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Study of unified numerical schemes for numerical simulations of electromagnetic
fluid plasma: From MHD to multi fluids
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The nonlinear evolution of the Kelvin-Helmholtz instability (KHI) and the
Rayleigh-Taylor instability (RTI) at a density shear layer transverse to magnetic field in
collisionless plasma is investigated by means of a fully kinetic Vlasov simulation with two spatial
and two velocity dimensions. Several simulation runs with different ratio of the ion inertial length
and/or ion gyro radius to the thickness of the initial shear layer have been performed to discuss
“ non-MHD effects” such as the ion inertial (Hall) effect and the ion finite Larmor radius (FLR)
effect. The result shows that the instabilities develop symmetrically when neither Hall effect or
FLR effect are available. An asymmetric development of the instabilities is seen when the Hall
effect is available. When the FLR effect is available, a different type of instability with a
spatial scale of ion gyro radius is generated, which disturbs the development of the primary

instabilities.



¥ L C—19, F—-19—1, Z—19, CK—19 (:m)

1. WFIEBHAA S D 5

ANTHEZ W= #ERELOFE 77 X~
B OPRA & AL 1960 4ERICHEE 0 . K&
2 S° GPS i 2 70 & OFH A ANTBIAETIZA
FIZE S TARARBR D ERo TN D, Fiff
AN L HET D KBS ER K 2 Mm%, FH
7T A REOWSRITFICEEEZH LT
%, HARD VAT — VRSB 8L R O RS
(28 & 38 L T2 T AF O mig R U B 22 K D
2o BINCLY, FHT 7 XA~F5Ic
BT R EE) O EEMEITE GRS .
FHTTAHRZEOH LWEE L LT, B
BloTa— gl 77 A~vhifOI 78
KBNS AWVICHAEHA LTS [R5 —
A EWVWOBXFREEHIND LI
Ipolz, iz, FHT I ARFEOMAEE
NLTTFHOEHZ THL, FHAH~OR
Wz HfET IFHAK BFHS7 A~vR%
DH O 1 O2OFHLWRNATH Y HREICH
ERIELTWD,

AR A 21X, NASA @ Community Coor-
dinated Modeling Center ° X ¥ 4 > K% D
Space Weather Modeling Framework {Z & D 7 X
UAMKELLIV—FLTEY, BHRTIIZIN
WZBFE T 5 TR R 715 (Magneto-
Hydro-Dynamics: MHD) IT{ELIZ & 2 FH K&
MNP ED B TEZ, Ll HBRIEEIC
%L CIE MHD ZEL32 3 L bk v 729,
FIEFHRRITHROBELZKEIZ LT 5720
(2, $EKD MHD SERIET A0 B BAN L 75
HETMIHT D2=—ABEEV 2OH V|
WHRDOZFIRET VL, W2 R ORLT-E
TIVOBFE P IHNATHI T b,

AT N—TTIEIZINET, 7T A<D
F—FEY I 2l —1 g U ThIRTFET L
KO Vlasov €7 VOFHERFIEIZOWT,
BICHFERR%E 29T > CT& 7=, —F T, MHD I
RSFHT T AvDORERT I 2L —v g
THDHLEREETT NVITONTIL, Z DHFZER
FHIFFE A EHEATE LT, MHD & IE#)GD
X, ARETEE L CHMEEkE LTH,
X7Ey NIEE] Tho,

2. Lo HB

FHT T AR EHE A r— 1D S
FTHDH MHD LiEShEm ORI & 5 P Eim e
T RHT, £ FOF T RSN T,
S%BBAB T REEMBAE I 21— a3
— FOFEHZEITO,

3. WD Ik

BRI T FREUE. Viasov HH2Eo0 0 ¥k,
I1RBIP2®KE—AMELEDBZEICES
THELND, TNENVEERGFOX, EihE
RFEOXB L, =L F—RFEORXL 0
VLo, LorLZhnboicB W Tix, B
AT RE R A EH T 2RI B W TRE SR IT
AN TnD, BFEAHNWLRLTND
BRERIA TR TIX, BT v MRS T
EHE LTHb, £-8um%T v VL3

HENTWD, RIFFETIEET. JEHhT Y
LB L OBWGET v Y R R TICE DT

[Se47p | R A T A% & — R Vlasov
FREAL Y FEHT 5,

WIZ, MHD 27—V B LN, A 4 1EHE
A= LR F v A BERAT— L DF
HT 7 A~ OERERZEMHEIZONT
Vlasov I =2 L — 3 U&7V, I =2 b—
va v X 0BT ESAAEER ) B IE ST
VINE L OEEET vV VA EEEE L,
INHOIEN TEE X000 EH 0k
ST L., £ NOOENPSYEELII L
TEDLHIRFEHEEZ L TCWDDONEERT D,

4. WFFERk R

Q)T T o 2 s SV LTRIVY R EMEIC BT
BInT)T v VIEOWER

Viasov FERD LIRE— AL M2 LB L
2 X > TH LD ERE IR OEE) R,
DLFO X128 HTE S,

U
mN——+mN(U-V)U = qNE+] x B~V -P

1)
ZZTC. mq NIZERENWE R, i, BE
THY. U E B, I IXENFNHEY, &S,
Wts, BIREEDORT M ThD, £, PIX
IXIDORMRIENT I NTHD, JEHhT
VNV DIE ARGy DA AT T ETIP =
(Px + Py + P,) /3L EHET DL, T VY
JVIBLTF D L D ITEETE b,
P=PI+1 2)
ZIZTC, IBXUOMEZENEIL, 3X3 DHAIAT
FBIWIGHT I NVTHD, kb, @
BWOWEFRATIL, ST v VR ER S
IWTWDZ EBGDD,

T I (DI TIT V) X
ARIFRIBR R BN H LYW ETH D
23, Thompson [196111%, J&/7 > L % i
BB IOADTENLVELT 2 HEEBSR
L 7=, £ 7= Roberts and Taylor [1962] i
Thompson [1961]DIT{El A% MHD Ji A2
A L. Finite-Larmor-Radius (FLR)Zh S & FEA 72,
Huba [1996]iZ. FLR-MHD =1— R& /=4
SV g e AL BRIV R TEPE(KHI) D 2 IR
SR e I e /N G B TR EIL 2y
EAT V¥ A wEB O JTmNE Ca iR
DED MHD DG LD b 220 ififn)
EOHAITITEL D E R LI, — T,
ITHEDH LY 2 o L — ¥ 3 > [Nakamura
et al. 2010; Umeda et al. 2014]i23FB W\ CiE, KH
WOEEL ST & A A2 Y% A aiE8 D JE N
Wi & OIE 9 BNE L& OHE L0 b KHI O
RENSENZ L AR LTZ, 2F V| FLR-MHD
V3ial—valrbtEFHEIalL—Ts
CORERIZIIFIER D D,

AAFFETITE T, Umeda et al. [2014]D 2 &
JtVlasov > 2 2 L—3 a3 V THE LN EE S
M E NN THESBS I WENT v Y V%
EAEEHE L. Thompson [1961]DUT L= & iy



TUINNBEDL BEWNESTNDEDNE R
oo TOMREEKLIBIO 27T, Zhb
OFER I KH ORI TR EA A Vv A
EB O HFRPAWREBIOECmEDOES
5 OHAITE W TH, Thompson [1961] DT
KIS ST > V%37 0% DI THIELT
ETNDZ ERSMoT,

EHIZ, KHI OFRBICHTHEHT YLD
Fh &, RO ER G FE A VTR L7
EZAKH MDA E A A Vv A aiE
DS MA[E UL IO E % MHD O
B X D, WHEDOGEITITED D &V
5 FLR-MHD > 2 2 L—3 3 v CHAEMDO H

B@ (A) (Pu.r_Plyy)f'rz

15 1 15 6 0.05
[—)
@ 3 3
I - —
3 0 © i
: 3 -3 -3
% 360912 °"% 36 012 "% 38 992 °F
6 3 [ 0.3 8 0.1
=
¥ 9 3 3
o R O € O e Gt O £ 2 P
3 -3 3 -3
i} 0. , 0.
%36 912 36912 @ % 386912
xfL x/L x/L
(D) Py (E) M,y (FD-E
[i] 006 6 006 6 0.02
2 3 3 3
=
‘I-I'_ ;: 0| p— el | 0 O i ey | [0 1] S —aany | {0
§ -3 3 -3
3 s 012 i 02 s 92
[i] 012§ 12
3 Ll 3 3
=) g | e
LR Ol s O O
£l -3 3 -3
o ) 012 -6 §
%3 6912 " 36912 P36 92 o
x/L x/L x/L

¥ 1:KH@OEERTmE A 42 Y v A 7 iEd)
Wi E OLGEITRT 5, IS S1T v/ )V (AD)
& Thompson [1961] D IT{LL(B,E) & o LLi#s,

B
"® (A) (Pu.r - Plyy):"rz (B) nfx.n’ (C) A-B
s 6 15 6 15 8§ 0.05
=3 3 3
13 0| [([SHE
P e
3 -3 -3 -3
36912 36012 "% 306092 %
15 B 015 6§ 05
(=)
= 3 3 3
n o= -
Y of i
3" -3 =3
% 36912 "% 36 812 °F 003
xfL x/L
©) Piay (E) My
B 03 B 03 i} il
&9 3 3
LR o e O
§ 3 -3 -3
8 s o —
% a6 912 Y% a6 912 % a6 912 o
6, 0.06 08 B 0.02
s 2 3 3
1T o OF T O i | 0
F 3 -3 -3
% 36 912 *% 360912 %% 36 912 ¥
x/L x/L x/L

¥ 2: KH @O R m & A A2 ¥ A i)
NECHEOHEEICBIT D, ST v
(A,D) & Thompson [1961]DiT1EL(B,E) & @ Lhig,

HRER AT, DF 0, ERERAOES R
RICBWTENT VI NDHBEEZE LT
DR I 2 b — 3 Tlk, EBHRs I
L—a URERZBELT 5 ICIEA S TH D
ZEDBHBENE T, ZE, =R LF—
AR TETIIRLS T Y NE LTH|RD IZT
THHoTIER, ZRXLXF—FT UV LDH
BHEAIZBWTYH, BT v Y V&8 A
THOVENHD I L ERET D,

QLA U — - TA T —REZEMIBT 5 IR
R T B D e iR

LAY —« T4 T —FREEERT)EL, BE
DR X 72K A TSNS o TEED/HN S
TEE L ZTNWD L XITELDIREEETH
0. RLEEMEC X > CTHFOMEN ANED
D2 ENLRBBIARLENE L BTN TV 5,
VAT T 2 L—3 9 U THRBND RTI DIEHR
TEFRIETIX, &8 AR MR Bk TP I 7%
LTV B CEMPIC S afi(fE
BNO R RGN E U, IRBERERNE LT 5
R CLE MBI RIFR A E N AT 5 Z & n
MHENTWD,
X 3 1%, #IHHEELOWE 2% EAEE D 3 %
DESICHREL, 7T Av_N—LlH(TT7 X~
JE & BERIEDL) % 1/4,4,1/64 & 31 Y (22 1k
EH7 L &0 RTI ORI EOETZ2 K7,
BT —IA A EEER L TWD, Runl (T7
TR _R—ZEN U4 THY ., WIHEELOW
EnA A VA v tREAS T VBEEDE
nNEN 48 5L 125 chsd, Z0%HAE, FLR
NROA A B F (Hall Zh58) 72 & oI
MHD Zh R 138hh 7 & PRTE 5,

tw,=2.0 twy=3.0 N to,=4.0

6
4
2
0
-2
-4

=z
g
&n
o

=50 N85

Runl

(=TI -}

S = N N - )

A S o s o

EN )

6
4
2
0
2
4
6

&

=
I-M
m

)

&

E -6,
0123

=)

yiL
m- -

n

@
=
o
@

Run2

yiL

P N~ S N SR ¥

H VO N A O
S ORI )

]
4
2
0
2
4

&

-6

=)
n
w
=
[}
@

6 8 6

4 4 4

2| 2| 2|

0 0 0

P . 2 2
- -4 - -4 -4
fi12a %123 %128 Bres Dres

XL XL oL XL XL /
X 3: 7T Av_R— 2 (T T A~IE L BT
D)% 1/4 (Run 1), 4 (Run 2), 1/64 (Run 3) & 3
BYICEfbsELEDL A — T A TF—
L TEME D IR T 2



MHD ¥ 2 = L—3 3 > Tl 2RIk HRR
ZeXx 7 2B XA EN A U5 [Huba,
1996], Run1 (231} 5 RTI D AkEIEL, MHD &
Sal—varobolmb T Tn,
—FT.MHD ¥ 2 = L—3 3 Tl n
o 72 ZIRHIRZEETED % ) aBloREE DA
AU, ZhiE, A7 v—7"Ci1-7=
KHI ® Vlasov > I = L— g3 2B WTAET
7o ZIRIARZ E[Umeda et al., 2014] & L < {El7=
AR LTWD Z ENShoiz, RTI DI
RIS T, @R & AR iR
DOFESUNE RN BB R @D T ITHEET D,
ZOTREREIX, BERS T T HE R
N, WG LI HLARNRH Y . T BNHT-
RARBEED TRV =R E 725, ¥Ial
— ¥ g U CHINTE IR ENEDE A D
EARER CHDL ZEEHLMNT, Fizx )
aRIOEED A TEFHEEN R > TN D
BR L LT, A A DOBERET VIV
ENLCEFORESICEELEZ TS D
EERH LM LT,

Run 2 1375 X~_—ZlHN 4 THY . f)
HBILOWENA A Vv A v bR £ 4
HEHEOLLIZLR2ETHD, ZO%A, Hall
NFAINNTITFLR IR & TRTE 5,
Run2 T, JEMIEEBE IR W C % 2 aBlorg
E~OREEZRETLILORA A Vv A1
HRFLPE DZER] A r — V& PR RSN A U T,
ZDINAT—VOREEEO—R E LT, &
FOENT Y VENERTERNEE RS
TWAZERHBLNE 2o T-, — )7 KK FLR
HWEROBRTHDLIXTOA AL DIETT Y
NHFIEHTEXAETHY . 2N E TOMK
TR T FEORSIC X 5 FLR 2o & 2 559
Zelhhol, FTEEBFOENT Y IVIEN
g < 72 JRIR & LT, #IEPRRBIC BV T A A
VEBFEERLE LIEE T T A R— AR
ERELTWNDZERFET LN, ETOYM
BELZ TSI ORZEMITE L 72
7B EHERTE D,

Run 3 1L 75 X~=_—Zfli7s 1/64 TH YV .
B OWRENAA A v A a R e A 4
VEMEREOZFENENE BIZ 48 5L 315 TH
%o ZO¥A | FLR #1220~ Hall #h2%
NE & TFHTE S, Run3d Tl FERIZEERS
\ZRBW TP IERTFR 22 %/ B D45 FEA#
ENRETTCEY, ZTBECITbhZIE
MHD Zh %2 Gk 2 2 L— g v ok
R & —E7 5 [Huba, 1996; Goto et al. 2014], —
FT, ¥/ afEEOLAMNCEN T KH iDFs
EIZBWTA A OREET v Y VIHN AR
TERUVMEIZZ2>TED . KHIIZRBIT S
T IIVOBHRERN L b RIBRI N EEBD
TRV —F L ORISR B T
VI NEEBANTAHLENRDD I L EIRT,

<5 3k >

(D Thompson, W. B., The dynamics of high
temperature plasmas, Rep. Prog. Phys., Vol.24,
pp.363-424, 1961.

@Roberts, K. V., and J. B. Taylor, Magnetohydro-
dynamic equations for finite Larmor radius, Phys.
Rev. Lett., Vol.8, pp.197-198, 1962.

(®Huba, J. D., The Kelvin-Helmholtz instability:
Finite Larmor radius magnetohydrodynamics,
Geophys. Res. Lett., Vol.23, pp.2907-2910, 1996.
@ Nakamura, T. K. M., H. Hasegawa, and I.
Shinohara, Kinetic effects on the Kelvin-
Helmholtz instability in ion-to-magnetohydro-
dynamic scale transverse velocity shear layers:
Particle simulations, Phys. Plasmas, Vol.17,
042119, 2010.

(®Umeda, T., S. Ueno, and T. K. M. Nakamura, lon
kinetic effects on nonlinear processes of the
Kelvin-Helmholtz instability, Plasma Phys.
Controlled Fusion, Vol.56, 075006 2014.

©® Huba, J. D., Finite Larmor radius magneto-
hydrodynamics of the Rayleigh-Taylor instability,
Phys. Plasmas, Vol.3, pp.2523-2532, 1996.
(DGoto, R., H. Miura, A. Ito, M. Sato, and T. Hatori,
Hall and gyro-viscosity effects on the Rayleigh-
Taylor instability in a 2D rectangular slab, Plasma
Fusion Res., Vol.9, 1403076, 2014.

5. EARRMLE
(RFEfRRHE . BRI R O 1
T

(MEREamSC) (R 1 3441)

Ol AT, TH 77 XA~ OEBiH > I =
L= a3y, BORRGIEE TRk, FH
P T L ¥ = —, No.2081-1, pp.27-35,
2018. i

@ Umeda, T., and K. Fukazawa, Performance
measurement of Eulerian kinetic code on the
Xeon Phi KNL, Proceedings of HPC Asia 2018,
P1 (4pp.), 2018.
http://sighpc.ipsj.or.jp/HPCAsia2018/poster/po
st101s2-filel.pdf A FHi A

OHEHE F&A1T, BIR B8, Xeon Phi KNL |2
BT T Y7 a— KOMEETHMNQ), &#
RVER 2R 2 BF 42 2, 2017-HPC-162(1),2017
A e

@Umeda, T., and Y. Wada, Non-MHD effects in
the nonlinear development of the MHD-scale
Rayleigh-Taylor instability, Physics of Plasmas,
\Vol.24, No.7, 072307 (10pp.), 2017
DOI:10.1063/1.4991409 4 Ht

(®Saito, S., Y. Nariyuki, and T. Umeda, Generation
of intermittent ion acoustic waves in whistler-
mode turbulence, Physics of Plasmas, Vol.24,
No.7, 072304 (7pp.), 2017
DOI:10.1063/1.4990443 4 Hi

®Umeda, T., S. Saito, and Y. Nariyuki, Rapid
decay of nonlinear whistler waves in two
dimensions: Full particle simulation, Physics of
Plasmas, Vol.24, No.5, 054503 (4pp.), 2017.
DOI:10.1063/1.4982609 4 Fi Ay

DM P17, TR K5, KNL Xeon Phi |2
B D777 a— KOMWRERN, L




B 222 B 2R 0 25, 2017-HPC-157(15),2016.
A e M

® Umeda, T., and K. Fukazawa, Performance
comparison of Eulerian kinetic Vlasov code
between flat-MPI parallelism and hybrid
parallelism on Fujitsu FX100 supercomputer,
Proceedings of the 23rd European MPI Users'
Group Meeting, pp.218-221, 2016.
DOI:10.1145/2966884.2966891 2 fii

© Nakamura, T. K. M., R. Nakamura, W.
Baumjohann, T. Umeda, and I. Shinohara,
Three-dimensional development of front region
of plasma jets generated by magnetic
reconnection, Geophysical Research Letters,
Vol.43, No.16, pp.8356-8364, 2016.
DOI:10.1002/2016GL070215 A i A

@OUmeda, T., and Y. Wada, Secondary instabilities
in the collisionless Rayleigh-Taylor instability:
Full kinetic simulation, Physics of Plasmas,
\ol.23, No.11, 112117 (8pp.), 2016.
DOI:0.1063/1.4967859 4 Hify

OfEE FEIT, TR E—F, A—/3—art
22— FX100 12817577 Y 7 a— ROk
RERFAM, 15 B PR SEH &, 2016-HPC-
156(1),2016. 250

Umeda, T., N. Yamauchi, Y. Wada, and S. Ueno,
Evaluating gyro-viscosity in the Kelvin-
Helmholtz instability by kinetic simulations,
Physics of Plasmas, Vol.23, No.5, 054506 (4pp.),
2016. DOI:10.1063/1.4952632 A i f

@ Nariyuki, Y., T. Umeda, T. K. Suzuki, and T.
Hada, Note on one-fluid modeling of low-
frequency Alfvenic fluctuations in a solar wind
plasma with multi-ion components, Physics of
Plasmas, Vol.22, No.12, 124502 (4pp.), 2015.
DOI:10.1063/1.4936798 4t

(Fa%E) G2 91F)

OMEH AT, FiH7 7 A~0OE#RmY I =
L—ay, FEMBGREEMEITYT +—7
A, AERKFHILF v /82,2018 43 A
16 H.

@ Umeda, T., and K. Fukazawa, Performance
Measurement of Eulerian Kinetic Code on the
Xeon Phi KNL, International conference series
on HPC technologies in Asia Pacific region
(HPC Asia 2018), Tokyo, Japan, January 29,
2018.

/M AT, BRI ==—HE, Xeon Phi KNL
B3 7 7Y 7 a— KOMEFTMNE), %
162 EINANRT p—~ L AL a—T 4
VMR ER, < FH ERRRWEE L
77,2017 4 12 A 18 H.

@Tsujine, N., T. Haruki, M. Sato, Y. Nariyuki, and
T. Umeda, Temperature dependence of contact
discontinuities in Vlasov simulations, Joint
meeting of 26th International Toki Conference
and 11th Asia Plasma & Fusion Association
Conference, Toki, Japan, December 5, 2017.

®Umeda, T., and Y. Wada, Vlasov simulation of

the Rayleigh-Taylor instability, 25th
International  Conference on  Numerical
Simulation of Plasmas (ICNSP 2017), Leuven,
Belgium, September 19, 2017.

(®Fukazawa, K., T. Soag, T. Umeda, and T. Nanri,
Performance Evaluation and Optimization of
magnetohydrodynamic simulation for planetary
magnetosphere  with  Xeon Phi  KNL,
International Conference on Parallel Computing
(ParCo) 2017, Bologna, Italy, September 12,
2017.

OHEl 1T, FH7 7 A~ 0HE R T 7
Y73 =2 b—v 3, KOBE HPC Spring
School 2017, #F K¥FEFHEFFHE L ¥
—,2017 43 H 13 H.

®ffEH FE1T, BRI 4—AB, KNL Xeon Phi (Z
BUF57 7Y 7 a— ROMEREFN, & 157
EINANRNT p—v o RarEa—F 47
WHIEsE RS, MER SR ¥ —, 2016
12 H 22 A.

OFnH i, MEH FETT, BTH 2, Secondary
instabilities in the collisionless Rayleigh-Taylor
instability: Full kinetic simulations, JLJN K%
HB S v /X%, 2016 4£ 11 A 23 H.

@Umeda, T., Hyper-dimensional Vlasov code for
space plasma simulations and its performance
on the FX100 supercomputer, The 35th JSST
Annual Conference International Conference on
Simulation Technology (JSST2016), Kyoto,
Japan, October 28, 2016.

@ Fukazawa, K., T. Umeda, and T. Nanri,
Performance evaluation of MHD simulation
code with X86 CPUs and manycore systems,
The 35th JSST Annual Conference International
Conference on  Simulation  Technology
(JSST2016), Kyoto, Japan, October 28, 2016.

@R B, BAR FZ, g7 B, HH &
17, Parameter tuning of a 5th order Conservative
and Non-oscillatory Scheme for Vlasov
simulations, 5 142 [IHIEREERES - HIBREK R
M2y, ALK, 2016 4510 H 16 H.

@ Umeda, T., and K. Fukazawa, Performance
comparison of Eulerian kinetic Vlasov code
between flat-MPI parallelism and hybrid
parallelism on Fujitsu FX100 supercomputer,
23rd European MPI Users' Group Meeting
(EuroMP12016), Edinburgh, United Kingdom,
September 26, 2016.

WHEHE P17, IR £, A—/\—a vt
22— FX100 (2817577 Y 7 a— ROt
RERFAM, 25 156 [ElNA T —v i Aa
Vo —7 4 TR RS, IMERRE T
#—,2016 /£ 9 H 15 H.

@Umeda, T., N. Yamauchi, Y. Wada, and S. Ueno,
Evaluating gyro-viscosity in the Kelvin-
Helmholtz instability by kinetic simulations,
27th  Symposium on Plasma Physics and
Technology, Prague, Czech Republic, June 20,
2016.

OFHE Z, HEH T, TH &, b1




= TAT—ARBRENEDT T 7 Ial
—va v, AARHMERERERES 2016 4EK
&, FIEA &, 2016 455 H 24 H.

MM 1T, (LA &4, il &R/, L5
TE&, 7 ey « S~V LRV R EMEIC
BT DY v A m KRR, AAHEREZER
FEE 2016 fERE, FFREA v, 2016 45 5
H 24 H.

@®Umeda, T., N. Yamauchi, Y. Wada, and S. Ueno,
Evaluating gyro-viscosity in the Kelvin-
Helmholtz instability by kinetic simulations,
European Geosciences Union (EGU) General
Assembly 2016, Vienna, Austria, April 21, 2016.

@Wada, Y., T. Umeda, and S. Machida, Vlasov
simulation of the Rayleigh-Taylor instability,
European Geosciences Union (EGU) General
Assembly 2016, Vienna, Austria, April 19, 2016.

OHEH &7, FHT 7 A~OHE R T 7
Y 72— ROPERERHM, Rk 27 R Th
BT @EmERT—2 v a v, KER
UDX, 2015 ¥ 12 H 18 H.

@FH i, HEH LT, BTH A, LAY
= TAT—ARBRENEDT TV 7 Ial
— a3 Y, i 138 [RIHEREERGA - HiEkE R
2y, HRIKY, 20154511 A 1 H.

@ffEH 1T, bB% fEE, PR KE lon
kinetic effects to nonlinear processes of the
Kelvin-Helmholtz instability, %5 138 [F]HiERE
PEAR - HUBR AR B 222, BORURA, 2015 48 11
H1H.

@ Umeda, T., and K. Fukazawa, Hybrid
parallelization of hyper-dimensional Vlasov
code with OpenMP loop collapse directive,
International Conference on Parallel Computing
(ParCo) 2015, Edinburgh, United Kingdom,
September 2, 2015.

@Wada, Y., T. Umeda, and S. Machida, Vlasov
simulation of the Rayleigh-Taylor instability,
Asia Oceania Geosciences Society (AOGS)
12th Annual Meeting, Singapore, August 4,
2015.

@Umeda, T., S. Ueno, and T. K. M. Nakamura, lon
kinetic effects to nonlinear processes of the
Kelvin-Helmholtz instability, Asia Oceania
Geosciences Society (AOGS) 12th Annual
Meeting, Singapore, August 4, 2015.

@Umeda, T., S. Ueno, and T. K. M. Nakamura, lon
kinetic effects to nonlinear processes of the
Kelvin-Helmholtz instability, 26th General
Assembly of the International Union of Geodesy
and Geophysics (IUGG), Prague, Czech
Republic, June 27, 2015.

@FHE i, HEH T, REOEE, BTH
B, AV — e TAT—REEMDT Z
7V alb—vay, HAMEREER E
2015 K%, FEIR A v 12,2015 4E 5 H 24

H.

@M AT, LB OES, PR KR, e
Yo NV BT REEVEC B DA A
Ux A EBER, AAHIREERE S

2015 FF k%, HEAR A v ,2015 45 A 24 H.

@YUmeda, T., S. Ueno, and T. K. M. Nakamura, lon
kinetic effects to nonlinear processes of the
Kelvin-Helmholtz instability, European
Geosciences Union (EGU) General Assembly
2015, Vienna, Austria, April 14, 2015.

() (&2 #)

(DFukazawa, K., T. Soga, T. Umeda, and T. Nanri,
Performance evaluation and optimization of
magnetohydrodynamic simulation for planetary
magnetosphere with Xeon Phi KNL, In: Parallel
Computing is Everywhere, Advances in Parallel
Computing, Vol.32, pp.178-187, 10S Press-
Amsterdam Berlin Tokyo Washington DC, 2018.
(ISBN: 978-1-61499-842-6)

@ Umeda, T., and K. Fukazawa, Hybrid
parallelization of hyper-dimensional Vlasov
code with OpenMP loop collapse directive, In:
Parallel Computing: On the Road to Exascale,
Advances in Parallel Computing, \ol.27,
pp.265-274, 10S Press-Amsterdam Berlin
Tokyo Washington DC, 2016. (ISBN: 978-1-
61499-620-0)

6. WFITHLRR

(D) WFgefFE

MEM F&fT  (UMEDA, Takayuki)

&t B - FHT U ERBE SR SE AT - ST
9835 40432215

(2) WFge sz
L

(3) EHEMF TR

ER F=—HBF (FUKAZAWA, Keiichiro)
KT - FERAT 4 T2 X — - i
Ee

WgeE -+« 50377868

AT Z8%  (NARIYUKI, Yasuhiro)
IR - NMFEREE - HEHR
WFgeE 25 1 50510294

JEH WA (TERADA, Naoki)
ALK - BIARETER) - HEHUR
e %5« 70470060

I HEA (KATOH, Yuto)
ALK - BUEERIR) - B
e %5+ 60378982

(Dol 71
FHE & (WAYA, Yasutaka)

AR - TRER - EiR

AT EREE
A=A NI TRET AT I— -
Fepr - HH5ER

(NAKAMURA,  Takuma)
FHIFLFAF



