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Particle-in-cell gyrokinetic simulation for fusion edge plasma dynamics
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A gyrokinetic particle-in-cell code has been developed for whole device
modeling of helical magnetic fusion devices. This simulation code is an extended version of X-point
Gyrokinetic Code compatible with non-axisymmetric magnetic field equilibria and unstructured
triangular meshes. Core and edge regions of the magnetic fusion device are smoothly connected each
other both in the magnetic field profile and the unstructured mesh. High-energy particle loss at the

vacuum vessel and zonal flow damping along with GAM oscillation in the core region are successfully
demonstrated by using the developed code. Previously these phenomena were considered by separated
simulation models specific to particle tracing or plasma transport in the core region. This code can
be useful to investigate turbulent transport in the edge region and core-edge coupling phenomena
such as the H-mode transition.

Particle-in-cell



XGC
(particle-in-cell)

XGC

(LHD)
2015
Wendelstein 7-X

LHD

(PPPL) XGC
X-point
Gyrokinetic Code (XGC)

LHD



XGC

sub-cycling
1/100 ~ 1/10
( FX100)
FX100
SIMD FX100
XGC-S XGC-Stellarator
VMEC
( )
Newton
VMEC
VMEC

virtual casing

LHD GAM
zonal

HINT

(Seki et al, PFR (2008))
Fortec
-3D(Satake et al, Nuclear Fusion(2007))
GT5D(Matsuoka et
al, Physics of Plasmas (2018))

¢ )

sub-cycling

80—~90%
Particle-in-cell

SIMD

SIMD



SIMD

VMEC
flux label
( )
100KeV
(
)
(passing orbit)
(banana
orbit)
(chaotic orbit)
10[ms]

(Seki et al, PFR (2008))

( )
(GAM )
( )
Fortec-3D(Satake et al, Nuclear
Fusion(2007))
( )

GT5D (Matsuoka et al, Physics of Plasmas
(2018))

100keV

(50KeV)

1AEA
27th 1AEA Fusion Energy
Conference (FEC 2018)

FX100

SIMD

1000

1000

20%

[ ] 7
J. F. Ong, T. Moritaka, and H. Takabe,
“ The suppression of radiation reaction
and laser field depletion in
laser-electron beam interaction” ,
Physics of Plasmas, , vol.25,
pp.033113 (2018)

N Khasanah, CW Peng, CH Chen, TY Huang,
N Bolouki, T Moritaka, Y Hara, H
Shimogawara, T Sano, Y Sakawa, Y Sato, K
Tomita, K Uchino, S Matsukiyo, Y Shoji, S
Tomita, S Tomiya, R Yamazaki, M Koenig, Y
Kuramitsu, “ Spatial and temporal plasma



evolutions of magnetic reconnection in
laser produced plasmas”

High Energy Density Physics, ,
vol.23, pp.15 (2017)

Y. L. Liu, Y. Kuramitsu, T. Moritaka,
S.H. Chen, “ Transition from coherent to
incoherent acceleration of nonthermal
relativistic electron induced by an
intense light pulse” , High Energy Density
Physics, , vol. 22, pp.46 (2017)

Yoshitaka SHOJI, Ryo YAMAZAKI, Sara
TOMITA,..., Toseo MORITAKA,...,“ Toward
the Generation of Magnetized
Collisionless Shocks with High- Power
Lasers” , Plasma and Fusion Research,

, vol. 11, pp.3401031 (2016)

Y. Kuramitsu, A. Mizuta, Y. Sakawa, H.
Tanji, T. lde, T. Sano, M. Koenig, A.
Ravasio, A. Pelka, H. Takabe, C. D. Gregory,
N. Woolsey, T. Moritaka, S. Matsukiyo, Y.
Matsumoto and N. Ohnishi,” TIME EVOLUTION
of KELVIN-HELMHOLTZ VORTICES ASSOCIATED

with COLLISIONLESS SHOCKS in
LASER-PRODUCED PLASMAS” The
Astrophysical Journal, , vol. 828

pp.93 (2016)

J. F. Ong, W. R. Teo, Toseo Moritaka,
H. Takabe,“ Radiation reaction in the
interaction of ultraintense laser with
matter and gamma ray source” , Physics of
Plasmas, , vol. 23, pp.53117 (2016)

“

Toseo Moritaka,

, vol.44 pp.602 (2016)

6

T. Moritaka, S. Abbott, C-S. Chang, T.
Koskela, S. Ku, M. Nunami and S. Ishiguro
, “ Optimization of the gyrokinetic
particle-in-cell code (XGC1) for
multi-core CPUs with cache memory” , The
27th International Toki Conference on
Plasma and Fusion Research & The 13th Asia
Pacific Plasma Theory Conference, Toki,
Japan (2017)

T. Moritaka, R. Hager, M. Cole, C-S.
Chang, S. Lazerson, S. Ku, and S. Ishiguro
S (X-point
Gyrokinetic Code, XGC)

" Plasma Conference 2017, Himeji,
Japan (2017)

T. Moritaka, R. Hager, M. Cole, C-S.
Chang, S. Lazerson, S. Ku, and S. Ishiguro

,” Implementation of non-axisymmetric
mesh system in the gyrokinetic PIC code
(XGC) for Stellarators” , 59th Annual
Meeting of the APS Division of Plasma
Physics, Milwaukee, USA (2017)

T. Moritaka, R. Hager, S. Lazerson, C-S.
Chang,, S. Ku, and S. Ishiguro,
“ Development of a Particle-In-Cell
Gyrokinetic  Code for Stellarator
Geometries” , US-Japan Joint Institute
for Fusion Theory (JIFT) Workshop on:
Multiscale Methods in Plasma Physics,
Boulder, USA (2017)

T. Moritaka, S. Abbott, C-S. Chang, T.
Koskela, S. Ku, and M. Nunami,” Porting
XGC to FX100” , 3rd US-Japan JIFT Workshop
on Innovations and co-design of fusion
simulations  towards extreme scale
computing, Kashiwa, Japan (2017)

Toseo Moritaka, Yasuhiro Kuramitsu,
Yao-Li Liu and Shih-Hung Chen, “ Structure
formation of directional plasma flow in a
weak perpendicular magnetic field” , 18th
International Congress on Plasma Physics
(ICPP 2016), Kaohsiung Taiwan (2016)

@
MORITAKA, Toseo






