNRE O LI L BE R R L, SME R TUT T ORI IR R
JF-DERNBDT DD TH D, 5%, SONTE v 0MmNA 4 Bk
5.2 8B i bIcm T TR VI ERT 5 TETH D,
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Fig.1 JEEMIE SR DBCE B, BAjIZ07 Fig2 ¥472% XUV §&F F(XUV: 77,
(#). €03 (k). CO* () ItkD 10XUV: 7%, S50XUV: JR)ICH1T D
FRBEIEFAS AT K » TR S -8 FOEEE BRI R Sy FERR T
FIRFOEFERT, BRX. K IR R T,

TEENR KHAIZ 3517 D PVO  (Pioneer
Venus Orbiter) DELHIHE R,

NFARA  (Publications) -

(AEE)

1. PE] EEEIE >, [Effects of XUV radiation on hot oxygen corona of Venus-like planets | |

JpGU 2024, #Hik, 2024 4E5 A

2. Tomoaki Nishioka, K. Seki, R. Sakata, K. Yamamoto, S. Sakai, N. Terada, H. Shinagawa,

and A. Nakayama, “Study of atmospheric ion escape from exoplanet TOI-700 d based on

global multi-species MHD simulations” , ISSS-15 & IPELS-16, Garching, 2024 4 8

3. Pl EfEIE D>, [Effects of hot oxygen corona on the ion escape from Venus-like planets | |

SGEPSS 2024, ~JII, 2024 4 11 H

4. Tomoaki Nishioka, K. Seki, R. Sakata, S. Sakai, N. Terada, H. Shinagawa, and A. Nakayama,
“Effects of hot oxygen corona on the ion escape from Venus-like planets” , AGU Fall Meeting

2024, Washington, D.C., 2024 4 12 H
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MHD study of asymmetric magnetic reconnection

BRARE - Ak AT (BERFFHENEE S F—)

HZE B/ (Research Objective):

W) ax s ra U, FH AT ASEEIZBIT D2 2R ERIZB W TEER

RENZRIZLTNDZENHLNIC2 > TE T, FIZKBREF Tl &R SND K
7 L id, KIEBBEREONRENRBSRTH D, K7 VT 136k~ 72RO #kR L Ok
[V axy va JCBERT D70, BB L ORGGTREE O R 5 IERFESR Y =
AT a BB S, ZOIERMHEER Y 2Ry va s, FERICEMEREELY
LTWAZEEINETOFEADOHRICLIVRLTE R, ZNLOMEOH T, Eit
J& 2B AT WA ORISR k OB T A 0 LIERTFRER Y a ks v a D)) o
X7 v a VROBGBERALNC L, AR TR, EEOKE 7 L 7 34RO K
KRN Dk 0%RDDHZLETY axr g BOEL RAHEBAREEL, K7 LT
EDOBBRETRL ZEEHME TS,

#HEF % (Computational Aspects):

W IR L Lo o 7 A 2 KD 1213, £ T RKGKRKF Oy 2 E T 5 BN &
LN, BED & ZAKRGEKE LS L ESERNET S Z ERR#ETH D, £D7-
B, ZOWNE I NTEERm S D b KGR OWeSs 2 MEEt AT 5, SMEFHEICE
WL, KGar P BNMER—FERCTHLZ b7+ — A7 —(REXERA L, =
WICHMIE 7 4 — A7 U —Ws 2 MHD fRfnikz AW TR T 5, R 72 ZRkochiéss
No, BIREZEZRDODRXTEN, 7+ —R2 7V —REZ ATV = D EFE DIEAE
L2, £TZT, BT M) w7 RZROLEDICHLITTT L2, »—T DRI
DEEN B QSL(Quasi Separatrix Layer) % 3K QSL it D K & 72350 £ A 72
DI RELL LG T A ERD D Z L b Uiz, IR RIZR Y axy va Rl
k, 0 DOBREFMEHE CTROIERN D, Filo 2N DIKGFT BB R, 0) %8
A L. RAAD @RI O R 22 8) 2 5~ 72,

MEEER (Accomplishments) :

B 2 1%, 201142 H 15 H 1 K 45 732 Bh Ik AR11158 THRAELZ X1.2 7 L7
DRI DRIRIT RS Ry D% @GR & & O ERY) & RIEOHEMR G OB KIED T Z
—v v ThD, KL & BITHERmESGOEBIH EV 20— T, RIEOSAAIL,
% (R0 B RAARICELT DG W OFIE L, WICEARD DR A ITIRARIT
AT 2T HET D 2 LoD, FIZ X1.2 7 L TRk TR D ELRIC
ZEALLTWAEEN SV | BEEZ ORI TT7 LT REAEL TND I ENHE SN
T2,
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NFIKR (Publications) :

(O

L TR, K7 VTR OBR Y 27 2 a VRO RFR A E), RISH Bl
AHRBEEBR(KDK) Y AR Y U A, AT A, 2025 4R 3 A

2. B IO, BTLWBERY o s e UET VO K - HIERSR TOBLIHIR
WRE, AARIFE 2024 FRFHFES, BB R, 2024 4 9

3. iTfEHE, Temporal change of high reconnection rate environment in the solar coronal

magnetic field, HIEKEERES - HIERER RS 72> 2024 A7, [ENLARHIAFZERT, 2024
11 A
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Computer simulation on the characteristics of sensor probes for
potential measurement in spacecraft and structures

BRARSE . REGFR (RBRFXRFRIFHEH)

MRSEE: ==FF (HFRE KERVATLEREHER

BEY  FERARRES I 2 L—2 0
BAHEZ (HFXE KREFRIXTLEREHERD

B EHAFYIaAL—23 a— FOREESLUVERDERNARE
FHE (RHKXZE £FEHER

HEY  GIEHAT -2 LEOUBRASLIUYEETILOEE
INEER] GREBKZE £EFBE/ERA)

B AT EOERNRS S K UEBT—2 BT FE0RR

IR BB (Research Objective):

FHZEMICBIT 277 A~ EEoOBIHNT, E/M 77 X~ O 28+ % FTHEE
RFEETHD, B, B—fEICLD M 2 —T7xm X NUEHNE, DRI 8 E
%%ﬁﬂ#éifﬁﬂf%éﬁ BEARROBENIRENC X > THIEREIME T3 5 M
BEND D, AFETIE, B EICID2A v —T7 2 X N UVBRICBIT 2RI EEZE
DIEFIEZBE L, TOHFIME SRkl v I a2 b—ra Il THiET 5 Z
EERBAMET D, KT, T a7 O XD REREREI A IS E L, mERKDE
NARENN G| & Z TALAE DR A MRS D FELARET 5, £7o. B O FES)
R (FME) IZOWTHBRETZITW, A F—T7 = X NBRIORER RIZTFS
THMAESEDLZ L EBIET,

Fr®EF % (Computational Aspects):

AMZETIE, R RFZFOICL CTHRB SNTCEMFHRARRE S I 21 —4
(EMSES: ElectroMagnetic Spacecraft Environment Simulator) % fV 7z 3 T
Kifoalb—varaE L, VI alb—ya VEBRIOTEEEEEAKRE LD
trthey FRE2ET L, EEOBINEWER Z B L T\ 5, R EMIIEE
B9, T T X~ EOERDOILKIZ LY BIRICRIE SN D EREEMEEEZHH L,
REEMOMAOFEBEMNEEZGELTO, REITINEZEHAL TS, Y Ial—vay
SRk D REE U I WIS RS 2w LT,

Vial—varyE7NAEFigl IRT, YIalb—va NI A=FL LT AF
v EEFOEELIIHEEOM (1836) ZM L. 7V v FREFEIZAx = 0.002¢c/wpe (c
IE, wpe FEF 77 A~ ) . RFRI AT » 713At = 0.001/wpe & LT, AT
LA Ridx, y, 25 NEI5.334p, 5.334p, 21.331, ApET 1K) &L,
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T2 R a7 WA T B 7=, Bump on tail REEMEFIA L, 2k ICHET
E—BEBA LR, T T X7 LB O AT 7 A Y = L5 L B
A = MSATCRIE Lz, BT RY 7 MR v, = 60, (0 o TE TR &
L. BE—2Ef e HEREFOBELIIn, /1, = 0.015& LT,

T L, =5.331p
Electric Field Sensor and Satellite LZ

Fig.1 3 %t PIC L3l —ar ORFEK]

HEAER (Accomplishments) :

AWFETIE, B—HRICL DA v & —T a2 bV EIICET 5 HEEREORMT S
He R SRR £ O 8 WKL T2 2 2 L— s 3 S R D RRAE L7z, 9, SKAARATIC
L ORR & FE Y —HOBMENLHASNAMEE (80,) &EBEOT T X<
BOGHE (A6y) 7575 2 &R L, ZHEMIET 5 HIEEARE LT,

WIZ, BWTLHIF> T2 b—ra v EEL, BFE—AICEY 727 12T WA
HL, By —E7 NV EHRET NVHOBMNET — & 2O TRZEE R Lz, ¥
Ralb—va U ERND REBRY ICHEBMPIRE L TWD I & 2R L, S fifig
PHCESSHENLETH D Z L &R LI,

BRI, BACET — 4 P OB LNDAZE (A0)) L. ST 58 L
EFEC L DB LNE (06,) . BLOKE L F—EF B TORET Lo v L
DAL (A8,) D 3 FRIHDNARAEZ B L7z, fRE LT, AOy L AG, TR D & D
D, My £ NGB LT BT B 2 L EWER L, JAUL, BRE LIS BN AR
ThdHLERLTVS,

ik\?Vﬁ RET I X~ WBOWEOBBRIMIEREIC G X 5P 8% A Lz,
Fig2 (&, BV —R& T 7 I aT7HBOBERDOULEZZEASETIGE D Leg DIFIH]
BEMEZTRT, B —R RO (14/A14mg) %0.016, 0.062, 0.188 & 2 LS H 7
V3ab—va v EENR L, FliRLg DHEL AT, ZORKE, £ —R2
WRICHARTHATENEE (/Aang=0.016, 0.062) 1Z1E, HIEA A NI HERE
MOy & Dy 1 DF S IV D Logldt > — IO HLITHHE L 53 K EH LV 2 & 3557
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S77,

— . B —RRERISES GG (g/Aang = 0.188) (Zi, MIEMEMMIT L,
Leg 30 T%MAFHH S D Z EAVHIBI L7z, ZhUd, Brh—RRERICESL &
BALOIRIELLA = Ay JAsq N 1 DD OAND T2 THDHZ L AR LTz, 2z kv, il
RGO R T DB —ROUMEZFEUNCHET D 2 & OBEFEMDH LN
S77,

ST, T 7 a7 EOFEEMEOAGIZLY | B —(frEx i & Loixt
PrRME 2 fers L, SR 23 o —M o O RIERREC — 09 5 2 & O BROMRR A 1211k
L7, £, ERMEICEET 5 ME#EzIF ) (short-circuit effect) 23 AWFSE TILELHI
ENRMPO BB EERERATH D, ZiUL, 77 X~ B EAT O & &R Sy DAL
MZEZ MW TLeg 2 E LTcTod B X B, FFER OB BT 5 EER RO E
LGNS W L AR LTV B,
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NFARA  (Publications) -

(AEE)

1. EEFWR, =Y, AR 2,3 B, /NI 3 i Particle-in-Cell Simulations on
Interferometry Technique Using Monopole Electric Field Sensors, Japan Geoscience Union
Meeting 2024, Makuhari Messe, Chiba, Japan, 2024.

2. Ibuki Fukasawa,Yohei Miyake, Hideyuki Usui, Koshiro Kusachi, Satoshi Kurita, Hirotsugu
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Kojima, “Computer Simulations of Single-Spacecraft Interferometry Technique with
Monopole Electric Field Sensors,” in AGU24 Annual Meeting, Washington, D.C., America,
2024.
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BSBEEHBES Sh-TTIVICE I -EEMES SRR
S[EAA TS ORICEZLIEEOHR

MRARE - W B (%l BRTEF 1 BRER ST 72 T)

MRSEE . —Hhil  (RHEXFFHEMKIREVERN)
By AEBEE
iR T  (RRAFEZRTRR)
Y AEBEE

WZE B B (Research Objective):

HIERRE BN 361T D e R DB BLG: Th D ME XKURIF 21X, BRE I (ke VT O FE L
TIDNFEFEL , HUER OO BURG1- R 53 R & < ELav, HUERIT 15 57 Hy 22 [ (N e U BBl ) C RO
PR BN ROND, ZOLE, BREFITHEROR 2 2L S 5721 Tl WA E
IZBWCULFIE B SR EN A ERGEEN(1 mHz~1 H)Z R SE 5280385, ULFIKEIIX.
BR AR S° N BB S Ciieh =R /LF — D i W EI T D U BT D #E - (—Me V) D 2 H)
BEABICH L Q0 DEEZ LN TWDHO T, NI E COLEN B G202 95 ECTIER
[CEEREEICTHD, L, BEKURIFIZIW T, BRI - EBERE o SEIk S & R ED LD
(B RE SUBN S 33 1 F HZ8 B (3] - BREE TR O B - # - 1e35 D 28 )y - ULF I 8h oD Jh il <> %2 ]
DN H. 2 TODDNTONTIE, R i< RERIREARIZITE > TR0,
AHFZED H B9IE ., BLAE B f5 A SN N A 7 a0 — L5 L CELRI L O H ik
(ZHADNT, BRI O IR 5 B SN RUE & A F I AR T T B 2T~ D28
THD, BRI, HEROBRERET VERHWT, Yol —TarNrbiz A E
[Fok et al., 2010]&2—7~7" v hE L, & DR D PN UE O Br 523k 4 D PN
£ JW(GEMSIS-RC + GEMSIS-POT)3E DLBWEHHL T DI B 95, AL TIL.
FRIZRE KA FFOBR B OISOV K - BRGSO B BN B 95, £72. (RO ER
E7 LV CIEFLIR CERWERE I L DULFEE B O Ih AL IZ DU CTH AT 2470 Bl D b
A L C, ULFIEh O Z2 [ A0 O bkt St 2 IO 5282 B R T,

fTHEF % (Computational Aspects):

AWFFETIL, ZETH A DN TENERE KB 1T 2B LR - DA B & H T
WA | TR ZE D ATREZRBR BT T /L (GEMSIS-RC)[Amano et al., 2011]&EHERE 120
TR TCEERT Iy VAR T % LY L3 —(GEMSIS-POT)[Nakamizo et al.,
2012] & 45 A ST LW a— S )L NER SR E 7 /L[ Yamakawa et al., 2023]% FV 7=,
AFFE T, W E OB BT T /LIFok et al., 2010] CEEZFE A T 7z, 20094E7
H 22 B OIS B Uiz, ABFFETIL KEGED /ST A—2 L EREEIZ 31T D101 )
MBI A5 2 D087 )L, Weimer® 7 /L [Weimer, 20051% €7 /W IZFL A AT e — R BASE

73



EHTIAT o720 KDKTORETIX, VAT LAZ AV, 256D SRR CHUAE R R AT,
FHREREMITBEEIHB Th o7,

HEAER (Accomplishments) :
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Figure 1 @ X 9 ICEREIRNIEA S L. 05:00UT x T & SR E A4 5 = &
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FFE B DS F & o7 ULF IWENORREIT, BUHIEET L TRIZZIS 7R Tho
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V7 MEIZ > T SN2 Z EDVRIB ST,
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. T. Yamakawa, K.Seki,

T. Yamakawa, K.Seki, Y. Miyoshi, A. Nakamizo, and K. Yamamoto, Study of the variation
of ring current ions in the inner magnetosphere during magnetic storms on 22 July 2009
based on the GEMSIS magnetosphere—ionosphere coupled model, JpGU Meeting, %#:5E,
2024 45 H

T. Amano, Y. Miyoshi, N. Takahashi, A. Nakamizo, and K.
Yamamoto, Excitation of ULF waves by ring current ions in the inner magnetosphere
based on the magnetosphere—ionosphere coupled model, ISSI-BJ 2024, LT, 2024 45 7
H

. T. Yamakawa, K.Seki, Y. Miyoshi, A. Nakamizo, and K. Yamamoto, Variation of ring

current ions during magnetic storms on 22 July 2009 based on the GEMSIS
magnetosphere—ionosphere coupled model, & 156 [F]HIERERIR - HIEREK R B4,
NI, 2024 4F 11 A

T. Yamakawa, K.Seki, Y. Miyoshi, A. Nakamizo, and K. Yamamoto, Study of the variation
of ring current ions in the inner magnetosphere during magnetic storms on 22 July 2009
based on the GEMSIS magnetosphere—ionosphere coupled model, AGU Fall Meeting, V

TR DC, 2024 12 H

. T. Yamakawa, K.Seki, Y. Miyoshi, A. Nakamizo, and K. Yamamoto, Excitation of

storm—time Pcb ULF waves during the magnetic storm on 22 July 2009: Comparison of
GOES, ground observations, and GEMSIS couple simulation, 25 22 [A] ERG ¥ A&
Dk, AR, 2025 423 H
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Investigation of plasma detachment process in a laser fusion rocket using
fully kinetic particle-in-cell simulation

HRARE LK Em (WNKELRESEIFHER)
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Y BEFET I — FORS

IR BB (Research Objective):

NEOELFBEILRDOI= DO DK EBEFTEA~SFE NS ELH, KEFTRKEDOE R &
T EEETAHEL AT LAOBENRKD NS, LaL, BEOHEKO T TH K
He N AR LS D bFHEEZ S > T L THHBRAKERMIEEIC LE AL, Tl
BAOEEN B RAR AR EEIND. 22T, 202 vy a VI E K EER
ICHMECE DA AHEENMUEHEERK L L CTIRESNTWD. 20—o2ThiH L —W
—ERE vy M, BRERELY — 7 MZE =RV X — L —H— & G U TR
XHDZECEMEEMAKEERI L, UL > TEAHIN DK/ F L F—
OV ZAROWETNCE 2 D 8 ekt e 7> v Th L. L—F—Emenr v b
IZBITDHEAE S 2T MIBERA T A R TF ¥ U NI DR S ANVDO—FETh 5.
WRAT A NTF ¥ o\, BE = R3 X =Ko T T X~k L #EtERl DiER) %
MR E 2 A LV CAR LTSI X > THIT 2 2 L T/ AV e LTHREET 5. £
T, LY —EEa sy MBI AHEIIRAEDOEEIE D DN T T X~ ORI
SOBENIG: (TX v F AL ) THD. BIEEaA VN ERT 25O I#IT
gy he—J T AL —THEEZ LTEY, BN Ty sl (TFyF L)
HEHEANTHE NG L, T4, By 22—y a v EHVTHEAAT A M ¥
PNIZBTFDTTARTE T ALV RDAI=ALABRHHAINTEZH00, #HD
WEIXETPEIIBNPORERIIT X vy FTHEMRE LT ETIThbhvTE .
ZZTAMETIE, ETOTH v TF AL NEEE LT BEHREIZ X > THIIED
WEZITH. TH YT AL b BB LRWES, BGHRELZHRT5L 77 X~DM
CIADREN DM EL, SRR M ET A 6EERSHS. —HTT Xy T A b EH
L7 E &, MBEHIRFOT 2 v F A Faegl&iRZ L, #EAOME T 5 alaetts
bo. LT, #lEEAT 7 A~ F— (E,) (ZxT 2883 A LR ESL
H =L X — (Eg) OlEBLSE-LMTHADIREZFE L, £F&M4ETol
AT 7z,
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FTEF % (Computational Aspects):

FHEICIIA A K OE - EfERL & LT 5 particle-in-cell %% HW\\ oA —7
VI ADT T AT I alb—ara— RKTohb EPOCH #Hu=. EPOCH Tix
BERESS OO B HT A PRI ] 7B ik 22 70 V5 &, RO EB) & O ¥ Buneman-Boris
B4, EBIREE O EFIC Villasener-Buneman 752 W TER LTV 5. HEEERIIZ 1
102 m™3, RE1keVD 1 liKFEA AL EBFEZWEL, A NDBAERT DY
TARNF =L T T AT RN X —DHEy /E, % 0.5, 1, 2, 5, 10 & &L S H 75 T
KRATARNT Y UNNOT T A OFBERILE LT, SHHE 2R MDD, FHE
JERE R & 2IRTT, MOA A EBTOEERE 100 & L7-.

HEAER (Accomplishments) :

A A2 EEFIZIER CHE CEBIT 5720, #1125 T 2 DIXE D 100 D
BEZROA T Thoh., o, FRETOHIINRITRANTREIND A F 2 OEH)
EEWNR CHEI L.

Mmomentum = it )

momentum ?]:1 mlvol
X (1) IZBWT, NIZR 0%, miThi EE, v HEHEOxHm (Fim)
By, v i3k - OFHEHE D K& I TH 5. FHEFEBSMNIHIT H L2k #1220 T
T T ERTOERE Z R - 72 F FEHEFED T2 LRKE L. Fig. 1 3&= L
XLl BIT D EE BN Z R T, T XX —N 0.5 006 2 L7025 £ TG
T —REINT 5 OIZHE, HEDRIZM EL, =¥ —k 2 TRAMEEES.
ZAUTBESRE OB, 7T A~ OB/ S < 72D, =X —s 2 &
JETNHRT D720 THD. —FHT, THXAF—HN 510 DX ) emEN LY
REVFIETIIIENEL 2D, ZHUTTRUF—N 2 22 5 X 5 7l 5t
TTIE, B SRTE TR OEENEINT 5 2 ENFERTHSH. ZOERKE L
TlE, BB T CIdT 7 A~ OB X DBGHEE O Bb /N &L, 7T X~
DOIFEZ# LIRT I OHEH GRS D/ NS K b B2 6D, AR THEH
L 72BN B AW RIL A TAFZED 2 kot full PIC 2 = L—3 3  OfER  (Kojima,
2022) L EEMGR—EE 7T T, 3 &t Hybrid PIC v = L— 3 »OfER

(Nagamine, 1998) LY & 20%IZ EEWVEERTHDH. ZOEWILT T X~ O
FEDH X FOEWZLSTELTWD EBX LD, R TIIM OA F 1R &
BAIREZE L SRIE LT, RO B MEIZ W TEUEE OB WE T LB A
A DN ESBEC L D EG NSNS, ZOERHIZL > TA AU S i,
BIIBE I ND 20, ERELTA A TEF DO R =TI, EHE
BN NEL otz tEZBND. —J7 T Nagamine b DA TIXEFE2FAR L L
THOEE L, A F L EEFICRUEEEZG X TW., 2070, WasHHcXk 58E
GBI NT, A A OMENRELCRhoToEZ BN,
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AFKH (Publications) :
(L5330

1.

FEEER, RVEAZE R G-3) ) TR TREAW P, Dependency of Magnetic
Field Strength on Thrust in a Laser Fusion Rocket |

2. FEEEE, JUNKZRZERBASH TS T2EY, L —V—pida v b

BT DT T AT H v F A b ORGSR EARAFE

(AEE)

1.

Naoki Katsura, “Full Particle-in-cell Simulation for Analysis of Plasma Detachment in a

Magnetic Thrust Chamber for Laser Fusion Rocket”, SUMMER SCHOOL 2024 CAMPUS

ASIA EEST, Fukuoka, August 28th, 2024.

FEEER, [LAED], REE, BREEZ BiEfr 2 vz —Y —@en 7y
MIBT DT 7 A~T S v F A2 ORREE], UMK IMT L FEFIAT - 2250 R
TR T 0 7T L M7 T A~ IZH D BRI PRI 63 2 & O A7 5

Effis, 2024 4F 10 H, JUNKZFHEF v /3R,

FEEER, (LAERM, FEAE, BREEZ V-V —E@Gde sy MNZBITFL277 X
~ DGR & OBERL & B 5REE OBIER |, 55 68 [T A EAmE A i =, 2024

11 H 58 H, EEbarXrvartrg— 77 U00HL, 4H17.

(RRX&—)

1.

Katsura Naoki, Yamamoto Naoji, Morita Taichi, and Kojima Tomihiko, “Full particle-in-
cell simulation for analysis of the dependency of magnetic field strength on thrust in a laser
fusion rocket”, 26th Cross Straits Symposium on Energy and Environmental Science and
Technology, Busan, December 1-3, 2024.

79



AF 2 E—LRBICEY 55 HHRER

Computer simulations on the ion beam environment

MARERE : AHF £2 (BFAE XZERVATLEREARH, HR)
h-usui@port.kobe-u.ac.jp

MRSEE =€ FF (MFXP FAEMZEEEFE VS —, HEHER)
Y A ERRBRERORE
FIL K (HPKRFE KERS R T LERFHER. M2)
By ETUUY. FERERREST. T8N
fak B (HPKXZE KFERS R T LERFEHER, DI)
By A ERRBRERORE

MR E M (Research Objective):

BRI A A= D AT MR Commh R L BT 2 EXHEERD 1 OTH Y |
TV UNTERMSN X2 CEFEMELA A E—A 8 LCEHEMICKET 2 10X
DNTHERIIHEN 255, ZORICEREEN %2 7 7 A~ BAIR DT OIAT RS O P RIgE 5
¥t/ =LA CEOEFHRHAZRRIIIT), Lol FEKEE SR ~OHARLH
Xt AL DOERIZLY = P TOPRIE T DZEM AR I L ONEE A DN B A2 2T
DI, FERE L TA Ay B — LB FFEAS WSR-S B EL LT 2 ERBRE S
NTWD, FRITA A2 B — AFEI T O R FE 1 O EE /3 A BBCOIRE D22 MM 22 2 IZ & B L,
EBAOIRE L BEORBRIZOW T S0 ER L2 D,

FTE F % (Computational Aspects): AFoToTY 12mm
ABFFECIE, S8R5 7 L — 7 CHI% i

Shiz. PIC EF M & 5 R ]“"'E '

Bt v 2 ar—vaya—p O WITTOE ) —

(EMSES) # fi\» 5. EMSES I I3 " A

OpenMP % i = 2 L v RFI.MPI % z | &/ ‘omm

MWiz7m e 2WHB LT, F7 kA de 75mm AAE—L

DRI TEBM AT A B ERT 57200 B

Oh-Help 7477 V& BAL TN D A 1. HEPHOAA L — LI 5

AR EROET NV EK 1 IZRT, Ral—larEFIL

AR (Accomplishments) :

J i EE T O IR ORISR A S L3 5 72 O I BRI El Polytropic &7 /L
AV UTOX S RERZEZZ D, T UERE, BEL HIC, ARITHH RN TOE
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EmREAKE EREARK

TR, BECHEBT 5, - W ~ 9.5x10° 9.5x107
Te ( ne )Y—l 1.2
TeO B neO

1
%@ﬁ\mm%%ﬁ%%ﬁ@%®%é&w{ éMBﬂMEH::::: :f
v B — AR DI R ETRICAFE T 5 X

Wi LT AEET 5 5A (2 BEOEEE e
W) [TV TR ER 21T - 72, [/ 2 12, 0.4
S F e — Al CORETBECKT S 18
%%ﬁ&&if@v@WM%ﬁf 9, & 1.6

HREOGEIL, BFRERBI Oy & bITHH y 14

Df@@&%«fk%@%kﬂ%%m&w > T~

N, B &R OEEOMENEL 2D

\-_._-”__./—c
L. BRI O HEEN B IS TIK 11 s oc o4 o2 o
T2 ENRK 2NN, £ ~IT ' n/ny, '
DNT BB N R b D, BT
Bl y BRRECE LT D L, BAFORIC X " BHHmAN> DR A

DA I B — LFEKTOEBAMICHOVWTHRY X 2: A7 — Ll L TOR BT Ol

VU HRAEML 2 LA TS s EERD Sy ORAE(TRD
x5,

d(x) = Teoyz [(E)V‘l ~ 1] + @,

1] \ngg
LS. ZOFEIZL DA F U E— LAEIOBERREOMZITV, ZHVE TORRLT
T IVEHEMERIC L DEMNOAM T 5 Z T K 0 ARTIEIC L DM EM AR
DR D2 B SOV TR 5,

2FKH  (Publications) :
(BR3X)

1. Y. Zhao, J. Wang and H. Usui, Simulations of Ion Thruster Beam Neutralization Using a
Particle-Particle Model, Journal of Propulsion and Power, Vol. 34, No. 5 (2018), pp. 1109-
1115. https://doi.org/10.2514/1.B36770

2. S.Aizawa,L.S.Griton,S.Fatemi,W.Exner,J.Deca,F.Pantellini,M.Yagi,D.Heyner,VV.Génot,N.André J.
Amaya,G.Murakami,L.Beigbeder,M.Gangloff,M.Bouchemit,E.Budnik,H.Usui, Cross-comparison

of global simulation models applied to Mercury’s dayside magnetosphere, Planetary and Space
Science, online 1 February 2021, 105176, https://doi.org/10.1016/j.pss.2021.105176

3. Zhang, Z., R. T. Desai, O. Shebanits, F. Johansson, Y. Miyake, and H. Usui, Simulating
Potential Effects of Secondary Electron and Ion Emission on the Cassini Spacecraft in
Saturn's Ionosphere, Planetary Sci. J., 4 105, 2023. https://doi.org/10.3847/PSJ/acd844
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Integration of high-resolution plasma bubble model and whole atmosphere-ionosphere model

MRARSE - 8|l BER (REBRFZEFEHRA)
yokoyama@rish.kyoto-u.ac.jp

MRSEE & & (FFFRBE TR EE)
Jjin@nict.go.jp.jp

B 2R AXSEEMBETTIL GAIAN) ORFF - E17

mlll Bz (FEBIEHREE)
sinagawa(@nict.go.jp

BY . RIKASKEERET TIL (GAIA) OBF - £17

2 5 (RERZFEFEEA)
liu.peng.35a@st.kyoto-u.ac.jp
Y BEFEICLHEHBRILREROKRE

KiE [E (RBARELEFBEHRR)
yutani.tatsuki.65s@st.kyoto-u.ac.jp
HLY SR ITSIXATETILOET

HZE B/ (Research Objective):

EHEE D77 X=X, EOEEDRPHERK E OFERICE > Tl XS TWb 7o
D, PR & EBRERR O AEER 24 2 2 & ITERE oW @i 2 #fE T 5 -
THFICEETHD, B2, TERRKTHE SN KKE I, EHEEETKE
RIERAE RO, EEHEOLENCEE AR ER-TEBLONTWD, £2, B
AT 72 7" 7 X~ B E O RIS (1 © BEEE B EL A L2 58121%, B ORI,
NADOAERET(C v FL—a IRAEL D20, GPS %I L 5 EFHIEICHEE A
FIEFTZ RN TWD, 20X 9 I EREEERLO R AN A4 R L, R84 2 F03i
ZTFRT D Z LA, B ERAOWE RO LN TWD, ARAFIETIE, RFICHEZ
fEEDIRK LD REARAT Ly RF (77 X< /3T)0) OARRBERERI & 56471 %
Hig L. (REEBHEEETT LV E AW 77 X~ T VARRIC BT D HF5E & £l
%, BERO KK EBEEEREATT L TH D GAIA TT IVICEDREED 7T X~ /T )L
TTNVEBEBEIOICHES ST 2 L 2 REMREEL T 5,

#HEF % (Computational Aspects):

HEREEREPE | T ERE Y 7 A~ SRR TH Y | HEkE Y & PIERA L DR DO EIZ K
DA LBEFITRRSTERB 2R L, HERICEGTMEEFFO, - T, A A L8
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FO2WEEEZERTIVNEN DY A F 2 EBTOREENSE LN D EREE DR
BN 0 L7 D5 LEMBNTRAET Z2BHERDDZENTED, TOELEH
WCA TV REZRRD, 77 A FEEDOEGEORN D 1 AT v 7RO T T A~ 5%
JEO3 AT 2= W9 5, BIFE F CTIZRH%E &4 C & 7= High-Resolution Bubble (HIRB)E 7
BB EMZ 52 LT, SREREE D ASN—T28EET VOERE BIEL 5,
EA A& LT NOHE fEik) & OF(F k) o 2 s 52 5, MKMEEH.OL
T D EA R—VEERE R & I, BEARE B CEE 88-1270km., #EE JTIAIIZHI 20 FED
FHEGER A T D, ERI SRR ROK 200m F T E S A Z ERFRETH DA,
AR TIEZHOFHE L FIT LT D Z LN EMOY, 220X 1km 2
FELHEL, BTy Ial—arnNETTELLIITLA,

WHE/R (Accomplishments) :

T ANTNFREOR 2 EHORKZH LT A7, ROtz LT
DB ERFTFV I 2 —a ELEHEIT L, TR NRNTNNRE~DOFEENRKE N
INT A =B OB EAT>To, BEIZIZ, /Il FROESORE & REfZ b, g0k
RRIC 31T 2 EHEE m L, BHEE TS G 2 DA B ORIEE 2 B, 7T X~
ST VR OB OB 5 = L 2 RBT, £, ThWEROEHEOTFT, 7
T X NTIVOHER EE Z 5TV 5 Rayleigh-Taylor %2 E DR K E 3R & 53R L,
7T R NTNREOHEE L FEREOM L OB EIT-7, K112, EFHROETH
ENM 2L ST HmEOEEDM E . TNEND T — XIHIET DB R R EZ R
T KRR E L TIEBAY NS WHEIPHICNE > T D 2 ERHEBTE 2.,
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X 212, EHEE E SEROEFRE LS EILGEDO T T A~ AT NVOE &Y
FREROEEDM 2™ T, BB > T LTeBBESRIL, 2F/(ZE+XF) @
Ty 72— 0D, E RO SN S &R RITED T 5, EER E 8
WOEEZ 3 fF L LIZBEOMR LT D&, 77 A= "T)3 2 FELINIC S
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EECRET ORI ONehoTe, —J7, BIERESROMEOZEIT 0.001s-1 FRE
ThHY, EPRBREROENRERENVE L OT I EBHLNE ST, 7T X~
NTZNVFEAEDRA 2 EBOEITDT NREEROEIZE>THE b SN TV D AlREME
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X 2 : EfEH OB BELZ IS HED T T A< X7 ILVOE

AAREFEIZEL D FLA T LV & L CL 2022 4RICF84E LT b o 4 i Es K L ok 1
TEHEE A O FELUCE Y AT, EALFREERD IR K > THA ST v
ﬂmb MEAZ L RS 2 BRI K D EEEEE A B DG E 21T o 7o, E ORGSR, E
DOEMEEINISH ZREFRTE L 2 L 2R Lz, A%IE, HAKOHEER%|
ﬁwéﬂtmt LM A FFOBHEE LB O FELAE BT,

AR (Publications) *
(3R 30)

1. Yokoyama, T., Simulation study of the impacts of E-region density on the growth of
equatorial  plasma  bubbles, Front. Astron. Space  Sci., 11, 1502618,
doi:10.3389/fspas.2024.1502618, 2024.

2. Liu, P, T. Yokoyama, T. Sori, and M. Yamamoto, Channel Mixer Layer: Multimodal Fusion
Toward Machine Reasoning for Spatiotemporal Predictive Learning of Ionospheric Total
Electron Content Space Weather, 22, e2024SW004121. d0i:10.1029/e2024SW004121, 2024.

(O

1. Yokoyama, T., and T. Yutani, Simulation of Day-to-day Variability of Equatorial Plasma

Bubbles Under Various Background Conditions, Asia Oceania Geosciences Society 21th

Annual Meeting [Pyeongchang, South Korea: June 2024] (Invited).
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Liu, P, T. Yokoyama, and M. Yamamoto, Spatiotemporal Sequence Prediction of Global
Ionospheric Total Electron Content Map Based on Machine Learning, Committee on
Space Research 45th COSPAR Scientific Assembly [Busan, South Korea: July 2024].
Yokoyama, T., T. Yutani, Simulation of Day-to-day Variability of Equatorial Plasma
Bubbles Under Various Background Conditions, H ARMEREERZHS 2024 K5 [T
i/Hybrid: 2024 4 5 H ]

Kl e, Bl EZR, B, A4 Y T BRI B L DART T 47 B DR
FHIRBTE S8 AR T, HERFERE S - MR BUR IE 2y 2024 FERKFAES [S2)111H: 2024 42 11 AL

20 M, BRL EZ, TR RN, LA 5, Multimodal Fusion Towards Machine Reasoning

EE'

for Spatiotemporal Predictive Learning of Ionospheric Total Electron Content, H1ERFE
R HUBR AR L PR 2y 2024 RS [S2)11TH: 2024 4F 11 AL

20 M, BRI AR, IR, TR 2 O o HIER R REE O 2 EE 5~ T O R ZE [ R B,
H Ki&ﬁk“ﬁgéﬂ% B4 2024 FF K2 [TEEH/Hybrid: 2024 45 5 A].
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Particle acceleration and heating associated with kinetic instabilities in collisionless plasmas

MRERRE  XF @ CRERFZRZEFEZRBTTEH)

BRSEE  FiE AH# (RRRZXFREFRHFRR)
By AHEHRERER - T8N
mRHEE  EE K3 (RRRFEXRZREFRHAER)

Y HERRERRER - T2 #IiT
HRSEE : Wang Ruolin  (RERRXREFXRZREFRIARH)
Y SERERER - T2 #IiT

MR BRI (Research Objective):

FHEM T 7 A~ P ORERERE O X A T 7 AXT T X~ E) & wER O
R\ FERRIE 2 f AR I KB S T DL B DB ZE R r— W3 kb= 0,
JRVNTE R =T ORI - OIMNEN « I IC B E e kB 2 Rei=d . B f VX —hi 1
LRGN B & O AAERIC L HREAT#% A ICB L 28 G EEES T 52 & T
ELRHIMEEZT, NFMOT R LF— AT N EEBOFHEDEREND. K
TRVF—RAIL KD ®JEE - ER R OE#ER A 7 — /L ORENZ Ko T s &
[FIRFIS, —EROR F 2P 2L F— 2R S, SR —FHROME L 725 &
EZLNTWD., Zb DM - IEICEE 2 &E 2 R EEiEen o 27—
VTR DEHRIALZERICL > TiEEND. LEERn-T, I7uhbvra s
T, ZA— VDT T A< EEHIRH R L EEO BRI IR L O ORI I R O BRAE
1%, EEERICISIT DR OMEN - IO BEICAREICEE 2 ETH 5.

ZOHTH 2024 FEIIFFICTFHYE IS\ CEHT 2REE RO o~ N —
A NMEER R L, @Y v OB ER OB A =L E LTHER SN TNDA F
® Weibel RLEEMEIZOWNT, EOIMIEL A T I 7 AT HZ 2 HIE L.
T, UM TEAEM OB AEFEE LR VI a2 —Ya ra— FoEEl -
RIBEIZONWTH BO—D2 & LTz,

FTE FiE (Computational Aspects):
TITASHOET - A A2 TRb kT & L CEDICH O Particle-In-Cell
(PIC) #EZHWTELLTIREBIVP2WITORBRAMATORE I =L —a
ZFEM Uz, E0 IR BGR 2 W TR ZSE R OBES I 2 L— 3 U biTo
7.
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HREER (Accomplishments) :

(1) A A2 Weibel N2 EMEITFE X iR E B O A% 7] D AL EM L LT 2000
FEED DAFZERARAL LT, BIETHZ ORI L A F I 7 AFRESITITEM SN
TV, ABFEIE PIC v 2 b—32a »Z2HWT, NS L O imn 7
W TFTOA A B— L, EFIRE, HEREDRFHR/NNT A —ZHHT
Weibel RZEMEDOHEEZRE L. TNETIEA A E—LDEEH= R /LF—|Z L
S TAREEMEDORF L NANRRESND EBZ LN TWZDIZXH LT, HiEI 2L
—2a VORERNOIIBEFOXLAFT I T ARV ERELTWND Z L3k
RSN BARMICIE, fafiv~VEE T - A A OB EIICHRIBICEF L, B
WZREREIEOL ETIE, ZRETEZILNTE LD LD NS 2L~ L
FFlelponZ oo le. 727120, BRIV 2 F72 & EIZIIHE e R
THERNELS 25720, ML~V NETORMBL Y LBAEMERD. &5
2, ZOREFITEERREIM L VO RBL D ELEENTHD. (K1 2H)

T O ORERIT, A RS 2 a8 BRI A B 2 555 121%, Weibel
RLEEVENE R TR D 4 & 72 5 7 DI IR E R H A I WA TR S,
BT R R L R 7 & O FEAR KR AU B TR S 2 AR & Ar D LT R
WL U CTIRADE D Z LR S NT=. F72, FEBR=EICBIT D EEEE B O R
TIXHEARR 22— R B 2 8 2 T2 A2iE, 2 E TOERRE T+ 22/ A 7
—ARENTNZRNWZ &, LTER o OE RO ERMSGOENEELRDZ LD
et L7e. L EOREIE, @)X — RIRBLG: 0 PR/ B 0 BR85S B R~
HE R RRE 5 TN,
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(2) BHAFM O EFEE L BEY I 2 b—a vra— ROFHBR MR LT
1ToTEY, K2 LT LK OEI > TEN 2 iEk A H 2 ZBL T
TW5., Zo=a—Rickt LT SIMD b0 A Ly RIEFHL O S kA L7-. K24
X C++DF A 75 1 XSIMD % v 7= SIMD 1k otEfgm Lx L7 0 Ok 75
DO E L TRLTWS., FRFEERETORERETH Y, FIOR AN T2V
AT R E A MERE EAHERR C& 7o, BERRMRMERBIIR KR T8 TH D L2 E R D
&, PoletEREm ERE LN TWD. O Fv—7 2 EHAB4FX) THIT-> T
BV, 0% SIMD fbic L MR EOBWEN R LD Z & ZHER LT,

Qt=20.00 N
4 —8— Xeon AVX512 (Kyoto)
1 —e— A64FX SVE (Fugaku)
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Fig2 (£)BAZE T Da—RIZIAEES S=b—a . ARSI OSERS Bl D8 R4
ARLUTHEY, 8 EOIRRIRIZE S TH Y IO YA XREBIL TWHZ e 005, (F) SIMD
{BIZRDMERE M EERO BB ORI BUKEM:. RO FERT:, FHEEHEOR RERL
TEY, WTFNBRL BN SN EEITIIRE S MERE N LR TED.

AR (Publications) *
(8 32)

1. Jikei, T., & Amano, T. (2024). Saturation level of ion Weibel instability and isotropization
length-scale in electron- ion Weibel-mediated shocks. Monthly Notices of the Royal
Astronomical Society, 531(1), 219- 229. doi:10.1093/mnras/stac1187.

(O

1. Jikei, T., Amano, T., Matsumoto, Y., Kuramitsu, Y., Electron Heating by Ion-Weibel
Instability in the Presence of Finite Beam-Perpendicular Background Magnetic Field,
HEDS2024, Yokohama, April 2024

2. lJikei, T., Amano, T., Matsumoto, Y., Kuramitsu, Y., Magnetic Amplification by the Weibel
Instability in Weakly Magnetized Astrophysical Shocks and Laboratory Laser
Experiments, HEDLLA2024, Florida, May 2024
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Effects of the intrinsic magnetic field strength on magnetic storms
based on global inner magnetospheric simulations

BIRARSE - B #ERF (REXFRFREFRHRE)

MRFEE KRB MK  (RRAFEXRZFREBFZFRHAER)
B HELIaL—YarvDERT. T—2HM

WZE B B (Research Objective):

Bk R B 3B1T 2 I KO A BTG C b HBEAURARZIL, BREIAHE L,
R RF I I IR PRGN LoD LTV Th E D BFO 2 VW KBEIICE S £ T
FAF w7 R BENG &R &ND, BAEFFOREROFEEIL, B OB
EEESED0T TR, Pes N EicfFE SN D ULF #2425 = & C.
TR E T OEINC L T 5T D LB LI TWD 08, ERERE & A O o sk R
fE G OB ULF WENOZER 040 O XELE IR A 6 %< . BB ifE%
BDHIZIEEE-> TR, 2, ZOEEFEITHIZ Y HIERO EA RS N BRBEITICH D
. B BEETREE 355 F © Te BRI KR D FE N E D L D IZZELT 202250 TH &
< bho T, KiFZED B, B O FY 7 MESERUIEISEES < 5 TN
W 7 a0 — VT AW EEY S 2 L— a3 DX | B R SR
SERFONTRE XA F I 7 ACHG 25 BEWALNCTHZ Lilh b, BIEOH
BRI CHRERIICRGE S VBT V&, [EA BGEE BBIEDOHIER D 2/3 L 55
B OWTUSHT 2FTETH 5,

fTHEF % (Computational Aspects):

AL T H D NEESUE 7 1iE, BIEOHIERIZ ST Dk IE#LE LV S AHION
BB DA A v A L BRSO RFFREEE B O BREE ICH KU 7 b
BEERAL O 7o — Ly I alb—yarEareEda—Le L, WRIERCITERH
BOBLRT Y /LI N—LfEET 5 L L bICERIKE Y 7 X~ OiEd % [[Kf
IS BT VLT TN D, A A AR BRI S IROTEARZER] TRES 2 L2722 D72,
ZERRBIE R B2 EMBEE R DEFE Y V= ARKEI X 5, BEREFMAITONTIE,
7T R v— MUDOIEEER LI HOWTIE, V72— 0 MHD &2 =2 L—3 3 Uk
BT T A —FDONRT A =X L THW,

MEAER (Accomplishments) :
BI{EDHIER (Case 1), 35VEARIHERIEDHERD 2/3) CEA B D23 LT
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Cross

Dipole magnetic . Simulation :

lonospheric Temperature Density Pressure polar cap

Case moment g box ;
conductivity [keV] [fcc] [nPa] potential

M L [Re] kV]

1 1 Standard 3.6-7.6 8.4 1.3 1.72 75

Z, Mt
P -
2 2/3 5, o M43 3.1-6.6 8.8 14 2.00 57
3 213 Standard 3.1-6.6 7.7 1.5 1.88 72

Ein==4

Table ] > a2l —a DX TE

B E R EE 2 5 < LT E (Case 2), 99V EA WG 72 3 B HERE & X sE E %
Case 1 L [A UIZ L7225 (Case 3)DEEFEBR AT o7, 4 Case OFREEL T m—r3L
MHD ¥ 2 = L— 3 URERD BRI U 72 /MM AR QRE - B - [E ) & 7 v AR
—7—F% ¥ v ART ¥ /NI Tablel DY TH D,

£ Case {Zxf L C Dessler-Parker-Sckopke(DPS)BEf% =725 SYM-H 54 & st5H L. U
VT H VL N DI EEO B E LG LT (Figure 1), = DOFEHR. SYM-H 85t DR RE
TOfEIX Case3 < Case2 < Casel DINET/hE <, WAOBE S FEBROIETH > 7=, Case2,
3 T Casel &V &R SYM-H f5E0N B L7cBil & LT, 99V B Tld, i
o IT %t U CHIER L S OBRBES I 22 572, RUZ MZXkp V7L r b
DIFPLATTAS~DIGENRL 2D T ENEZBND,

SYM-H 58D K E S DEWIL, X ESH DK E S & [EA WS O RBERITIKT L
TWh EBRIND, V7 by hORZ VX =TIt ES DK E S &K
RIFNHREE R COJESI DRI L > THRE SN TE Y, Casel ~ Case3 > Case2 &9 Bk
(272 %, DPS BRI IuiE, SYM-H #5503 Y & 70 Lo h D b F — %2 Wik
TR DT RN F—THIL L TROBADH, Case2 TlX Casel KV BHEEREE N

SYM-H index calculated by DPS

|
P
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| |
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_120 T T T T T
0 2000 4000 6000 8000 10000

time [s]
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R, JBAR—T —F ¥ v T RT U ADNSILSBRHZET, VT e b
DTN F—H/NEL oo TWER, ZOBLR, BHHREDOENQRAB )XY b
INENDOT, SYM-H IS L D /hEL< 2B bW iR -T2,

F7=. R CET VAW THFSE(Yamakawa et al. (2023)I12 L D #E & RO, U
TV MR ORI AR EAEFIC K D Ped 225 Pes # D ULF B Dbt & 4%
r—ATHER LTz, A%, sFIZ2 T 2D TN E | &7 — A TR L 723 Eh o6l
MEMESZALNIL T FETH D,

DT (Publications) -

(5R30)
BA=LAP

(AEE)

1. “Effects of intrinsic magnetic field strength on the magnetic storms based on global inner
magnetospheric simulations”, & HAIK, BIRERF, (LI, (LATFIGL, TA 5 &, R,
REFZEAM 55 20 8] ERG ¥ = ARGk, MR, AHiliL &R, 2024 43 1
2. “Magnetic storms of a weakly magnetized planet based on global inner magnetospheric
simulations”, Kazuhiro Osada, Kanako Seki, Tomotsugu Yamakawa, Kazuhiro Yamamoto,
Kunihiro Keika, Yusuke Ebihara, Takanobu Amano, Yoshizumi Miyoshi, SGEPSS 2024, 88
R, Awise L, 2112024 4 11 H
3. “Effects of intrinsic magnetic field strength on ULF Wave Excitation related to the
plasmapause”, Kazuhiro Osada, Kanako Seki, Tomotsugu Yamakawa, Kazuhiro Yamamoto,
Kunihiro Keika, Yusuke Ebihara, Takanobu Amano, Yoshizumi Miyoshi, 374 A~X— X DK
FNFX =TT A<hijiks, HEER, AL @, 2025 4 3 H

(RR4—)

1. “Effects of intrinsic magnetic field strength on the magnetic storms based on global inner
magnetospheric simulations”, Kazuhiro Osada, Kanako Seki, Tomotsugu Yamakawa,
Kazuhiro Yamamoto, Yuki Nakamura, Yusuke Ebihara, Takanobu Amano, JpGU 2024, =~ A
F—REFk, BHiRL, HE, 2024 45 H
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AfBaOoFrmaoRERERSR

Long-duration simulation of solar coronal heating: connecting local and global phenomena

HRARE . BSFE CRERFHERERERZHR)

BRSEE SHER (FERRRXFHIKREMFZER)
B IFRHA. ER
HMILRE (RBRKFEXRXE)

HL ;SR

MR BB (Research Objective):

KEGEOBDPUINHR L TORE ThH D, —FTREMPOLMN2 TXe FEOETH
HanFik, FEEY 1 00MEESENTI OO0 FELETHY, BVELSHEENHI1EL
B RDWHRBIR N AE L TR O KGR KDk L 72> T, BIfE, K7 LT O
10 (BfE E/NSRBERBRTHDH T/ 7 VT RNE LT CHERGAINCAE LT Taa T &0
LT TR, ZOEIICIIMEDBBER L TWD Z ERNmho TV DH A, Bk
IR 572, — Tl O mGEBLINC K > T, BIRASMHED/NS 727
T A= OGS LB SN2 2 LoD BT E ) DATAR S OFEBIR & 72
Dao ) THOTWDIREENERIN TS, 20 [EGEER) Naof~ghR
IR RV X — 2 G L TV D A[REMEDS, B hA BTV I 2 b—T g v
IS THEBEINTWD I LD, IGEEN T /) 7L T 25| &BITZENTED
IEDERAET 2 2 E 2 B E UBIEH R 2 F(T L=,

FTE F % (Computational Aspects):

3 WA 2 2 L —y a 2 HW- MPL WAIRHE {772, ZOHET
IERBGREE FOXMREND E2Eoan T2 —B LR LTEY, aua i
DZXNF—JRTH HEREFIEN AN ET DL IITHEINTND, E>TH
[ COMGEBEDRA « RHMND A F~OBR TR X—M4G - a2 ToORR
TRAF—HRICE DT T AIEAE TE—E L TCHDEAWIZH Y Z L NATRET
H 5,

HEAER (Accomplishments) :

K OB L/ (A X 1,000 km F2EE) ORI THAET H/MA 7 —L (100 km)
IRIRN A 2R T D 2 & T, ERHND v+ £ THONDERIRORS DR A%
B L, ZoBGEEICtEI¥E (RE-2eFHHE) ToOMmmiz-ouT 358 fi
DICFHENT 24T o TofE R, £ DAL - Fan - FASE - |5 D ATHFE OBLAGE R
CEANTHD Z EaMER LTIZ, £, 2O OB ERIIKGanF~mxIhnd
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Fig. 1! EIIMAKERN a0 F~E LRIV —T T v 7 A (KA T
ST 7Ty RA) ORFEIEE, IR EENEAEL CWAHIEZR L TEBY,
FONKEFFEID . A4 L o DN ) oEER T Ik G L TuWhb,

RN —REBOBLZ Y E2HoTWnWHZ L2 BN L (Fig. 1),

S HICHGERIZE > Tan FPICEE SN T-HER TR L F—1X, MR ax7 v s
Nk o TRt Snav F 2T 5 Z L LN Lz, ZOMEA X2 FOEDD
EOoxI L, TIUTHE MBA= RV X —ZFHAI LT & 2 A, ZOFRAME AT 5E
oA RTZE N oTo, ZONMITERDTF ) 7 LT BRIORRE L L —&L
TWHZ EnD, BREENT ) 7VT ORI NI T—THDHZ L EHTITH LN
IZL72Z &R, KRR RDOMETH 5, 2BBEMR 2 EHiam & LT EH T
ThD,

BFIKH (Publications) *
(3R3X)

1. H. Kuniyoshi, The role of swirls in solar coronal heating, R KFEFH
MERMBKRERFERIBELHX

(QEE)

1. H. Kuniyoshi, S. Imada, T. Yokoyama, The role of swirls in solar coronal heating, F#SK
FREMEATHIFEET (RIMS) > AR & IR 72 8L ), AUAT, 2024 427 A (A
FFRiE )

2. H. Kuniyoshi, S. Imada, T. Yokoyama, X[5= = FINEUZ 31T Ao 5], B AR
TR 2024, SR, 2024 429 H
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3. H. Kuniyoshi, S. Imada, T. Yokoyama, K5 = 2 BT O &E|, BHimET
YIRTY T A, HUR, 2024 4F 12 H

4. H. Kuniyoshi, S. Imada, T. Yokoyama, AKF5= v FINEMNZ I3 DD #E], Cool Stars
Workshop in Japan, 5, 2025 4F 2 H

5. H. Kuniyoshi, S. Imada, T. Yokoyama, Kf5= &2 FIIZMZ IS 1T DimO&EE], KRG
FEAER T R T T L, WO, 2025 42 H (AR )

6. H. Kuniyoshi, S. Imada, T. Yokoyama, KB = = FIIEMZI51T B D& E], RAKS
AT R R R R EBR(KDK) Y VR T A, AT A 2 2025 4R 3 A

7. H. Kuniyoshi, S. Imada, T. Yokoyama, Kf5= &2 FIIZMZIS 1T DimO&EE], HAKIL
FRETAES 2025, KIR, 2025 43 A

(RR4—)

1. H. Kuniyoshi, S. Imada, T. Yokoyama, X5 = & BT 2O &E], [E 2 KL
15 Center for Computational Astrophysics (CfCA)~—H%— X I —F ¢ > 7, T, 2024
11 A
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BF/NMTYy Fa—FIZEDEHRAVYRS—FE—F -
O— 5 ABHBERE TCOFRIR FHEEERADEREER

Electron hybrid simulation of wave-particle interactions in the generation process of
whistler-mode chorus emissions

MRARE - ik A GRIEKFXRPREREFHEER)
yuto.katoh@tohoku.ac.jp

MRSEE . Kt &8 (RBRFZEFEBZRF)
omura@rish.kyoto-u.ac.jp
Y S EEROERRE
bR #Eeh (RIEKXRFZREFREZHRH)
masahiro.kitahara@tohoku.ac.jp
By AEREROER. AREROERRE
ik E=E (RIEXZXRZREZHRH)
koseki.saito@stpp.gp.tohoku.ac.jp
Y STEREROER. SHAREROERIRE
BE i (RIEXZXRZFREZHRR)
ko_isono@stpp.gp.tohoku.ac.jp
By AEREROER. AREROERRE

HZE B/ (Research Objective):

RAYAT—F—R 2 —F AT, HER P S 00 B4 1 0 D sl (] oD ek T
INHAL—L U MR T IR E TH D, JER BRI LT DA o —F X
TS OB  EEGRAF ST IR DL BRI A3H0 | EE Rk oo B R CoBIL,
N TIRFMARIZ L2 BB A I S<AFZEIZ L > T T ORI DNC SN TE T, H
BRI AR A R I B DA R B p L — B A DT Ty 7 AEECH LT, a3 —F &
HHHZ LD MR R B L O T A B LR R A B 8 &2 - 2 e R S, 4
KEMIENZB D CTHRICE B2 L GRS QW D, a—FJ A Sz ey T4
BELENTZE T IEREAERE T U T, IREIA — a7 2 A S E AL LR LN/ TUND,
2016 4= 12 AIZHTH EIFoni-UA A —2EE# A ERG (bHH) Tk, =—7 A te
FT R R X —F A L O AN E RS SO —SL L TEITFHATND,
2— T AN O A AR 3T FE—RRBES T oA e ey A LR LT A IR
TP Bk -8 AAEADNARENCEE ThD, AWFFCEETIL, M B IR ZED T

B NATVyRa—Rz W B OS5 EE SRR I X —F 2 o A4 s 2
ZRHIL, B O A S5 2 TR B IR K LT R L L DRI kR Be )
B, IR B - AAERICE 22 —F A S O AT E D ETOT B AR KD fE]
(ZHRHA TWND, Fiz, ABFZERREIZEVEA L E Uz, 1 S ies 0 S O 22 [ Al <5 —
KX — A DA B DL D2 — T A I MR R E T RERE IS B L5
T, HupgE IR (ULF 3% 8h) SomE A (o HetE Alfven %) 3= — 7 A FUH F8 AR AR I
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FAET I OWTERL TS, FH5 ROMBICIL, 7 AN A2 OF A 528 T,
FeAE LT — T A EAB R RO = L — 7 L OB LR R A 2 35, AR
EECTIL, S HE Alfven BUZE D% E eV-keV BT OHEFLIEBTRE LIEMIL RN R BT DA
Fe R (Saito et al., 2025) (IZ- DUV Tik 5,

FTE FiX (Computational Aspects):

ST Alfven TR RE IR T TAIZ B 0 &S D ZEITEY keV HfE 1O INdE 2%
FIEEZ T ZENFNDILTUNND, e 7R S I Tl Selié i | S LTI B M O & 23
AT T —~—F R L7 DIEEN R Alfven I (kinetic Alfven waves: KAWSs) DM E %
U, keV HEFOME MR KRE R EL KT T ZENHLNER> TS, KSR
IR ARE DD B AR E 7 1~ AR5 KAWSs 12 L 5% eVekeV DR LF— & FfO
T OB IOV T, BN TR E W EE R UL 2 O+ D iESh %
iRt T ANBL FRNT 24T/ Z & TRz, B OEB) HFE UL 4 kD Runge-Kutta 512X
DiiRZHED T~ KAWSs DI Skekochihin et al. (2009)(2525 75 # IR XU IFESWTH- 2
oo B RGOV TXE A7 Yy Fa—RTHW A Tk [Katoh and Omura, JGR 2016]
% 2:75 |2, Katoh and Omura (2006) CH DAV [ fEEEIE R TER T ET MTEEDSWTEA
L7z, BHR OIS MEL L Cld, HERREGE D L=9 |25 DRESTHRCIN » 7275 Fohih s
DZEMABLAFEL T, AR EIZBWT 1| mVim OINEESIRRIT M OBy &
0.15 Hz ® KAWs 2ME IR I > TR T 2RME IR E LT, SHITARIFZE TiX, KAWS &
Landau DI 236 7= 5 1 DOIEENI OV T, 2R LB RG2S AT AR 22 [T
BUIDIEE T OEE) H XA EH U, HEE 7 ONFEZEMIC IS D008 2 R T
HARE—MER T S ZERILL, S DA E BT 2281250, FHREROBEIZH
Ay

HREER (Accomplishments) :

FHEAE RO —FIZK 1R, =X —100 eV, WL YT 4 10 EOE 12/
RARERE | EAMMINLE L CREL ., BRI > (T — 1B T 5B FE TO KAWS (285
WA B LT, ZOfEE . KAWs 0 Landau 208 L0IE S AEAE GEFREL) &0t ~ 8
sec |ZHESAEIE 60T DOIT— 5T T S DIEN 1 22 T KAWs (2 X A5 bk
THERIRE NI T — B8 28R QEFE2; 8 sec <t < 10 sec) . T D IRE S ~&
EE T DE T DHEHED KAWSs (20072 N2 52 1 D8 GRAR3) mEE R I
TWD, AFZETIEK 1 ITRENDEIEE | Bk 2 R =L T — 2 DOWNTTRW, £ 0D
ft R D, KAWSs (ZL AR A 708 - hdi 2 X FREOmfR 1~ 3% R 52 LIl T3
HZEBFALNE LT, SHITARBFZE T, B0 KAWSs (ZED NN /R 7= 3 - 28 A0
TARNF = ARV E R T ZEEALNE LT, 2O OHE FIIRIAEICBITD KAWS 12X
B TR —E A RGR RO M E B omEE 52 DR Lo T, RERIC OV T
Saito et al. (2025)& S HRSL720,
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Fig.1 KAWs & Landau L0 IZ LRS- T O#IE (Saito et al., 2025), FE#HI LK
FEEE | MEmTRR R 2 7R L BV N E I RIET A TRT,

AR (Publications) *
(3R 30)

1. Saito, K., Y. Katoh, Y. Kawazura, and A. Kumamoto, Nonlinear dynamics and auroral
acceleration processes of electrons driven by kinetic Alfvén waves in the magnetosphere, J.
Geophys. Res.: Space Physics, 130, €2024JA033469, doi:10.1029/2024JA033469, 2024.

2. Tachi, K. and Y. Katoh, Formation of a magnetic duct by the compressional component of
ULF oscillation: a ray tracing study of whistler-mode wave propagation, Earth Planets
Space, 76, 166, doi:10.1186/s40623-024-02109-1, 2024

(OEE)

1. Katoh, Y., P. S. Rosendahl, Y. Ogawa, Y. Hiraki, and H. Tadokoro, Role of the mirror force
on the collision rate due to relativistic electron precipitation, EGU General Assembly,
Vienna, 14-19 April, 2024.

2. Tachi, K., and Y. Katoh, Propagation of whistler-mode waves in the magnetic duct caused
by the compressional component of ULF wave oscillation, EGU General Assembly,
Vienna, 14-19 April, 2024.

3. Katoh, Y., Properties of the generation and propagation of whistler-mode chorus emissions
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10.

11.

12.

13.

in the Earth's inner magnetosphere, ISSS-15 & IPELS-16, Garching, Germany, 1-9 August,
2024. (Invited)

Saito, K., Y. Katoh, Y. Kawazura, and A. Kumamoto, Test particle simulation for electrons
accelerated by kinetic Alfvén waves and precipitating into the ionosphere, ISSS-15 &
IPELS-16, Garching, Germany, 1-9 August, 2024.

Isono, K., A. Yoshikawa, Y. Katoh, Y. Kawazura, and A. Kumamoto, Curvilinear magnetic
fields and ULF waves: A local frame approach to linear MHD waves analysis, ISSS-15 &
IPELS-16, Garching, Germany, 1-9 August, 2024.

Katoh, Y., G. Ishizawa, and M. Kitahara, Evaluation of the nonlinear pitch angle scattering
of energetic electrons by coherent whistler-mode waves, AOGS 2024, Pyeongchang,
Korea, 23-28 June 2024. (Invited)

Katoh, Y., Y. Omura, S. Kasahara, I. Shinohara, M. Teramoto, and T. Mitani, PCUBE: a
CubeSat project for probing, controlling, and understanding of radiation belt environments,
AOGS 2024, Pyeongchang, Korea, 23-28 June 2024. (Invited)

Katoh, Y., K. Nagaoka, S. Kubo, Y. Omura, Y. Hsieh, and S. Okada, Control of the Phase
Space Distribution of Relativistic  Particles by  Electromagnetic =~ Waves:
Laboratory/Numerical Experiment and its Application, AGU Fall Meeting 2024,
Washington D. C., 9-13 December 2024.

Isono, K., A. Yoshikawa, Y. Katoh, Y. Kawazura, and A. Kumamoto, Local frame
approach to analyze the structure of magnetic field lines in the Earth's magnetosphere,
AGU Fall Meeting 2024, Washington D. C., 9-13 December 2024.

Saito, K., Y. Katoh, Y. Kawazura, A. Kumamoto, Theoretical and numerical study of the
nonlinear motion of electrons accelerated by kinetic Alfvén waves in the magnetosphere,
ITER International School 2024, 9-13 December 2024.

bk WA, OEEMEN, Raytracing study of whistler-mode waves in the magnetic duct
formed by the compressional component of ULF waves, JpGU 2024, T3, 26-31 May
2024.

TEfR SERE, DNREE MEN ) FEE, BB K, Kinetic Alfvén wave ([ZLD4—0TE
TGS FE OB - BB B 22, IpGU 2024, T-%E, 26-31 May 2024.

TR SRR, M KEA, N P, BB B, MERBSAPEICESIT S kinetic Alfvén
wave (ZEDRNFRAZLFE T NG O Blag BRI ET, HIERFERG R - I BRRR & 2
22024 FEFKFAES, S7)11, 23-27 November 2024,
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AERBABICET5MEDHERR L TOFBIFEICET S
HERSaAL—ay

Evaluation of charging of objects near the lunar surface and its measurement technique
through computer simulation

BIRARE - REH B (KEWKFE £FENZERE)

MRS EE DGR (ER#BKE £EHFEER)
BY . HERR - FHAIFEERE
FHe (RRXEXRER DA TLEREARH)
B FERR - fHAFEERE
=Y (MPREXRER DA TLEHREARH)
HY EMSES Y 2alL—Y 3 ETYVY
HREGR (RBARFE £FEHRER)
BHLY . BERT7UTFHAVE—F U RD&E
AR} (RBKRFE £FEHRER)
Y AAHFERZDY I 2 L—3 3 VNl
R E M (Research Objective):

FH 7 A~vEEERmAMNE S Am X, ASAHTE - A4 & KB
RGN XD HE A DONT AL D HENBAET D, AmOmEIREIZ, K
HORGHIB#E T 5 HIR - HRRFEIR CTEWASH D Z E N A TEEOBIH . EICL D b
o TWD, £io, HITHFET DHEHLMEE CIX, A A LEFOBEE OIS
BRRETDLZEPHIES I 21— a VTR VHALNICR-oTETND, UL,
Amizix, HER - HigfER, iR S8 U TR ERENFEL TS LB 1
b5, HEIZL T U R LRI DM ihl TEDLN TR Y . iR & FERICHE
Lok, R BERNICLVRER EOBEIZ 5L EZ2 6N TND, THROMERIC
& Lo L) 23, FHROEER T, DO REAIZORND Z ENT AR Gl
DRI D D> TEY | AHORZER NFIEINCEEL KT L 9 D ETh D, 2
DL Y ZOEEZ AT HEFERNIT. HHOHEEICHR T2 200, HEHE
MRS D LlX, ABEERREE 25, AFETIE, BHEBKI I 21—
CEBMEL T, AEICB T 2MEOHEREBLHM L, S 5IT1E. TOBIITTERHKS
NORERE LT 51D DO FELHET L2 AfET., ZOHMEZERT DI
B2V, BEFTEOE#EL E FORROZYEORF 21772, £/, Amicwics
BWGEIZBIT 5, HEEEOBENMNEIEICE LT IR R T 217 > 12,
#HEF % (Computational Aspects):

AWFZETIE, 2 b—a VZERMAICNEER 2% E L, MIROFEREZ A
T % Z LAAReZr EMSES = — F& vz, EMSES i3 3 kot ® Particle-In-Cell {4
b LI, B LRFOFROEHZ21T5, HEHELZ S EIERTI—ATBNT
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BUES R 2 b—2a &7 95 120, FHRFFM 2T 2 55 E LT, 3 kot%EM
T%MLthﬁm/\JVHVa/%zﬁx SR CHEMT D H#HE & oo, RS
DI alb—a Tl 200x176 77V v RO 2 RGZEMZRY . 7T X~ D/3T R
— ZIIKBET OIRSE « BEZBE L TWS, 777 L, 7o —rE, Wik oot
BAHHIE, 22— 3 VOO DIEA L TWRWY, £, A4V EE
TOEEHIZ 20 & L, FHREFHOEMEZX > T\ 5,

r N
AV A4
EB{k2
............ 110grid
176grid 40grid
EK] A 60grid
HEk s
\ 4 Z

v

b 200grid L, X

Fig.1 3=l —1alZEMNIZBIT DR DL E

Vo b—va VEMNICIE, AmEEE LR A E L, TICET AT
ERE 1 ORELTCNDEIE, ER1 LS, £z, ERMEHO Y 1 —7 % fifkE
L7238k %, ER 1 OB EHIZ40 7V v FEEN - HAUZEE Lz (Utk, EIK 2
EIMER), VR m b—a CZERINICE T 2 A, EIK 1, K2 OMERBTREK 11T
T, 2RI TORKMEY 2 2 b —2a UL L TV A0 ERpd 572012, EiK 1
MNHER 2 IR L CELEZHML, BR 2277 A~ biiivdEIE RO, 77
R 2 TR AT o, T U R 2 T RO BRI &Lﬂbfﬁé#+“
IRV B OB T 5 HmRE AN TR0, 2 R TZEMICRE L2EK 2 D
RELISRELTWBELEEZOND,

AR (Accomplishments) :

a2 lb—2 g VZEMNICBITREER2DT 7 2 TR AR DR A FE M L
TREREX 28T, T 7 2T REEES T 57201, IR 1, IR 2 3 FiEE
NAZTE L7 BB D, R 1 OFEEA-100V 2> 5H+100V OFPH TR L, ik 2 12
MNDEREBSE L TWD, HHRIZ. I=21b—3 /0)/\7%*‘§%f’7‘/7‘: a7
FEOHEGRNUCY TUID D Z ETH LD, FINELEICKT2ERTH D, SRR,
VIal—yalrnbEbnHNEEICHT AEROMEE L 72> TN D, EDOEE
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OFEITE BN EET 28EE T, B el I 21—y a VIRV AE R
LCWb, —fi. A FVERNEHT LEHNBENAOHEK I, Bl I 21—
a OFERN, EiaRICHRTEROKRE IN/NINWZ LR,

le—-6 -V

—— Theory
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BFEM LT, TOMREEK 3RS, A4 EEBFRRUEEDOEAICIE, 7072
2T EEOBEGHBREHE Y I 2L —2 g VORI RIZRBW—EERTZEND A4
DEENETIV GEVWGEICAOHINEEOR CARNEEFND I EE2REL
TWb, 12720, BIERSI ORI A 7 — V03 A A2 OFEB OB A &7 — iz b+
FEIRESNTORWAEERS 5720, 5%, W5 O —LoA 40 L&
FOEEMAERE LI-BEY I 2 —a v b2 FTTH2L T, 07 a7 D
HER L ORI L THLMNZLTW FETH D,

le—6 -V

—— Theory
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Fig.3 #HHMS 2l —alllo TELNZER 2 O E-E i
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EROT T AT REOREI R — 2 a iINA T, A EICHIRNRESNTSE
D A FZEOBNNEEICBEL CORBEL Il —Tar b EMLT, FOREEEZM 4 1277,
HEADFEHRITI 2L —a ZZRNICA T O A Z % E LG A ORER ThH D, fkeAL
POMBIIZN TN, EIK 1 OLERBELIZSGA L, EK 1 B8R ZHRELEZSADOU
2l —al G R Th D, BRAHREL-ZLIZXY, H AN OENIL., EENRWSSEIC
EARTERL 2o TNDZ e DD, Tk, A miZ OB 23 E L6, H AR
Kb HOLEZONDEBMNEENELEN TVAHZLEERLTND, ElK 1| OLERELIZES
CUER 1 BER 2 ABRELFESEAEDOI I — L al R A T Al R 2 AR ELE
ZEIZI . K 1 OBRBFEL TS A OBMEEENELESN TWAZERDbND, 2T,
EHRENETHDICRE LT r—7 B, FHILLO LT oEMEEE R HL TV
ZEERLTEY, AmICYIENGFIET A5G EIC BT DENMEEE EMICHIE T 5701
&, AR 2 ICEVEMNEEOELNEZ IR DM E NG D, ZOELIVE, BAK 2 (2347 ZEji
L EK 2 OREEN YT IA BT DT AHZETERAETHLEEZ N, &
B2l —a OIELE 2 TN,
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Potential(V)

—2.04

—3.04
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=331 --- 1 Conductor

Figd FHHERE ol —va il THEONH i EZEDEN A% E
Tk BARIR L | AR : H IO 28R ARAEGHR : A 1 &% D 122 IT3EAK)

A HEOBNMNEEDEE 2L —rarZ2E L -2 2230, B TFEICE T2 AN

BN TND, B, BHEEE TITHhN TSI, AN TWICH R 2B L8 % /)
kL, A LT IX~DMAERMOR RAEENLT T A~ EBADO HZ G 5561213 T
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—NEME DTN TS H RSB D 2R . 7T A~ B ARE T DM END
%o — 7T N Tz E LT A HEL OBAEEZ ST 5561213, ATYICHRS
HENEIEE B I AN TEHAITTED IS T D70, T —REMRZ LA LRWIEI 8L
WeEBZDIND, S, ZOIREIES 2 —ar k| NIA =B LSRN FAT
FTHZEITIY | KRG FIEL T O FLEZ FEHR T LB T D ME 2D Tl
TETHD,

BT (Publications)
(=F:)

1. S. Kurita, Plasma and electrostatic environments surrounding the Moon and their
exploration, ISAS Planetary Exploration Workshop, Tokyo, September 2024.

2. ARAF}, R, PEC, REOMR, PSS, MM, /NIRIER, H s
BT 73277 u—7 RKtEORAAFER, 2024 % KDK V2RI T L, AT
PR, 2025 4 3 H
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ZHESaAL—YaVICKDREDRES T L BEBEDH
=

Study on planetary ion escape from Mars based on multifluid simulations

BIRRERE  REEWFR  CGRALRFEERFEN R
BRSEE - FHES  (RIEXFEZEHRR)

By . EEA
iR (RRAZFEZERHERD

HL SR

MR BRI (Research Objective):

Kty O K BRITIRE 2 RAEZHEFF T 5 DI+ BV RK A REF LT 223, BUEIS
EDHETICKLADORIAEIELTLESTVD, KEOKEEBUEL D bIAAK
B X H - WREREESR AT (XUV B 1T S BB RKOMEN - BEEDSTER 1T X
TWeZ b, FHERA~OBRERROER (4 8ik) BRREROFERD—
DLLTEAINTWD, BIEDKETIE NASA O MAVEN 7 EHH O & RIEA
ICE DB MHD >R 2 L—va U EII LD E LIEEFRIC L - T, A 4 ok
WRERLZF N A LRLT A EZZ O TOFENFE IS SN TW5, L LIEROMT
FECIT KR EREE O FE ) THLRFEA A (0, O, CONTERNRE THNT
BY, BEAA L ETWVEEBHMILEZEF> TO D ZDICBIIINREE CH 5 IRBIEH
ZateA A (CY, N', CO*, NO', Ny, HCOMD Bt (2 %73 2 Bfig 13t A T Z 72>
Pz, ARETIHICH% L7/ v — UL A iR E 5 /L MAESTRO (Sakata et al.,
2024)% FIV T, KA K OSAEK RIS B 5 B 4 OFGBRZ RFET 5.
KEFEIIFFCBRFA A 2T TRIRBRLER 2 GToA 4 OBRBRICOWVWTE
A BGET D

FTE FiE (Computational Aspects):

AFETIL 7 v — VL AE 5 0 MAESTRO (Sakata et al., 2024) % fv /=%

By Ialb—a N ESWTHREERIT 72, ZOFETIVIA AU L kD
X EE R L X — AR L OIS oFE SRR A ERE (E 100 km)
D HIERRE (BUR D 40 [EFEE) £ TOMREWER CHFEAICHELS Z LR AIRET
5, EEOFREIZEWTIEL, MPI &EHRERSENC XL - T 480 272 L 505G
P RN MESEMRIRRE I 9 D £ TfTo 72, F£ 7= Sakata et al. (2024) 23\ TR
L7544 F (HY, 0%, 0., COx', KGR HY I[ZINA T, RFE - EBREFA 4
(C*, N*, CO*, NO', Ny, HCONZ M X 724 11 A A NG 5 b FRRUs % B L O
(CTRASIEY e S (<SR D
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WHEMR (Accomplishments) :

AAEEL, 7 v — L& MHD &5 /L MAESTRO D 3235 LUK A IZE
T B [EA R DR B A G U T2 B C (Sakata et al. 2024) % HAR L721E 5, 61T
ET /N TH5H BATS-R-US L DT A 21T o 72, BIEAEZBE LIZFE—DH
PERA « KGRSO & TENENELAMT MHD ¥ 2 L—3 3 V&2 T o TR,
N gy i EOT T X< EROMESBAE %I@aﬁ7m774w@ﬁ%7
NTEL—F LT, = CTRMEMBESCESOT U 7 0 —OREICITEWV D LB I,
BNBRUS@E%WMikﬁwOfﬁ@¢%$bto_ﬂ%@%ﬁi\ﬁUyF%
ﬁ%%“%@*tlﬁéﬁﬁ%ﬁ@ﬁwﬁ@ﬁﬁﬁﬁﬁﬁ%@4ﬁyﬁ4%iﬁx

ICHBLE B2 T2 LI Lo TELTEEHER L TS, DL EDIIMEEDREFRIZ DN T
VL E R %ﬁi(&naﬂ2m@kLTMWLto

FLERFBLBLOER LA A U FEOBSIEREOMEEE LT, BIEARIZEBIT 5K
BRI K ORI 248 L2 11 A AV FEEIRRY S 2 L —a U aiTR o T,
AFUTEEBNLEZ LTk D% b D76, igxig L LT Sakata et al.
(2024) LRI 5 A AL LKL I aLb—a v EMLE, A AL EEBEMLEC
LI X TR T g v 7 ROFFERKE R OALE 7L R I@ﬁmﬂﬂwﬁ%L
FEAEEWNTR LN o T, F T BMAEREE O EEIC OV TS, @ —2A

%Lfaiﬂfw554ﬁx@Gv0+m,mh,k%ﬂﬂﬂ«@%@imé@
oto*ﬁfﬁﬂ ERERE 123\ TR E 200km LA T T NO+° HCO*D & FEN Ogt &
[FFRRFEIC 72 572 £, MAVEN (2 X 2810 & AW eERN S Oz, BEEA 4 DK
RIIA A FBINC X DB T LA EZT o To—0 T, IREA A O HE
IR CrOBERMNIBIMENTZZ 12Xk > THI 3 1IN L7z, SefTifge i B L
TV TZEFRA T NTONT S, BIRENIRBA T OEFBRETH L Z & H
BN LTe, BITEKE TIIEFRIBORS Hill L TR0 A 4 Ut O FH5I1XR 65T
WA D, RV XUV BRSO KBG R & - TA A B S el L TV 2l B0 K RITE
WTIERREICEE R EE 52 TV RIS LD,

NRIKR  (Publications) -

(3R 30)

1. Sakata, R., Seki, K., Terada, N., Sakai, S., & Shinagawa, H. (2024). Effects of an Intrinsic
Magnetic Field on Ion Escape From Ancient Mars Based on MAESTRO Multifluid MHD
Simulations.  Journal of  Geophysical — Research:  Space  Physics, 129(5),
doi:10.1029/2023JA032320

2. Sun, W., Sakata, R., Ma, Y., Seki, K., Russell, C. T., Terada, N., Sakai, S., Shinagawa, H.,
Brain, D., & Toth, G. (2024). Comprehensive Comparison of Two Global Multi-Species
MHD Models of Mars. Earth and Space Science, 11(10). doi:10.1029/2024EA003698
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1. R. Sakata, W. Sun, Y. Ma, K. Seki, C. T. Russel, N. Terada, S. Sakai, H. Shinagawa,
Comparative study of two global multispecies MHD models of Mars, H AH1EREZE R} 5
HE 2024 FFRE, T, 2024 45/

2. WHEN, BER, SFHER, SWIEKY, &) Z, 11-species multifluid
simulation study of carbon and nitrogen ion escape at Mars, B¢ [ET LRI A 2025,
filis, 2025 4= 3 H
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1729450 A VERUMOERES VRAS—E— FEE
PMFHEEERDODTRA FHRIFSalb—arvEPICYSalb—
ay

Test Particle Simulation and PIC simulation on Wave-Particle Interactions of EMIC waves
and Obliquely Propagating Whistler-mode Waves

MRARE - # 18 R AAFETZERT)
BRSEE - K FE (R#|KRZE LFEBRZA)

HY  FEHBRROERIRE

HFR BB (Research Objective):

HIERO N E ClE, M=V — B OMESCHELE S| SE T =T IR~
WEHEL T, RAY AT —F =Rl EAF A 7abr (EMIC) #2035 B STV, FFiZ,
A VAT —F—REO—FTHLa—F AR, D RE LB T D ER M B4
THY, OB EEMLY, OB DRI MEESNDZ L TSR E 77
VI ADEINZFH 535,

TRE CA RSN BRI E AR Oa—F 2B, SR~ LRl e T, SN

B DO RBNC XD IERIE AR O B A Z T DL RIRFC, BIRT DS T bRlD ~E 28
b3%, ZNHO TRERGEL | BB FE T OIE AN =X DEFRHTT 572012, FHdAR
Wt 2a—F A AER LT AN 32— ar a2 AV, HEEFOIERIZILE S
SIS AFHAL B 7 OO B O R R WA T L 72,
F7-, BERETIX EMIC 36 2 <BIHISILTERY ., IS #AE 171X EMIC 3O AAER
([Cdo THELES L, HIER R A~EME T 95, ZOM TimfRIE, B E 7O R a7
KEplEE I3, KR CIE, 7V —BEEL W T, a—J 2 B L0 EMIC 312k
DI 7 Ty I AD LB EFH R LT,

— 7, T ITRZ BB W TR O A B D1 b /A XD LI ARA Y AT —F —R £ A
HHHZBAL T, 2 ORI OV T — BN ML STV, £ TA
WFFETIR, B OWE R TGIEICLDE B R A BB LI 77 L OFH R SRR 2 5L
B2 S fRRE A R O R R 2L — T al B AV, TR~ Be AD R A S R
PE% TE ERITREHT LT,
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FTEF % (Computational Aspects):
® I —TAJEL EMIC #IZ X5 =R/ F — A DO JIHESLHEIC DN T:

TAMLA L2l —rarE VW TEFOIEZBHIL | £ O8E RIZHESWTHAAFEH %
DEF A DOEAERSTBUES ) — B EAERR LT, A O T, Bl — 4
\ZHEASWTHBNIET VAR EL, Hiioll 4 O — VBT — 22 Ek LTz, 1 DD
U—BAEDAERRIZIZ 3,600 B OB A AL, BIWENET LT LIZEFE 53,400 EHD2Y
—UBEE AR LT, 2D 7 )= BE Oy M, AL —728 10 keV 205 6
MeV, #IHIFREE YT AN 1 EDD 89 EETOE TN E TN TD, IHIZ, MLT K7D
WENVRHEA B B LT — T ARSI LD R R O 75040 B D FH R LB A A T8 7y &
1To72 WDET LA, OpenMP % IV T AKDK @ System B 38X T¢ System C
\ZTC 64 a7 TERITLIZ, TAMRL 7332l —aid, MPI & OpenMP D/ A7V R
T System A (2T E 1080 THATLIZ, £io, BAIALFE T IE MPL 2T
System A (ZT=7 4 600 TIHITLI,

® LXK DOWENLRIZOWVT:

Particle-in-Cell YR D& 1| IRLFH T TAKLA T I=ab—4 KEMPOIL Z MW CTHET

541577 22l —1a Tld, coldelectron % 16,777,216 . hotelectron % 33,554,432

EEX E L. hot electron DR B J7 M0 Fulshdss D AR E A MG O E I 5 2 D2
A LT, SHRICIIREOR F 2 W72 MPL Z W85 H % AKDK @

System A Tz,

(1 He, J., Xia, Z., & Chen, L. (2023). Statistical properties of lower band rising tone chorus waves. Journal
of Geophysical Research: Space Physics, 128, €2023JA031528. https://doi.org/10.1029/2023JA031528

MEAER (Accomplishments) :

WEARBE £ COMFE TIXT Y — B DB A BFE 53 & W CE Az 57290
H—0DWET VO BDFREDIV TN, REFEOWFFETIE, MLT 434l L%Ob\’CP’ﬂ*fﬁEﬁé‘?\
ENOBEE DI —F AT VEMBIAD DT 0T 2E B LT, S RKOFBREIL, MLT
@ﬁfxéﬁﬁfﬁf:—3%%&@@%%@%75%@:@5:&@&;60 ek, H—0WET VAR

Gre R A — VO BALIT S — 7 b e T DI B O R ef Ch D | BB 1041 O REf 7%
JBIXZ ORI B OB EL L TR STV, L, B 0T 7 L IR B o
RFH 222 IE T DN H D, FTLWERIALFES 7 077 LT, FFE DO BN OHiFH <
MLEZPIE TELHTENT T, FAUTBS UK A — L O IES FIRE T D, #IHRII70kE
REL T, BApD BRI EIRS LR EZE LT 4 RO — Bty MgllT
—HZHADNTHESTZ (Fig.l 1 1 DOa—FRAWEET /L ThD), I, F/ed MLT fHiK
IZ 2 DOa—JFRAWET NVEEHAL, BRIARTEDEFAITTHILT, EFHAORME
e R, TORR., 2—JAWE M E/ER T 2E M OLIVB IR 2L —
TarNARE ThAZED IRENT,
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AT PIC 322l —1a il o0, s O ARl LA —/ S —h 73R
W DI E G 2 DR B AR L . {B‘Z@?&rllmﬁkﬁ%ﬁzﬂtﬁ“éﬁiajﬁm%’jﬁ%
FAETHZEEMRB LI, — 07 B RSmnN ) —7285 6 Db /ISR ZEL LN
72 (Fig.2) , EHIZ, ¥ 728 Sl 2B T D A S O IEMIE R BS54 Y T ?z?%
T C&o“(ﬁﬁkﬁﬁjﬂfﬂ@?&‘%W%W{Kéﬁ%);&T“f@]ﬂﬁ@mﬁ?ﬁﬁﬁ%ﬁﬂﬁb ik
JEE LT S L ONEE S IS BT A BRI R B R R IR R R R A E LT, £

DFER. e h ) @mr&!—;jﬁ‘r&@%/z}f& INSWRIMBL NSNS EN
IRSIVIZDY, EDIRMEIXFERRIE AR N LD LRSI,
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AFRKH (Publications) :
(OEE)

1.

Hsieh, Y.-K., & Omura, Y., Variations of energetic electrons via nonlinear interactions with
lower-band chorus emissions around the Earth’s outer radiation belt, Japan Geoscience
Union (JpGU) Meeting 2024, Chiba, Japan, May 2024.

Hsieh, Y.-K., Omura, Y., Acceleration and Loss Processes of Radiation Belt Electrons Via
Nonlinear Interactions with Whistler-mode Chorus Emissions, Asia Oceania Geosciences
Society (AOGS) 21st Annual Meeting, Pyeongchang, Korea, Jun 2024.

Hsieh, Y.-K., Omura, Y., & Katoh, Y., Green’s function method on dynamics of radiation
belt electrons via nonlinear interactions with chorus emissions and EMIC waves. COSPAR
2024, Busan, Korea, Jul 2024.

B 19L, KA #|JR, Energetic electron dynamics caused by whistler-mode chorus
emissions in the Earth’s inner magnetosphere, &5 156 [FIHIER EE LA - HIER 2R BB 22
7)1, 2024 4 11 A

B R, KA #iA, #f 159L, Parametric dependence of nonlinear wave growth of
whistler-mode hiss emissions, &5 156 [BIH1ERERLK - HIERBCR BB 22>, 7)1, 2024 4F
11 H
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FHISAIPFOEIRILX—HEBAFDHKBIE

Loss processes of energetic charged particles in space plasma

MRARE - HET #WE CGRALERREHFRFR T —F A = ZFEH)
BERSEE - gk A (RAARFRFIREBZHER MBI IEFELR)

BY o2 alb—Ya VAR NTA-EHT—ARA

HZE B/ (Research Objective):

FH T T AR DB & PRI OB ORRIT, REMKED S A S
R AREFETH ETEETHD L L DL, TOBEMIZBWTEHEMEIER O R %
BIER &V, ARBFAEIE T, v E TLERAE 255 L L CPBRT & O I
A % 3 U T R KB F 1R 5 BB A SRS BRI £ il L C & 7o, TRREAUBN,
= = RAOBBRE R 5= v 7 7 FAMGRBIROAKS T () 757 7 X~
L0 LEBEICOHLTWATD, 7T AvDWEEN K THEMNSE &5
5 ZEHTE D, AFFETIE, PRI & OWZET v 2B L CEREANIE L A
PRENTWARVETICERT S, —RICETF- PR FREE, BEFoT 3 LE
—IZH LT, XM 22 7 m ' ANED % (1keV LU T CIEoEmE 22, 1keV BL ETIX
A T AU ) . ALl 2 OffZ2E 7 a - A &YV 450 TRREE T 5 O DN EE EER D
BTl . ZAE CIOE T hER A E VR O & RIBER D= DF— 4 & LT,
T (500eV-50keV) D BRMEMILHGELIC A H L7 BUEEBR 21T > T& 72 (lkeV BT &K
571 DEMEE 22 O E SpFM B U Tl Tadokoro and Katoh [2014] #%HR), A 41k
FOSMZEI U CiE, 2 E CICEZEMEETT VOBEL{T> CE -, KMEZINO %
BE 2T,

1) BEEEZEEGELIC L > T v FABEL I L% FEF (500eV-50keV) & D E &2

2) VIRAF- DTV — e B LA A AR E 7 L
Zll=Ei=c i

#HEF % (Computational Aspects):

TEBEKEIZBW TR bR FREBE CTHO LT 7T RAFEEOR T
FUTIR S 7222 1 ot & 3R E L TRRET 5, BT Wbz HWe 1 koeT
A MBIV 2 — 3 &7 9 [ Tadokoro and Katoh, 2014, JGR], FExXtimzhi:%
GO EELENIL, LTk rick s,

L%(mgyﬁ) = q(E + B x B) (1)

FREL, BEEE 0 UEL TV A, BB YA R B & E LT\ 5, BER
Sk LT, BERBE 10 EUND Y R 2 L—3 g VZETE 2 5, SHERRIL, 3t
EEEUE LB T 7 T v 7 AF a— T BT 5 K AR O 8 R % 8
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W5 6.455B80)MELTWD, EMEIE y FASMIE, By FALHE)Z M
TD1D, FEHNAMERET 5. aHHERLFH0T 500,000 &2, MRS & OEZE
WRRIIE MR E LT, LTOLIICRTZENTE D,

P = 0oy vAL (2)
ik 53 %’% (AL UCHEE) Th D, [ FEEMERITH 0 | HbEEZE,
A A A E % \CABIX L 72 B [ Itikawa and Mason, 2005], B[ AT /7|Xﬂ T 15
@ﬁﬁ%@Yﬁ’ioT%ﬁTé E22 L AUXIR DA T v FITitED 5, 1H2E
WIRAET D56 WIEEROGE LY v FABELNIEAT 2 032 ORFOBEL A 13T 5
it (IS EELEERE) 2 S Icer T hAuiER VTR . 4 A ALRISICEI LT

WX, BOGH% 1 IRE 13, A A b= Rr X —(12.6eV) & 2IREFDTRLFXF—5DxT
FINF—FHEKTH, 2 REFOAERT R/LF —X Singly Differential Cross
Section(SDCS)@?@%ﬁJ WD [ [tikawa and Mason, 2005], HAEFE TA 4 L AbfEE

IZ X HWrmAEE T VI, 2 IRE T OAER= RV X — @ EmiE) 2 1 K& %@iXW
X0 lkeV THDL EUEL THE LTS, EBIIE RN AT LI 1IKRE
TRAF—THEEZZIT TN T2, Zb 1 IREFTR/LF— %ﬁ%btz&
HERTANF—=DFTIALPLE L 122, BURZ OFT MEIZET 25 217> TW
5o £lo. AT MERISICEB T HEFBELIIRFEETH 5,

HREER (Accomplishments) :

AAEILL RO 2 sUZB L THED To 7,

1) PR ZEEELIC K - TV FAEEL S 72 T 51 (500eV-50keV) & & BTl

Z3LE TIZ KDK %ﬁﬁb\f 500eV-50keV DB FE T & K57 1M OB PEE 22 238 L
7By FABELIC L D2EFHAE(BRREICBWTHIE SN TWAE e Aa—
VWK%%?%%%W&W&ﬁﬁT%KO%%ﬁ%éi%%iXW# NI
IZONTHESL RBMHEERZ D> TS, ZHHEFEEREHAND Z EIZL-TH
— R TFNHRED B 21T o7& 25, 500eV-50keV FEFIZIBWT 2. 6[R] &\ H A
— O T RENBE L TERMICAB LD ZENTE R, LLARRL, RSN EFD
TFAF—FPICB N T, KA~DTRLX—HARNEFT R — L TN
BT B EVIEMIZIE-> TS, TRLF—MAEDE =RV F—E— T HEZHL
MICT B 72D, 100keV B F CTHAFIPHZIER L THhizE ZAI HIZZRALF—Ii
ABNEMT2Z 0L, SRODOFRKNERE LI-E Z A, BELrmfg (B
EIRIR I DEL S D A EITKAT) DET WVITEENLETH S AlREMEN A Uz,
IKGS A DFEEPEREZE 1L, 1keV B OERMEN = R/LX — LR TH 5 (Katase et al.,
1986), D7, ZILE TIZ lkeV B LA L OB ZEEELIX 1keV &1 DOFR5 HUEL
WriEfg s = O EFEHNTE T, LNLERRL, 1= Rf/LX =033 5 &N
B (BIAEEL) OBIANEBICREL BRDENTREND (DFEV, BHZRLT—
B ORKMAED BFES D PRI/ > TWERTEEEERH D), 4%, L&
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TR F— (keV) T E T OO HELWHEHBEOBFET MEEMEt L, TNHZ2EEL T
BHEEZTHILERND D,

2) 1 REF DT RNFX—2BE LA A ACERBTHET 7V RE

Bk, FEMERTHEA L TWA AL T AERISIC L > TAERT % 2 KETFDT X
F =13 1keV D 1 REA DRy WrikiFE D FEERME (Ttikawa and Mason, 2005) Z VT
WD, EBICIE L RE T O R F — 3 A ARSI AT B RIS LT 7
DINHEZRE LMo WEEE A2 0ERNSHDH, TNETICT V7Y affiilz
FAWT 10 IROIEFE THEF L2720, BESAE L TLEVRS ML TIRN s
NhnoT-, SEEIZIA T T A EAN LTS L EER LT, 4O MEE
FTITEE S TV, ZO72Dfkl L TS MEOREELTT > T <,

AR (Publications) *
(8 32)

1. Role of the mirror force on the collision rate due to relativistic electron precipitation, Katoh, Y., P. S.

Rosendahl, Y. Ogawa, Y. Hiraki, and H. Tadokoro H, EGU general Assembly 2024, 2024

(FRHER)

1. Tadokoro, H., and Y. Katoh, Elastic scattering of keV electrons by water molecules around
Enceladus: A test particle simulation, 55 156 [BEIMIERERES, « HIERE R B2, HAUAD
71T, 2024 45 11 A

2. Tadokoro, H., and Y. Katoh, Test particle simulation of keV electron elastic collisions with

water molecules around Enceladus: reconsideration of elastic collision model, 5 25 [A]2%

BRI S, 2025 423 H.
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BEEFREBIRAE S 1 L—Y 3 VICKSREARE R
bk )

Elucidation of dayside field-aligned current systems using high spatial resolution
magnetohydrodynamic simulation

BIRARE - BOEN (AMKFEXFR BPEHRE HRBRERFHM)

MRSBE . ERE GRUEKRE VATLEHRR)

B BISAEBT T 0T 5 L0ORE

FREE (REZIEMER FERAHERER)
HY AR TO0T S LORME - BIE

HAEE (AMKE BRFEREREMELV S )
Y U3al—Yarva—FoRY - BIE

BLFHRE (WMKRFRFR BEFRF MKXRERFER)
Y 022 L—2 3 DFET - "R - B

EAEEEX (MKRFRFR BFRF MKXREMNFER)
B V32 L—2 3 0 0FET - AIR1E - B

WZE B B (Research Objective):

T BIERE = B O IE AT I, AR ) 22 [ kY7 (interplanetary magnetic field, IMF) D&}
A 1853 (By) \ARAF LT IR BT TRRE TR S BN A Z ER LTV T, N AT R IC I D E
DL DS 1970 FEARZF0 05, WATL T, Inlk I#RETR LRIRH B S D% TR 1
RN EZ%IT“O)V—X@EW@Iﬁﬁ?fﬁ?ﬁ%@)ﬂf%fzo T2 LB PRI DHEE SHLDRER
.wﬁfﬁi IR > TERESI TV D EREL TWD, IEFTEEIZI8 1T DRk B fE I
D /'\fwm%anm%fé.\joﬁtj:%‘éﬂﬂtcﬁﬂ% T 1990 R HPEHETICHESLL T (Fig.
1, IEtF@Eﬁ FERE T3 UL VRSB I A7 S e S 4L, £ O i AN R s~ > Py
IR END, 22/ F —120F, = MY OB T A2 TINT IME By (KRTEMEDNHD | Fig.1
DI IMF By LR AL CRAY DR L T2\ — 2705, ET-IpE /IR E I, IMF By <0
e ALEERCIIEREE ~ o MUV IC ANV ERERE 7 27 b D E i 3 @il <4 (Fig. 1a) |
— 7 PR CIR AR 0 27D | R~ bL b DR MBS D (Fig. 1b),
IMF By> 0 O 51201%. ElROEFRDmE 0 5T 5,

DI EEEE OB GERITEIZHESLL TODE DD | i 9™ S BB O 1 X<
G373 TR I TR BB DA B DR B I I X SRR S 2L — Y a Ik D E &
BIET VT NRA R THDHD, Fig. | OLH72/_37—  PHBINIZEWNI R EITZNET
720, AFFEARERE B, B A 3B ¥ S 4172 Reproduce Plasma Universe (REPPU) = —
ROV~ 6 (BRI IEZRT) Z O THBREZRA TEXTENH 072 SFH T
W ZOHBOOEDEL T, EHERE DO ZERMRGEER R VRN e DD, BlISNDINE

FIRRBITROREENRIIR 1°THLHN, L-UL 6 OZEMfREEIT 1.2°TH D, 2T REPPU
a—RDL~YL 7(ZZEREE 0.6°) 2 W CTHRZR 2D, FERARDI TR, S5ICf#E
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Pre e e TH S H DML E N DY P 2 <5,

(a) (b)
Bv <0 North 12 Bv<0 South 12
By >0 South By >0 North

= §0°- 65°

18- |4, outer +
R2 A1 PS Pole ps R1 R2

T4 current into ionosphere
urrent away from ionosphere

Figure | IMF By 2K 1732 B BTN RE 1% & 7 0D <% —. (Watanabe et al., 1996).

Fr®EF % (Computational Aspects):

REPPU =—RDL~L 7 ZHWT, LU NI 5K EE IMF /NTA—40 F CTHE
H A B 2 Eo7=, IMF (% By=0. By=-5.2nT. Bz=-3.0nT (Ff&t 6=—-120°) I&EL .
KEGEUTIHE V = 372km/s, 2 E N = S#/cc, IRE T = 200,000K (ZFRELT=, ZOF%E
%, AN ~L 6 & W THEE T BB ZAE T2 BRI W O LRI Th D, kD7
DIZR T RTA=2 %N, | DORRIE 2SI R TR 4 R ofkpeEH R (k
1% IMF THIHNREEZ S0 2 B, IMFAFTLE DL DICZE 2 THEE F IR E 2155
DIT 2 EfE]) ZATHOME N DD, 2024 FFFEORERTIX, 1 BlDOTa7% 6720 27 (FekR
60, 1 7o ERYT-DOaTH 112) T 22 FEfi] (0.917 H) EHELE 10-14 43 O R
A ZivE 20 [B] (20 [EDOT a7 A 17528 T BERER] 240 47 (4 RERE) (B2 L7, 5
FEEL T, 6720 27 X0.917 H X20 = £ 123,000 27 H 722 L1705, FEEHE R
13549 20 HE Q20 [ElD>a7 &N) THLHDS, FFHRFHEFEEZZDLHE, 2 s ARRED -7,

HEAER (Accomplishments) :

AR E DL~V T ZWHOIIHIDTT, BOINTEITHREE e o7-2 b dY | 4R
FERNATEDFHFAE R FONTRILTH D, 27 | R IIHIHAMATHRE R F
Do LT b TIZ KD ZE R 0 fRRER R ORE R | JERDL VL 6 O LR L7273
SRR D, Figure 2 1XALEEROEBEEREIR T L% /L A RL TS (5KV BOEmERE., B
[ZIRDIH30KV, FEkD 0kV, FH3-30kV) , Figure 2a 731 6 OFE R Figure 2b 23L-~L 7
DFERTHDH, KM, LIL 6 TIXADINT 7 RN RSN TN, — 7B M
NZITRERZT RO T | MRS W B AL (cross polar cap potential) HIFIEX[FIL TH D,
Figure 3 |3 Figure 2 (Zxfi 3 DI04 IR Bt a2 R LTV 5 (0.08pA/m? D& L, Al
IRDMH0.1pA/m?, $5208 OpA/m?, F H3—-0.1nA/m?) , Figure 3a 23L~UL 6 OFE R Figure 3b 2%
LUL T OFfERTH%, IMF By (RIFHEDZE [ /32— LU T Figure la (kS %, L
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L6 ELAYL T DRELZEND DI, L-Ub T TILERORINK 2 fF1272 o TQNDHE
D5, ZOBEH LI 30> Ty, S51Z, Figure 3b % Figure la &I 5&, A4
FLEEO B B TH T B RMATA L BB R OB, BRI L L LS D2 g £ ¢
FREIL TWD, FEIZHEH &3, BERHLGTRE 10 REHEICW T AR 4 8Os
P ED oA, 8L (Ohtani et al., 1995) &—33 %, ZDO XM G/ m— Ly
Qb —ar THBENZOEIYD TEEDbND, D7 tb IERRHE LT E TR,

(a) Level 6 (b) Level 7

0

Figure 2 AL¥EREREEICIB T DEILRT v v, BT —A— L idkk
230, TR0k, F 75>—30kv IR ELTH D, Stk 5kV g,

0

(a) Level 6 (b) Level 7

Figure 3 AL PERICISITDINBEIRRE G, 77— A7 —/VIEHEDS 0, 2R3
+0.1pA/M?, HF3-0.1pA/m? IZREL CTH D, ZmiiE 0.08puA/m? ik,
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4 JEIIET IR BB A & O PR B D)
I3, BB MR O W BRAS A g B L 1 155
ZINE D, 4 JEREIE I LR O IR
X, Wbhbwht~v— T m—7 %
Ju ARV E WA R 72 O T
&7~ (Ohtani et al., 1995), =Dt
Tanaka (1999) DI Izl —Taa iz
L7 #7272 FR DS Watanabe & Sofko
(2009) I Xh#RRE STz (Fig. 4), 7272
L. IMF 2MEMEDSE THD, BIH
AR C BN T B ) R 03 6 SRl AT T L2 5
SEN ZOFETITRTICEIIN
9", Dungey VA7 HESND, &
BIEFE I3 Fig. 4 0O IO\ BRRE )# fE ik
73 BAE ) AREEI VVA T, TR
HOR BT B T8 & PARE 18 0D 22 #A
WVax s ay THRIESND, BT
BARE I RRIFE T O Dungey A2/

12 Primary Exchange
| Cell (M)

18—

Secondary |
Exchange Cell (My) 0

Figure 4 IMF By <0 O 4L EERIZHLN 2 %t
t /L5 /L (Watanabe & Sofko, 2009), =
WKL X line D, BV OFEEH AR
7 L (lobecell) . Mp (Dungey merging cell)
Mpu (hybrid merging cell) TZF L TV %,

FAIAFIL, fEREUTEBEE 121X 2 DDA ML (Fig. 4 @ primary exchange cell &
secondary exchange cell) NEiiL5, 55 1 A2t /L 3 PHREIRICfa AL TWOERD 2N 4 8 DR
W IR EIRNAE Y T 5, ZOBMEORGEN TELITh D,

AFRKH (Publications) :
(OEE)

1. Watanabe, M., D. Cai, P. Xiong, S. Fujita, and T. 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, PEM10-P19, T-3&,

2024 %5 H.

2. JEOIEFN, FEAA, e, BEEE, Hhe s, dbim & AR RS ISR 5 4
V=Y A T E Y A 7 VDAL, MERERS - MR R B 2024 FERKF

£ R006-P02, 7)1, 2024 45 11 AH.

3. Watanabe, M., D. Cai, P. Xiong, S. Fujita, and T. Tanaka, Origin of the nightside ionospheric

convection for interplanetary magnetic field conditions of Bz > |By| > 0: An extremely

modified Dungey cycle concurrent with the interchange cycle, The 15th Symposium on
Polar Science, OSp18, 37)1], 2024 412 H.
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S5RxTKY 7 MEERMS O— /N ILBESBERERETILO
EHEZIaAlL—ay

Long-term numerical simulation of the ring current with a 5-dimensional drift kinetic model

MRARE : LK Msh (BHEBEXFFHIMKIREHZEMR)
MRSEE B ERT (RRRFEFRHER)
HY . MR O R
Wi %8 (B HEXFFHIMKIRERINAT)

B MR O R

MR BB (Research Objective):

ATl MEROEL B 25 S, MR DB EERBRNH D HER R K & OB
BIIC DWW, 5 oL 7 TV 7 i~ A0 =)V FREAE B RS 2L T, 6 I
W LL DB A A DR FE i & A Ao & D I R A8 B VE ] CRhik 3 5 A A E i
(ULF) i Eh =R L . BRI EI O AN =X LE LT 582 HEL TS,
CIVETHGREBR O ED, HERRESE A4 03 hie 95 ULF ##Ehid, g4
DAL E RN ARZE [ 5 B DL 53 A1 L2 3 A R > TH = L F — 245 TND T EMN
T TVBHN, EDIH il Fe a3 TR NIC AR TE R 0 A DI E DM DN T
BB I2 o TR, REEER DA DT T VA OfFADEASWEIR LT, B
OB B TIX T 20— VI A A DAL FHZE R E DO RFZE R IR 2 R D DT ENFEL
BRNZEIT N5, ZD7=, ULF BN > VA M 35701213, 7 a—/ N L7el)
S OBBI AT RER BB T2 —al BBV ANDZENE 2 655, L)1 (2022)
DEAET 2L —a Tk, BRERER &2V ANT AT XEfEZ 5T 5 RoTRY 7R
EENFR Y B — VBB BR BT T LA WL M ESHC L o> TR LR E RO
YE% Region 2 1 s ST BRI DS . it FE 5 &t [ X OB K 52 OB
L7, ZOMEREL ORI LD ES DRI ZEALIZ K - T, A4 AL FE 22 M5 B DAL E
7o HIER T T D ABL AT RS D T ENFRB I TCND, ZD XN, 5IRIERY 7 MER) R 7
2— VSR BB BT T VA W TAA 128D ULF B ORhiE s V425352
EINAIRETCTHDZENRENTZ, LILRNS, ZOFT L E W TERICHE S TS
% ULF HEIORE S VA Z G T, SERDMBFEZ M ELL TWD, £ Z TR
Z2CIE, 2013 410 A 29 HIZ RBSP 2N BIHIL 7= A2 O AN LRFHZEE 5 ULF
W ENCH H L7z, RBSP f#15 T ULF B BIHIS N2 DI 7 A — LB D 4-5
% (13:15UT ZA) DHESRETH 72720 ZORERIA 7 — /L O H 2 CEREE R OE
T PR BIAMABE R DA AL 7T I AR E DB R RN T — Z DR EL
ULF BN D2 HI T 5L 010, TR FIAEMAT L2 L LT,
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FTEF % (Computational Aspects):

AWFFETIEL, REH (2011) 23PHFE LT 5 Roe 7 7V 7 SR~/ A0 2V HIRAA A
R (RS 0 — VB BT E T L CHhD GEMSIS-RC £ /LE, 2R ST fE T Ll <
NI EBERE COBEREE R T vy VEfRSR T 2V L 73 —GEMSIS-POT (HH At
2012) Al A o IC B AR S AT 7 0 (1)1, 2022) Z W BRERY 2L —g
VEATHT, ZHUE MPL W CIESIHE L7222 — v aa—RIZRo>TEY, v 3alb—
TarZEME L UHMEEL AR —VEIE R T 48x32x1024 grid D3R ITZEM % EL->TW\D,
L-shell L LCiX L = 3.6-6.6 OFEBICS 2L — 2 al 22N AN > TD, BT CT 15
DO F-BLEIT R L C2URAG B DO R A7y CREM 257 . ARKEFED Runge-Kutta (2D FRH]
S E1TH. BT O RIFES T Buler 1EI2E> TYThib, BERSAEL Tk, BEEER T
VI N N =D N )T DR BB ST O IR R B & | e 0 S BR
FUNZB T DIEASIT oA A DAL FHZE R B DO E A e G- 2 DB DH, 22T, £
B AR 5 FE T 2 TRERL S LD Tridium 7 2 BE DRSS BLHI D HED radial EILE £ 4
QIRTEH T AR CT 4T 4 T U BT 4T 4 715 SOIZRER H Ao A
RE%dH D\ tanh BIECCTT 4o T 40 7 Uiz, ZHUSED, IBHNCIGBIZE b+ DRI H BT
BREERSDHIENTE, ZOERBEL IRI2007 £5 /L (Bilitza & Reinisch, 2008) 7255 H
Limar B i 2 AW TCEBBRT oy VEB L, - AMIBE R BIT A4
NI Z2 8188 B O FE 45 A & LTl 5D LANL fi & CBUHIS NI A A DR FE 5 A%z~
AT AT T HZETEHELNDE MLT TD « /XTA—ZEEBRTT 40T 47 L, 19.5 MLT
735 4.0 MLT £ CTOAMABERUC [E B oL U CZE ML DA 4 O ZE B8R B D % 7%
F7=, 77 A< B DET )L ELTIL, Carpenter et al. (1992)D#%ER~Z X~ [T L D[ E
ENEZEEAL TS, KDK-V AT A A T1HBFEA2EITLZERIC, &7 a2 8o
THIZH LU THATEDL Y2 —a FE OHEE (43 B) 1L FTOKOEY ThD, 7'a
T ABEERCL TV E R A IBEBNDY 2L — 2 a B O BN FE 18 127> Tl
(Fig.1),
mig/day (N1,N2,N3)=(48,32,1 og4)

8 — . 7.37
6— . 9.09 10.60
4— . 7.37 9.39 10.03 12.05 —

Core [#]
I
|

0 1000 2000 3000
Process [#]

Fig.] FHEREH1 H B0 L TELNDLI 2L —arT —ZOREH (HEEE[5])
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HRBE (Accomplishments):

FROBETYIab—vara2froizd 2 A, 2 EHO ULF HOREINE LN
Tco FT—2HIF10:40 UT Z A0 Bk L THMAID b R FATTIZT TH LD
W ke 7 M ORGSR EN 23 5l U 7= AR O IREN T 5, TIZ 2.9-3.1 MLT O7RiE
T DN WSGIEAGR 5y DT & 7T X< 1, B Mgl oy DJER A~ MV EIR
T, ZORBNIIEE ST MO T A< E L KFEETHIRE) L TH Y | slow mode 727 FH

GEMSIS-RC, Equator (L = 5. 5)
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Fig.2 2.9, 3.0, 3.1 MLT (Z331F 575 slédys )7 0] ORESHIREN A 5y SB LB 77 X~ [ R H)
K4y 8P1(3.5-15 mHz D /N R/NAT ()L —) LA Sy 5 7 O JE B B A~ 7 v

BfgL 72> Tn5, £/, MLT Z & OIREYOAAFEZ HLER L CTH S & 0 MLT (Zar\
FEMHENENTND Z R0 (Fig.2 HOHER A SR) | FEm X2k 25 8
THDZ LNy oT=, BiED 10:40-11:00 UT ORI (interval A) CTIX G
~-21, %4 11:10-11:30 UT TiE m ~-26 DKENTH D Z LNy oT=, BiED
/ﬁ WZxF L OB AR EAER 2B 2 CAD L, FU 7 MR (0=mod, o [XREIOF
RENVEL, wd I THRFD RY 7 MNEERE) OFRMFELTTZTDIE 475 keV D71 - Th
B2 ENGIND, TREEICEITDIEENO R A EI A BB CADE, B i fEk E
RS IS B I3 ST IICRYZ R TV ZEN D o7z, 15 Belis )7 M O <0
— AT NV E O JRIETH TO 2 RT3 A % Fig.3 129, FEAGEIR O RY 7 MNE #1AH<
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11:10 UT

GEMSIS-RC (Equator)

2013-10-258/11:10:00 UT (T = 6300 s)
T T
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i iy T
Loty
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Parallel B Power [n'T/Hz]

Y[R

GEMSIS-RC (Equator)

2013-10-29/11:20:00 UT (T = 6900 s)
T T

%
Parallel B Power [1T'/Hz]

YR

GEMSIS-RC (Equator)

2013-10-28/11:30:00 UT (T = 7500 s)
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., iyt
SLERE
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10"

10°

Fig.3 11:10, 11:20, 11:30 UT \Z31F 28 5uldedls i M ORE5 00 /30 — AT V3 FE D 7RE
M0, ~ B Z D"l M i 5y OIREN RSO AN DS DAL E 2 7R,

AL > THDE, BrHE 2.5 FEFNIZE 72D 50 keV FRED T b ORYZNE L —H7
Do ZNHDTEND, 50 keV FEEDT BRAZLDR) 7 MR CREEI 3 FHEL TWHEE X
bND, 1272l EDQ IO DE—F L TWHLDNISHRDMEN L ETH D,
#% - OWFE A (interval B) Tid, JEWELARZ MUIZ~10mHz O &R DS bis, =
FUIREEIRE COBM THHILD drift mirror mode (ZHRFEAI72 & 2D doubling LFAE{EL
LT AT MLV THSH— 5T, drift mirror mode 23 3 HIEE I T T A~ B ILEL 722
¥ drift mirror mode &I ERAETTLED,

F72. 2O HOFMED ULF #EHE1E LT 12:30 UT Z A0S ER P AT CIafiE o @t
FF R DS IREN T DAL, AR MR BB AR B ERIZ M 22> T, 300 km/s F2E D
WA FE 2 > Tl L T, ZHuTa—hu7s Alfvén ELIEIE 50T,
ERCE AL Alfvén &7 > TR L TWDEE 2 HILD, ZOENR T 1A DR 4R B
TR EROETT NANLHEHEND Region 2 2 AD N SRR EROIEEN &6 G0 L L,
Region 2 {5 TIRRFEFE BRI T D0, HDOWITENV T M OBIGIEENZ L > TERE A
A NEELAZ ST Region 2 1R DR EE S IRENIL TWOD RTBEMED B D,

BATOL 2 —a i B THEHND ULF #O3kEhE, RBSP f# & CRLIHIS -8
IR CEE AR pE Ik HREN M o> TRY, BUAILIIBI O EE R TCWAHEE XL
o BB B2 DB RO DONT, BT VTHIA TN TR W EN R 7
A B DB G T DN DD,

NFAKR (Publications) :

(A FE)

1. K. Yamamoto, K. Seki, T. Yamakawa, T. Amano, A. Nakamizo, Y. Miyoshi, “A study of
drift kinetic simulation of ULF wave citation based on observational data of multi-point

spacecraft in the ionosphere and magnetosphere”, Japan Geoscience Union Meeting 2024,
Makuhari, May 26, 2024.
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BERERK TS5 X RADOF A DB EE R

Analysis of Potential Structure near Spacecraft in Electric Propulsion Plasmas

MRARE : Hh RE (RRXZPIAE - KERIPHER)

muranaka@sist.chukyo-u.ac.jp

MRFEE . kB K& (PRRFERFHREIFHAERD
t22320m@m.chukyo-u.ac.jp
L SRTHENA Ty FPICa— NIk HEEEER

B B (Research Objective):

AT VAT ABRR—IVAT AF 7p EOEKHEMENL, TERHERE & it LT 10 {52
JEDRENERE 2 AT D 720, IRTH AR D THEMERR ) O 78 F i 2 o0 WA -l
FRET, FORBITIERO—EEZM->TNSE. ZNH AT AZFIA FUFEETR
MO SALD D, AT AXOEFEFBRHZB N TE, A4 s eE—Ada
v EEWE T OBIEDN, FFEEERDIOCHEENS. ZDELE, AT RAH
MO FIIEEE T, B — A1 3 LIREHELER] & OB AHES TR B A M A A
> (CEX A Av) BNAERSH, B —b A4, CEX A A4y, EFRARRE 3T 5HE
B DRIET DT T AT IN—LBNEREIND. 7T X~ T ) —h L FEHEITER
B« BT LT, FHEEMZRTIE2BEZNWRH L. 200 EDIZ, TIv
— DA A DTSR R O - 285 2 & TRAET I REPEBRSNEIT L
N5, ZOWHA T DX —1X, FHKEN L TN — LB OB ZEFEY D=
INF—% LD, FEHEREMEIOA Ry X ) U TINEERET 2 EE R /RT A—H
ThDH. ARy XY TINEIL, ARA A= —DfEN 100 eV FEE F Tl
D CEEEE TR R EINBI & 72 D7, FHEREEEEFMEO - OI1I2IE, #uE L
BT OFHEINENMZ Cw 5 SATHT H20ERD S, AR TIE, BEFEIC
Ko T, TNBENNAEE DN & WA A4 =R =Dl 2D TN D, AT A
A DN EREEE TlE, JEECT 2 B ATHA A DAy AR DN B RE SR B 2 A E e
o9, £ T, AFEEE, BB LE 3R, 7Yy FPIC 22— RIZ, K2t T
NERE L, RRAF AT AL ORI I8 1T D B A A A o A R O FER AT
% Sk L7-.

#HEF & (Computational Aspects) :

5 3 kBN 7V v R PIC 22— R, RSN %G T iEml 4 x5 L
T 5720, aNRA MEELOT L U=T Y S a— RE LTSN, TOREARM
BRIZIROEY THDH. T—LFHOHRMERLT, ©—AA A, BRIHA 4 OiHEE)
TR & LTI, A A > OiEShT Particle-In-Cell (PIC){E % AW TEL . EI1XH —
REED 1JifA L L, Maxwell-Boltzmann 734 Z (& L7z, #EE5GITIEMRIE Poisson
XA TRO . KT T LV TIE, BFOAMITRITRA 4 BESARICK LT
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A DWEFEZE L CTHRIE S, BIRND O S 581 OE#h I > T 72
V. BRIARHRA A DAERUE, EDRFTI 7R AR Edn gy /dt 2 (D) TEI L, Zhic
e TRFTRNZ AR S 7=,

dncex _
& = OcExMaMpiVpi (1)

Z 2T, Ocgx Mo My Vpil &, EAVER, FEATAHMTHIFE, YRR BB E, B —LA1
FUBERE, ©—AAFHETHD.

NS DORAFREICBWT, WERTDOFTT LV TITERZE L L2, AT A X TEHER
TITRL - DEENER TERWGAND D, JMBAT ZAXE, BIRNA A RO
AZRRE SIVD DS, TV — LR OEMRMEA T DERELZRET DT ADH b,
BAAPGEE GIFRT 2 OO HBEITRIE mm A — % TH Y, ZOEHE~DILERK
IR R E 22 2 B ET D MENH 5. £ 2T, AR TITR 3512 DSMC 2 & 518
RETIEEAL, HEZEM T ORIk U C R R 2295 % F VN C 28 =R 2 5
L, FER - OEZREZET b LT,

W, RO ESLIEICONTIRRD, 22T, E25ET V08 AL D A
AH L DERRREACEHE T D20, AT A D EEZ x5 LU TR 2177272,
FHEZRE% Table 1 3L O8N Table2 (2. FHEMARIZSIRITIE A LA L, A HX
AF e — 2 A X i, ZAUZER T H0E Y iSO Z diheE R L. G 2]
DRESIE, AA P A5 FHRGEIRIZ 60 cm X 50 cm X 40 cm THY, 22 W& gL 2
cm OEENEFET-LULT-. AT AZOMERIL, X=0I12381F% YZ O Y=20 cm, Z=20 cm
ZAA PR O D ARLE L, B PRITIAT A EE L C Fig. 1 OJOICRELZ. &
DEE, AZAZBINEFROBERIZZENLIL 10 cm BELUN0.2 em L7z, #EEATT &
Il AT AT AT DIRELUTZ. AF AENSTIHESNDE — LA A DY St
IFRDOIDNTEFE LT, ZEEOAAIXERE 10 cm DA AR DT ICX > 0 (X < 1)&72
DIV AREE, ME DAL AEEZ VR oE SN e — ALy N BRBILT, &
DHRBANIC R AE S L OHERIMUTER L. B —AL NS, ST
WFFRICHE DX, (A B — D RIROFRE A 24 FERRELRDIODFELT-. £z, WE~Y
MY DRES v lZA T BT qiy BB mi, E—DIEENE Ve LT, v = (2q,V,/m)Y?
MOBEM LT, — 0, AR ANGIE, REBEOHEEA THL T AL S, 2
DEZOWMAGMIE, ZEMAITE NS —8k, AT E CER L. F,

Table 1 AT AZNTF XA —X% Table 2 F+H/NT A —%
AA i Xet FHR I, cm 60 x 50 x 40
AAPE SR ELE, em 10/0.2 e, om 3
AZAR/EFR HiE, scem 3.0/0.7 =1 RS T 30%x20%25
AF U PREREE, % 90 AR 1 D ERL T35 1.0 x 108
v — L, mA 170 RIS, 107 0.017/2.4/7.2
v — M EE, V 1500 B — 2 /CEX/H ks 1-
B — L3, deg 24
T 2R EE, K 500
AR, eV 3.0
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BT IRDOBIT A SV HERER T AT R TSN DH D EL T, A4 R R EFERIC
WSR2 B LTZ. Table 1 (IZBWTC, IR, B FIREAREENCB T DN E T
R O SERHE R LR LR D IOWE LT, SNBEEFUZ IR IT DEER 1L, BALITAE 0 &
L, B 3iEkRE L.

A
Y =

\Q%?‘E
J/\'\,/ﬁ@ssrg

A F EHO
®
Z
Fig. 1 FHARZEMICE T 5 AT 2 XK

HERBE (Accomplishments) :

Fig. 2 5 X O Fig. 312, FEHRE CHONTZ AT AKX T — MIZEIT 5 Einf 534 A
T BB FE A AR D 2255 A 29T, Fig. 2 (3l i 2 7 4 2%, Fig. 31
Z=4cm|ZBTFD¥RFMED AT A A% d . FRHPIZENT, @R 1M
OEZE72 L, (OIXEZEEZEN LR 2R T, Pk FRIOE O I K D EH AL
WA A DERFESAA LT 5 &, H2872 L OGS O R KM 4.3 x 102° m3/s, flf
HREANLTZBAEORKEIL 20x 1020 md/s & 720, HEZEA LSS OKRKE
ITEAZR L EIRLT, BLXF 12 E72o7=. Fig.3 D@ Eb) a5 L, RTLL
EEAE N LTG5 OBMAHA 4 OAERERN, BARLOGE L L TIRT L
TWD DS, AEREBIIER Lo R, AR/ LV B LR ok R a7z, K
(DG, ERREA A DEMEERET HEED S5, PR MOEEOF KT
BALT 2T PRI T B EE DA Th D120, H250H M CHMERL 1505 FE D 43 Af
MELLT=bDEEZLND. BRI L - E25E T L OBRERMGESE ) S, Hibkn
FRIOME R ZEN LT2GE, A MENOMEE AN E 27 LOSGE & i LT,
LR ZEHOZ L RHER LTS, ZOWESA DL, TPERFHURE O
KAEDIE T &, JEER DI RE2 725 U, B SHA A2 ORI [ OfHE
mMARONTZLDEEZLND.

L11%, THHEARET V2B L BT, AEEET L EEA LT L — AR
ATV, AT A EEL MR T 2 BRAHA 4 DR — A DR L,
FHED T 7 A~ T WO END, KERET NVEANDONREERGET HZ 2B 2T
W5,

XV
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(a) ()

Fig. 2 A AHaA A4 AR OB ME oA, (@ PEki oz L, () HEH Y.

-(a) - ()

Fig. 3 BMASHLA A L ARRO LR MG, (@R 0fEZe e L, (b) H%EH .
TR (Publications) -

(FH30)

LR, A A AT A 7@@%4% ﬂ%ﬁ%ﬁﬁﬁﬁmﬁ A0 7= 55 fi
,NM$F$R TR ?%I?ﬁ%ﬂf +3C, 202542 H.

(RR45—)

LAKR &8, R 225, BRHEE 7 L — AEATIC AT 72 Hybrid-PIC =1 — R OBH¥E
M%@m%wwﬁﬁﬂ‘ % 68 @?ﬁ?ﬂi&m@éuﬁﬁén ﬁﬁﬁﬁﬁ?w A=
vk —, R, 2024 411 H 5-8 H.
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KEEKBED 3 RITKEEHTE
BHHFSalL—3Y
Global 3D EM full particle simulation for Mercury Magnetosphere

MRRKRE  ERE (FEKEY R 7 ABFRLETVAFC SHEHD

dongscai@gmail.com

%% B B9 (Research Objective):

KEIIKBIE—FLVEEZEID . HEKBOFROYA X LRI HE b5
THIEK & [FER, XEEA OB EZR > CWAHKE, ZOHEOEREE, JHRI#LE R AN LE
REFDZ R I NS EBEBHINEIEAE TERNoT-ORKETHS. [BepiColombo (Rt 1o
YAR)) L, BAREL I —1a v X (European Space Agency (ESA) : BRINSF=HIH&EE) 23 1L [R] C R
HOKEHREI v a > Thoh, ALK 304 10 A 19 B (&) 22 W 45 43 28 b (BLHUERERT)
(10 H 20 B (4) 10 FF 45 43 28 B (A AREEHERF)) 1T, 77 AEX T T OXT FFEHE
2 —0bfH B, EBEKEREHE [N =2o 7] (BepiColombo) (%, ESA &
JAXA OILFEIT, BHIBEMICEDET 2 SO REIRERMKZ KZEJERHLEICE VAL TKEZB]
W3 HFHET, KEOBY « BB OB Z1T 5 KEMSERERE TAB) (o) &, K2
DT - NEBOBLA A 1T 9 K EREEER MP0) 7O S TW\W5, 2025 4E 12 HIZTE
IN D5 KEREF TORMATIEMNET (KRBT LDEIERT) #8818 km T D, BepiColombo i,
IKEDNELER & BEREEAN 3:2 B2 L a2RL, KEIZDHY DIEVA XV T OIAE
HHEY 2t o an VR (REIZER) ICKATIOLFIROT bz, EARE &M
BRE VI D0/ SRR A RO MIERRU BB I T HIER E KB DA TH Y . PIDOKEDTEE
L, [BEOKY - BKEOEEME SRR OMBICKRERREZ L7077 LT 5,
PIONOREBRTIZ, Z7a—"LiIalb—2a %179 ETCORKOREZ, RA RS
v, BiIb, F—ZA0H, qfbTHDH, T, EELD RV /NSNS I a2l — g
VEFIIVTEHELZITV, KHEY I a2l —3a VB ToBa0MmREE LD = &L NAED
BHNTHD, REEX, VaxrZya a0, B L~ 1ty FEEZHAWE
AL e 7T AOERREITV, BRE SR e O —OMEE & B2 R LT,

& F% (Computational Aspects) :

ARFZE CIE IR IR C52 B I aL— arya— REHWA, ZEMEE, IMF
Wl ORI L Z X 1 I LT, KEEFROERIG,. INF 852 6 > 72 KR Z L. GSM
JEAEF NI X A R — I 2 B &, MEROBKE ZEKT 5, BRSEERASM1X. Lindman ©
NSRS, B, — Rl 2 WS, ZorElTid, 4 5FLL ETART 5 ERIRITR
W&, 4 5ELTFOBMIE TG SN D, R L Cid, BEREEEN DR 12, — HHL
D&, . BEREEN S T 2 A2, Knudsen i & L THIEASNS, HIEASNS,
B HE1X Viasov FRERXZMVWTIRELTE LT, JU0 4L ThD, TDOd, ER
TOFEBELNAEL, ZOBIARARLZEIL LSS, Y2 al—varaEikd 5,
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Flo. AV ab—va T, KFOEGmINIRSEVITET MEd, E1&
AFoD 2 WERETAL LTSI 2l —arE21T9, BUEMEE <A, 7V > R4 X
EFRIRREDOT A Er2 52 DBGEE R I 250, AEEFERTIX, 7V v K414 X=0.
1~2Re THV | 2WWiEKET L E LT D, TDT-D, space charge effect, B —ILRZEEM.
KL D NLEEFESE DS BRI RTINS L& 2 5, EEEHIC L D7 — =0 T REEFEL
BRI AR,

z Northward
Dawn

B
Solar Wind 5
w— o
- Night . .
y (3%Re,27.4Re,27.4R¢d °

o o ““\\“ Time Step
55R N “ h \J,
-B=z
Dusk X 22 | Initial simulation results Southward

73Re
1: 22—y g OREL INF ORFEIZAL

MEHE (Accomplishments) :

MHD (2354 % 3 RTERESE bt —

(@) @

Type As
Z

o

Type A

1. (a) A/As BIES S IEESTRMETRIRD IS FIL R ; B/Bs B S ISR /MR RIKD R FEHY KL
m(b) AREBs HEBOROY LR AREBREEBABOERA (¢) &dtm (d) @ INFIZEITS

ROLBEMGHEKE RO D—(E, Lau & Finn [2] [S&>TRMTERTEIN; (e) B 2. PHRIEARL
AR TREATOET, () () @D TY Uk ROD—,

AL THEHENS Y I =2 b— 3 U3 & @ IMF (Bx=0. 0 nT, By=-4.3 nT, Bz=4.3 nT)
TRtEE AL, MM E (Bx=0.0 nT, By=-4.3 nT, Bz=-4.3 nT) ~EZ{bLEF, KEEDOEE,
HE, WEOANTYI2b—va v 2Rz@ LT BRIz THEY, ¥ Ialb—s
VRERD O ONICITTD AR RN EIR Y v R, #ERERE (Re) 0. 25 DIEFFT —Z (1T
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BV o7 o7 UE Lz, PRI ER O KRR FEAE % (GSM) 2 BRI L. X B3RS
ﬁﬁ\Y%m%ﬁﬁ\z%m%ﬁm%ﬁbi#o

2.1 EEIREBOIME IMFIZBITS 3KITT hRe o—

Wesh h AR b P —HEIC S & | Lau & Finn 1, #HIEROMG 2 ETedbm B L OFEIME IMF
TNENCK LT, BRI MHERSEREOZXK 1 (¢, d) IRLELE, ZDXD
AR Y—3, TNETIZARK MD a2 —arFErRifos Ial—3 g o FET
WRALSNTZZ BBV FHATLRE, AFFETIINO T, K 2 [T L9, miblohi@E
FTAHCP 1 BIOCP 320\ XLEORIZ, Lau & Finn 2322k L7= A o —|2xtind A
NP IR bR e U—oxtE AL LE Lz, Fexid, CP 1225 5 £FTOAREF S5 DD
XNVEEBELE LR, 205 b7a— )L MR —Z2HT5D1LCP 1 & CP 3Dk
TT, BV OXVEIFRNZe hARa Y —IZB5 7580 LA S, KRREEDOHRFASN &
LT, R Zesml 3TV EE A

Front view Tail view ique view
B2 (a, b) IZ[EX, 2D 2REFLTES LVERESHENTARELEESNTOET ., ChsFERENAGIK
DERERZEFESL, —ADHIABSLVEOHIBEMNEFEBL., thADHKEIES K VILOHBREA & IR
RLTWET, B2 (a, b) ITRESNE=ZHRALOBIK, HIEOBREZRLTVET, ThoDEHEITI
bﬁ@%ﬁﬁﬁﬁt%ﬁ?é@?@ﬁ(~E%ﬁﬁt%ﬁLTW%EE%E%&LTM%%E:QE(ﬁ
S, BIBE, REBTREIN P 1 XU CP 3 4HaM 2 HFFTIXLLERMFE L. BREAID/A I3 v,
KEETR. %LTKW%&U@WﬁﬁT@&LM%(&ofhiio

2. dbifx IMF FICBI 52 2REEE hAno—, Xz (@BLO00b) X, TAFENCP3 B
LV CP1 IZHG L, RHENIGREICE S TEHERINTVET, X3 (e) BLO(DIX

IRCRENTERLESLHFIRE B TREINTZLESHFERO A Z R L, SF S E2Ha0
O R ZWTI £ TP Y 7 (KTEORGEER) b TonE T,

X2 (c, d) 1%, RLEESHIKE BESHEKROM OS2 L TC0ET, K2 (¢, d T
X, TNENREFTORA v a2 TOREINTEY . WHEDRERMEL 2 KD THPERR Neutral
Line) | 675V 7 HEKLTWEST, Zofl 7%, K 2 (¢, d) TIHERWEEBAD
MTERRINTOVET, 2 AKOHFMERIZE BIZHEMIO CP 1 B AaE D | BEUE OB & &l
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ZENENRIDICHA T O CP 3 ~EHe LET, ZOrEbIZBW T, RERESE R
2 —XCP 1 & 3DOHDZDERERIZE > TORFETEET,

FEBIIZB W TAREESERIR & BESEREO BN E LB, F213 AU v b (SFREr
) 1L, BEPIHVREEZER L, Ry v ERRFERA#EICRHE LE T, ZOJRER
fHEDEEEN TR, MKBEREIBICBITA T T A~ — FOMEICH —FHLTWET, X1
(e) TlE. REELHREL L NLESHRIEORm N ZNENXF OFEE S - FmIZHHE L
TWVWET,

X1 (e, f) X, #FNEHXH2 (d) O AR —2FEARLTZDBLION3D 7Y BT
BELELOTT, ZALIEK 1 (d) sz hARe o— A EMIZFE%ETT, 7272 0.
Lau & Finn I2L 5K 1 (d) © hARro—L3 8 e HERZERAEOm RIS X OB o #
RiE~EONLOTIEARL, M (UMD BIOdLE GHAD 26 RE G m~ &M TN ET,
MF L EICEMOFRERTTTRZL, K1 (e, £) BERUE2 (¢, d) IZRINTVDHED
7o SR OWm A R L E 9,

I BT, RBERERME TR FAICARLE « RESREORIZEENT S FHRORXY v M,
ZTOMEICBNWT T T A~ — MRS LET, MRBERHICBTL TSI A~v— e 2
D 2 DOZERERITEEENT. S FIRA Y » MG & DBRRIZOWTIL, ZNORFE—Toh 50
HLERSNITHEDICE L RIMENDLETT, Kin X TIE, ZhSORRAZR FRo
U—IlEE L TEREYTTVET,

2.2 ¥ 72 h—AEBID 3IRT hRE P—

(a) (©)  cpi2

CP11, & (@
. . cpi0 ®\ :
-2 .4 Hole

Wini®
(b) -~ CP12

Solar
Wind

E3. TR F—LFEEDIMHFNCEFTEIRTLHESKE FROS—, /SR () (ZFTE. Ob) TEE.
©) IXEREl. ) IZdEAD, () FEEEHMODEAND., FRAEFNEIIFRTCRENERARESHEKLS
RTRENT-RESHAEOBOBREAER FROS—2XRRLTVET, PHBEIAFORKBETREIATL
7,

WIZ. K3 IWTRENAD L DT, X IMF ~OfE#% . 7 A F—A34ED 3. 34 43FNCHBLT
% 3 RESE AR Y —2 e b LEd, VTR =L EORLINL, YT AX~v— %
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MALD BT ER N BB L, MR 7 A~mnER SN S E L TEESNET, =
DOFER T, #Bl sz 2HEOX VA0S H TENBEER bR o—IZf5 L TEY, T
PR EICAZE L CDVET,

JEHFENAR O D F O ERZHEERIZ. P 6 (As ), 10 (AF) . 11 (As ) DRk S5
2 WILRESRIETHER S CWET, — 07, MO S ROHEIRZEEIE, CP 1 (B
A, 2 BA), 7 B, 12 Bs A) MOEREIND 2 WIEAREESHRIKIZ I > THR S
TWET, ZTZTCP 1 & 2IFIEFITEFELTWETRN, ZOHERLZY v Ry A4 XL K
%<\Ffm/~m X E OEAAZERILR— & A S ET,

AMDREICBT D5 7%, K 3 FORNEGAORETRESNZERICBWT, 4
L OO A ézhf [ EWORR) ZEL THWET, 21, 32U EDOX VRN BERS
VWAL 7 =K773 TG

A G S R RIS 3 1 28T LW SR HERR & . INF B5HARTISAZEE L7 R, +
P (BRT) fHETHRE S TWET, Ziuk, INF ORIZ X > TE U THESE) &
CETHe S E ) DY RS E CHFE L TWAH Z E 2R L TWVET,

A KB R 2 RN T, B 7 DOXVENHEY 7o TR S L, KB O 7 o
— NV R AR Y—ZR L TCWET, ZofiEEL. X 1 (c) IZ Lau & Finn (2L > TREN
72, MME IMF FI fém%m s A e U — DR & AREMIZE—TT, 7272 LB
;ﬁgméﬁﬁﬁ@¢ PEARIZ K 0 | IBROBKEMEE &M BIREF STV D 2 & D3 FkRR
ENET,

NFTIK R (Publications)

(’ﬁXC)

. Ningyi Xie, Xinwei Lee, Dongsheng Cai, Yoshiyuki Saito, Nobuyoshi Asai, Hoong Chuin Lau,
A Feasibility-Preserved Quantum Approximate Solver for the Capacitated Vehicle Routing Problem,
Quantum Information Processing, accepted. 2024.

2. Zhenyu Ta, Ningyi Xie, Dongsheng Cai, Nobuyoshi Asai, Comparative Study of Quantum and Clas-
sical Conditional Image Generators, Knowledge-Based Systems, Knowledge-Based Systems, 2024,
accepted.

3. Xiong, P, S. Fujita, M. Watanabe, T. Tanaka, and D. Cai, 3D Topology of Transient Bifurcation Just
Before Substorm Onset, Radioscience Letter, accepted, 2024

4. Lee, X., X. Yan, N. Xie, Y. Saito, D. Cai, and N Asai, Iterative Layerwise Training for Quantum
Approximate Optimization Algorithm, Physical Review A,109, 052406, 2024.

5. Hou, Z., R. Dong and D. Cai, Structural Color in Amber-Entombed Wasp: A Detailed Study Using
NS-FDTD Simulations, Trans. IEEE Access, accepted, 2024.
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BEIZ & Sl BB S R T L ALS) BRADI-HDES 5B
Bl D BR3¢

Blind signal separation for satellite-borne automatic identification system (AIS)

MRREKRSE - BRHE (RBRXEEFEWRRD
MR BRI (Research Objective):

AMZEO HIIE, N THEEIC X 2 RH# P72 AIS (i B BhEkhl2EE) 155 0@l
BWTAL L ESTHORMEL MR L, BEOMANORIFFIZEEIND AISTE %
BRI - 85T AT ODEBLET VT ALAEZHETHZETHDH, AISIE
&b LITHEBEOMAIMEEAZEE L GRS b0 Th Y | fEZ A WZEHIT
X, K2 D S —FEPHN O ZHOMAAN & RIRELNAE G SN b2, FEERY -
JERBENCEE L, TR BEETLEVIBERD D, FrZ, ZET 7T K PG
FIREM L0 D720 (K<M) AT, 1R OE BB FE TIX BN REETH 5.
ZZTCARMIZETIE, ARX—=RETFT U T OFEICHSE, AISIEE2ERT 21E %
FHNCHEELE L TEEL, 2hae Wi Y —r~ o F o 7k > TTHE % B
THT NI AAEHEET D, i, EBEORE T AT DBV THNHERET S Z
ERRBAIZ, BHE IR RROARN—AME | HEEREE OBLS) b i 72 I A RR R - MG
THZ LT, A0 AIS OEMERIL EERAMBICERT 222N ET 5,

FTE Fi% (Computational Aspects):

AWFFETClX. F¥ L2 AISIE S OSBRI A R—RETFT U 72 HW ., WIEREELITS
& LASSO (Least Absolute Shrinkage and Selection Operator) (Z & % i bz L7z,
EP. ATO 10 By b GMSK ZFE 5 b2 2 WHRE LR L. ZEE S L O
FEEFET NV E2ERI, LASSO ITHEFREEZW 5 7=, EHEARE (ISTAB LD
FISTA) 12k W EESHET LY R AZ TR LT, X 5. BT v 7 F COLSIRE
ARSI A 8 L7z Group LASSO #3 A L, BT 7 F M OIRIEHEE AV 4 R
\[ZhNZ 72, Group LASSO I35l FIETHEIEE L, A=W\ EDd, 7T
T & D LASSO HEEIZ L DT EEE ORTALE 2 fii § BBt et 2§ A LTz,

MEEER (Accomplishments) :

AWFgeix, # b L b U CIAEPHOMAn 2 B CX 22 AIS U AT AITBW T,
LD DIESNFRFICZEIND Z L TEUIESTHEMBME L. (558
ERETDHFEORBEENE Lz, EBEOZET 7T KN, EFHROE M
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FVLnEE (K<M) Z2fEL, AN=2FT U 7 Oz VT2 A5 55
T Y XLt L,

£ AISEHORFRRRIEIE /Y — b7 HGEFETA) X 2R L, BLANE =
Y RINOOBIEREETERIND ERKE, MKP (PIFFEEDIIE) LW ORI T T

D A/N—AMEIZFE H L, LASSO (Least Absolute Shrinkage and Selection Operator) (T X
% IEAbR N "R iE 2 L2, LASSO Ofgik & L Cid, Atk v T3

S, AT A =B EE S D 2 L CIRIZIRIRSCHBURS B 2 51 L 7=,

WA, R EOEET v 7 F TR A O 5 N ERIE T8 S b &\ 5 WERi i
I IS % . LASSO % #43E L 7= Group LASSO #1222, Zhix7 > 7 F /TR —kE
DIRIEAREI S LEHIK GEEOIX L& Il 25350 TH 0 EANEIE A, ke
%3 A L7=, Group LASSO (3G s FIETHEE I NN, AN—ZAEER IG5
BROWHER DY, BEREDHELE o T,

INEH D T2, LASSO I L DI OFRHL 0 iAA (FTALER) Z1TV, BEELT
H X DWIC RGN LUT- 9 2T Group LASSO % 4 % " E¥PSHEETE A B A, Zhic
XU, A= 2 M L HEEREE DN 2 XD 2 ENTE T, M, DIEOSTCHIIUE DR
FICL VT RERDIRELSELAEND 2D, 5BIT T A= BIEST LT Y XL
BEACDRFDPHRETH D,

AFKR (Publications) :

(§R32)

(1] PERTEER], SEROCHE, fr R8s B @k s 27 L FER 3 OO DESHEET7 /LY X 4,
B IEHIEE %S 558 (IEICE Technical Report), 2019 4 2 A .

(2] PERTEER], SEROCHE, fr R8s i B ek 27 LA FEBR 3 OO DIE TS AT LR
B IEWIEAE %S 5583 (IEICE Technical Report), 2020 4 2 A .

[3] WEENEY:, frREick D AIS BT DDEF3EET V23U X A%, R RS LA ERE
T TR, AR, 2022 42 H.

[4] deAt—=, iR AIS BHIO7- 0D =a—F V% y FU =228 D7 T4 > RE S5 EE 5T
KF TR ERE LR, ¥R, 2023 42 H.

[5] deAt—E, fE AIS BHOdD HFE=a2—T NV %y NT—22XD57 712 FIEEIRDY
B, RS R RFEPEE et seet, &g, 2025 4 2 A.

]

(A8
1. dbAr—EL, FEATEES], B2 AIS BRIOEDO —a—F NV Ry NI —22 DT T4 RIER45 8, &
TFIEHRBEFRRAE RS, 2025 4 3 H 28 H.
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Generation and transmission mechanisms of the electromagnetic energy during storm and
substorms

MERKRE : Gt | (BHEXEFHMEKIREMER)
kikuchi@isee. nagoya—u. ac. jp
XY HF R 7T —F — ZRHT - (BT 7 WIT X 2 FR T
MENEE  BEREHE REBXFZEFEHIAH)
ebihara@rish. kyoto—u. ac. jp
HY VT h L by 2 b— g v a— RIS & FRMRT
MESEE  Bh S (AWMNKEHZEREMREEZ2—)
tatanaka@serc. kyushu-u. ac. jp
A D MHD &R = b— 3 va— RERE & AT
MEMEE : EEH X (FEHRIOATLHEEE - RETHEEWZER
sfujita@mc-jma. go. jp
Y D MHD 3 2 = L—3 3 T & B EGRT
MEMEE  BAAEZEF (ERBEXR)
hashi@geosci. jp
Y IR - L — & — T — ZRITIZ K D ST

pl

MR BERE (Research Objective and accomplishments) :

e & BRI BB L =3V X — 2 ;T 552 (FAEEAR)
EIRT 5, WERRESCY 7 A b —ARHTIE, SN R X OWNERGSE 7T X< )
BRENS 2 XA F 03> DEN & BEIEHDIE D 5 IR1E O B HERE ~aiilk U, e <8 EL
CEEBEREEEL A ol 2 27, HIRKEELIR. EARMERmICE - ESAHEL, 20
— R IIH F OB S E BRI EE BT (GIC) & LTt 5 (Ebihara et al., 2023),
ZORER. KB X A FTENDIRBEIRREN. EHEE RN, HERmER CHER SN D
Magnetosphere—Ionosphere-Ground MIG) B = LIV X —[BIET AT AN I N5
(Kikuchi, JGR2014), AWFZTEREIL, WA & V7 X b — KO EREGEIH, Bt
HEEIH, RO a— Ly 2 b—3y g U EAWT, BERE D D EARHER R IV
7D BT RN X—REOREZHA LT L2 HN ET 5,

2023 £EFE £ TIT, MR A5 (SC) . 7 A h— A, BEKRD A X2 D 7 m— )
NIRRT — % L BAREF = 2281 D HF Doppler Y07 ¥ —F — X Dok =
7R\, BB EY & BRI BT O « HOFREREO —mA ST S & & BiT,
REPPU £ /W2 L RO BHE B Z 72 -7~ (Hashimoto et al., EPS2020; Tanaka et
al., JGR2020; Kikuchi et al., EPS2021, Atmosphere2022), &M% . 2024 4£ 5 A 10-11
HAZ RBUEREKUR DI AE L, W) B IRIE ORESIFHBI T — & & &R D HF Doppler
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Yo Z =2 XD EBEESBN T — ¥ 2157, PIENT &2 R 2 2o Tk R, SC
DY & B O/ « TR TS X OBERUR A O & 8535 O Rk 23 REPPU £
THTHBEINFEE —B LTz, —F, BRETHETIE, S ESEEN D 2 FFH
1T RIFAC DA L 5 & B 5B N EAE LT, a2 b—Ta il &
LHBUIAHROBETH D, S HIT, MKURBIEMIC 2 B &I ELLT T A
— ABRICIX, NSRS 7 R b — A RIS HE AT S il ik BB ¥ (Hashimoto et al.,
JGR2017) Tix72< | xHME LN LT 2EBH ThoTz, ZD AN =X LDOBFITSHD
METHDIN, VI alb—va VKD EBENAENE I PRFEEETH D,

UTFOX1~K 3, Bl SC AR EMORY - BHOT — X &R L,
[X] 4 {Z REPPU &7 /U2 & 0 FBEl SN 7oA RO ZET 2 EREEER 2~ T,

1%, 2024 %5 H 10 H 17:05UT (2, HREEE ORI (AM) & 4% (PM) | BEAURIE D
WERICEBINIE 7= SC ¥, SCITIEE7-I1ZEAD Pl (preliminary Impulse) & 1EF
7213A O MI (Main Impulse) THERK S AU, & ORGSR « MG RERFEITINRE IR BRI &2 BV
FHTe 2 DD Hall &EHE & kg & JRiE 2 #5 5 Pedersen—Cowling &t T & 415,
I OB R, £7-. REPPU EF/WMIC L 5 8L (Kikuchi et al., 2016 JGR;
Kikuchi et al., 2022 FSPAS) & —#1 %,

AM PM

20240510 BOU 20240510 NUR

SCx(+ -)
SCx,y: SC in X,Y components

SCF: SC-associated HF Doppler frequency
MP: main phase

P SCx(-+)

T scye+-)

Night Day
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s
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-4k SCF[’ +J = KURBDOBkHZ

8 17 o s e 17:00 17:08 17:10 12:18 17:20

s EEI-4)

1. 2024 45 H 10 A 17:05UT (2364 L7= SC, i EE 4Rl (BOU) & 4% (NUR) . REA
PRIEAE (GUA) & B RE (HUA) @ SC I IEE 72I1FA D PT & Z ke < IEE 721X A D MI THERR
END, TNDOREZ, IDBIRRER 2 B BT 2 DD Hall Bt & R & ARE %
#& .5 Pedersen—Cowling Byt T &1 5, &I SCF (FEREREFEIZ L 5 HF Doppler J&
WA L) 1% PI, MI @ dusk—to—dawn, dawn—to—dusk T3 CintH X5,

X 2\ AR AR (17-190T) O HEFE g5 Bx, By 1d, AWMZWik o A CTH
BIEF%TH AW A THDL, ZOEMEIT. Rl FACs 23RS EREE ~F HiATe
KMEHICL D 2 D0 Hall &\t & RIFACs O REEREE ~M AT 5
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Pedersen—Cowling BEyitiZ L ViiBH S 5,

20240510 MAG

1500 ¥ T i
1000 ) MPx(-) ,AM 3
AM F RNV VAN e \ A/ BOUX
R 3 BouLy
Mid-latiude VTN ]
—soof MPx(+) HADX
PM E f ]
1o0op MPYO) ot A g HADY
L SRR A * ]
-1500LC 1 1 1 1 I 1 L 1
16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 24:00
ut
20240510 EEJ(HUA-KOU) EEJ(GUA-KNY)
6001 - T - T " ;
DAY
Equator
NIGHT ~*°F
=600L

i L s L s "
16 17 18 19 20 21 22 23 24

2. 2024 £ 5 A 10 BIZH4 L7= SC 1T < B4R THE o it B 28
(BOU) & “F#% (HAD) . 38 K UMBEAURIE AL [H] (HUA) & 4K ] (GUA) D&Y 25 8), SC
LREBRIC, IR IRRERR 2 BV PHTe 2 DR Hall EFE L HIEE L RE A
% 5 Pedersen—Cowling BB T S 5,

5 3 XL LA AR B & AL 7- HF Doppler 8% 2 <4, TAE D) 17-18UT
@ HF Doppler JEPEIFIIET, HEOELNHEF X OXREL CTHLHIZ EE2RT, =
DOEEIT 1830UT £ TAIZA(L L 1 KEff##E L T\ 5, Z @ Doppler JE A E 4
fL 2SI, T —F OEATIC L0 | xHRESANC X bl ES & B s,
K OBIER B L 0 BEEE 75 A~N LR L2 AF ) T LT —FTh
PR S A, REUNLEBEE R ICRAET D F3 BEHESIND, 20X 5 BB/
B REDY I 2L — g VICEHAHEANSHOMETH 5,
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2[}24[}510 HF Doppler Observations
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UL & OB X D EAEEZ RS,

AKX, REPPU ET /U X W HH SN PREE (BAEE 17 E) Hall Eite
Pedersen FEifitd X MR IRIE Cowling B A /~"T, ZIUHDENIL, SC & AET
K DOREGIEB OREE « R 2 L <3 5,
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X 4. REPPU E7 /UC X 0 FEBLE 7= P 3 L OV AL 5717 O B HEFE| Hall
3 LU Pedersen &, TPID 1453773 SC @ PI i, & DHESEAS SC D
MI #&E¥it, £ LT SC TRV THET DR FFARF D Hall 36 X U Pedersen
T A Rd, (from Fig.7 of Kikuchi et al., 2022 Atmosphere)

NFAKH (Publications) :
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BERE - Y TR F—LISH#S
HIEE I X—HABHFEHORR

Dynamics of energetic charged particles

associated with magnetic storms and substorms in the inner magnetosphere

MRRRE . BERHE (RBXFEFEDTRERHN)
ebihara@rish.kyoto-u.ac.jp
MRFEE  BPsE G(WNXZERFEXZ2RERARE2-)
Y 3R/ A—/NLMD > 2al— a3 v nREK

EHIELED (REBRFEFEZER)
B 3RTA—ILMD 22— a3 VDEFE - B
X H AR

(REBREZEEFERRA)
B MFPEDIL— 3 VOB - B

#HZE B B (Research Objective):

P i S ) X i Bk oD R - U IS i~ D FHHZEM TH D . 2 eV B2t MeV
IZE DEE & Tp = RV X — B FF O R T S PR TR OB It S h T b, U v
TV NEHEIRA (~keV) 1TFECH [ < M SHEEL (BSUR) AN THREOR
HHEOFRIRIC, BRI (~MeV) 1IN THEDONETHEBEORIN L 72 d 720,
FHEMZLZRHAT 2 7-OIIImER - OES), 3 72b bR Ol « L -
HRBRLZ S D Z ENRARTH D, PNEKE Ok 28 I AEME 2 d ghm 2
DERTHIND, THEZHAET 5 72D IR RN B BRI E 5 IL# 72 fE %
—ODODVATLELTELIDVENRDD,

AL, O ES OB E—EREE R ME, OV 7 2 b— ARFORKELT
ISR 2 @ 3L X —E 1 OiES) & NEE B~ O AR, O E—E R
S mIRIC BT A FEFOBRENC SOV T AT 77—, 22 Tlk. Qlz>nT
WET 5,

RS U Tl kR & 72 = R L — & RO BB R 23 HUER oD [B A W5 1T Hfidie <4 T
W5, BlZiEE oV O R X— 2 Fohl TRUIRBENE W Z ERRE T, LI
BENEWHERIT TE7 7 A~BE LTabLNTWS, £72. £ keV 2255 100
keV DT R )VF— % FE bl TRHIL = RNV F—HENE L, TOENABIC L > T
PEEEFE S EIC PG F NS5, Z OKBEMEERIIRERERE LT b, HifE
K[AEREZE L, BKREOKEIN & 725, $ 100keV LLF O RV F—% & Ok 71344
f—. FH AR LEBRNMAESN, ExB RUZ b, BAER R 7 b, B Y
7 MZ X o THBZICEE S AIZEE SN D, R THEMR SR O#EZ#H 5 0L
55 A RN D 9 R SR ES Th 5, XEL NI E D &R 113K 7 M
B S, X eV ORI X =2 0T T XN ARG HIICEIIND Z L TF T X~
BEASHRE L. 2% keV 2053 100 keV D R )L X —Z FE ORI R D B NS
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WA Ut (RBERER) 258D 5,

165 BB R B DAFAE I L FE BB BB R D K Ri 72 i b PR S, AN THEZEICE 58]
HTHMRINTND, 7T A TIL IS F M OEERITE, WM

DESGVELETE 5706, 1 KOBEIIHE THE S AT BEXUE & BEREEN X AR5
RT XN EeBIDLZENTED, TOXIRREDS &, %%IﬁM@&%%

TV E W TRERBERTTRZHERI L. #0100 keV LA F O R )LF—% & Dhi - REDHG
EEHREARARDMANRLL BENTWD, LML, ZOREDZHLPEIZONTO
BREE o7 ShTunzan,

FTEFi% (Computational Aspects) *

7a— N )VEREA (MHD) 2 2 L —3 3 (Tanaka, 2015) Z AV, WX E—
EHEE OB OISR EZRE L, M oXEMEMBESE I —vay
O A OEEFRFMEE LTH X D & BHEE Tl DP2 B DR/ N & — 3, P
S TIEHA D B AN A 9 BENBN D, EHIXT AN Ko TRESE
HIREET D EMNET D, TARUEDEAr — I+ RE L, TR
DT T R PRIF S T2 R TG EAT AT 5 LIRET D, 2FD., Tv
NP DOWRROBWE IR TERTEDH LT D,

vi=V1V,

2L, VEVAIENZENT T A= E T AR ORETH S,

HEAER (Accomplishments) :

T DR — EBERE X I 2 AT 5720, SHEO FIEIC X v BEEE 7 v NV
Y NERDTZ, —OIIRIRE D DN D BN E %ﬁlks&bé,.\ 7w N
VY heT25H0T, 2z K7y 7Y b RS, —2 BITERIRE
2> O FEEEE ~m7 5 T RO R A B L, EREE R ETHIRERDD B
DTHDH, ZOR%E [TAXy e Ty vTY N (V)] ET5D, = HIXERERE )
OERIRBI YD TSRO R A BT 25 DT, ZOHETRDZA%
FYNNV°7y%f)V%(ﬂJk@§oﬁwmlm\7wNV°7y%TUV
D RERIRE RN LI BB S & TRy« 7y U U N ERIR T v
AN ﬁﬁﬁ(mnoﬁ%ﬂﬁzL@@ﬁﬁ?ﬁ7w&y-7ybfu
Y NEWIRT NV o hOEITNSLS, WAMERANTT Y FFY U M ERD
ThELIXZRWEEbNS, —F., D8 OEMRTIEmEDEN KX L, BTz k-

TUIREKH TR AR T o 2 &b & D,

139



lonospheric electric potential Difference in MLT

40

Mapped along Alfvén packet
(=Va+V)

Mapped along Alfvén packet
(+VA+V)

Figure 1: () 7AXRY « 7y YV " ORERKFERICERE L EHEE
B, B) TAXRY -7y Y v hORSKH#ARE MLT) EEABR7y bV h
DOMT DE, LEBIEITAXRY - 7y U N (v) ZHAVESE. TRIITAX

Yo7y RV ) BEROVESEERT,

SO FETT vy 7V v ek, 7w b7V 2 MBI 5 EEEEES 2 A
FRIEEIZHEE L, MID 2 2 bL—3 3V TROT-MKBEES L Lz, EHO R
IZOWVWTIEWT O FIETHMKEES L BB —H LN, K& IO T
BEREVWDR LN DG A 0N b oTc, A—8oBm L LT, EHEES ICTEEN
IRVEEEBS OB, WAKRERE & EHEE & ORI PER L, 7T AU
LD ELGOERENZERTIIRWAREERE 2 b b, ZOMRSRIL. EHEE & waE
DFISBMEBEIZ BRI LIRS L 2R L TRY, B A2 EHEE & K E O
TERETDBICIIEELRRANSLETH L EERELTWND,

NFARA  (Publications) -

1. Ebihara, Y., and T. Tanaka, On the electric field "mapping" between the magnetosphere and the
ionosphere, KBS - IKREEFR 2024 FUEFR, 2024 F 11 A.
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