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Studies on magnetic reconnection with a multi-hierarchy simulation model based
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In this research topic we aim to develop and improve a multi-hierarchy
simulation model based on the real-space decomposition method, and to clarify the interaction
between multiple hierarchies in magnetic reconnection by using the multi-hierarchy model.

We have performed the improvement and extension of the multi-hierarchy model such as employment of
an open boundary condition, implement of Coulomb collision, two-dimensional interlocking, and the
automatic conversion of domains with the adaptive mesh refinement method. By means of the
multi-hierarchy model, we have investigated the influence of dynamics in the macroscopic hierarchy
on microscopic physics of magnetic reconnection. It is observed that in one case, steady
reconnection with a single X-point is driven, and in another case, intermittent reconnection with
multiple X-points takes place. We have quantitatively obtained the tendency on the above influence.

MHD



< 0% W A8 —D 4 R5EE
M =/ 0% G RIS

1:
MPI
(MHD)
@
(PIC)
@
PIC (MHD )
PIC
PIC
PIC PIC

MHD




Tce= 17000

sk
,4;,

interface domain /

1.6 7

1.5 |4

14

p/po }g —
1.}
09 20 40 60 80 100 120 140 160
x/(clo,,)
0.9 1.6
2: PIC
PIC MHD
@
(MHD )
©)
(AMR)
*
3 MHD
PIC 2
2
-40 -20 0 20 40
z/(clo..)
3:
PIC MHD

®

(a) 0 t=1500

—
4:

x/(c/og)

MHD domain  [_] PIC domain

x/(c/o)
[ interface domain

©)

Q)

C))

pickup

x/(cloe)
[] MHD domain

x/(c/o,)

[] PICdomain [ interface domain

Hall
MHD

MHD PIC

PASMO

MHD

pickup

pickup



‘tuw-o-
jpppncecs
o e

e saly s ppasoosae

6: ()
Ey

6
Tomoya OGAWA, Shunsuke USAMI, Ritoku

HORIUCHI, Mitsue DEN and Kazuyuki
YAMASHITA: “ Multi-Scale Simulations of
Magnetic Reconnection Using
Particle-in-Cell and

Magnetohydrodynamics with Adaptive Mesh
Refinement Technique” , Plasma Fusion
Research 11, 2401096 (2016).
DOI:10.1585/pfr.11.2401096

S. Usami, R. Horiuchi, H. Ohtani, and M.
Den: “ Multi-Hierarchy Simulation of
Collisionless Driven Reconnection by
Real-Space Decomposition” , Journal of
Physics: Conference Series 561, 012021
(2014).
DO1:10.1088/1742-6596/561/1/012021

Tomoya Ogawa, Shunsuke Usami, Ritoku
Horiuchi, Mitsue Den, and Kazuyuki
Yamashita: “ Development of Simulation
Code Connecting Particle-in-Cell and
Magnetohydrodynamics on  Hierarchical
Mesh” , JPS Conference Proceedings 1,
016013 (2014).
DOI:10.7566/JPSCP.1.016013

Vol .89, 861-863
(2013).
http://ww. jspf.or.jp/Journal/PDF_JSPF/
Jspf2013_12/jspf2013_12-861.pdf
https://nifs-repository.repo.nii.ac.jp/
?action=repository_uri&item_id=16

S. Usami, R. Horiuchi, H. Ohtani, and M.

Den: *“ Development of Multi-Hierarchy
Simulation Model with Non-Uniform Space
Grids for Collisionless Driven
Reconnection” , Physics of Plasmas 20,
061208 (2013).

DO1:10.1063/1.4811121
https://nifs-repository.repo.nii.ac.jp/
?action=repository_uri&item_id=220

Ritoku Horiuchi, Mitsue Den, Takashi

Tanaka, Hiroaki Ohtani, and Shunsuke
Usami : “ Macro- and Microphysics of
Magnetic Reconnection in a

Multi-Hierarchy Open System” , Plasma
Physics and Controlled Fusion 55, 014008
(2013).
DO1:10.1088/0741-3335/55/1/014008

42
Studies
on proton effective heating in magnetic
reconnection by means of particle
simulations  The US-Japan Workshop and
School on Magnetic Reconnection (MR2017)
2017 3 19 22

Macro- and microscopic physics
of collisionless driven reconnection
18th International Congress on Plasma
Physics (ICPP2016) 2016 6 27 7

1

Improvement of the

Multi-Hierarchy Model for Magnetic
Reconnection Studies - Interlocking
between PIC and Extended MHD -  The 24th

International Conference on Numerical
Simulation of Plasmas (ICNSP2015) 2015
8 12 14

Multi-Hierarchy Simulation of
Collisionless Driven Reconnection by
Real-Space  Decomposition Joint
Varenna-Lausanne International Workshop
THEORY OF FUSION PLASMAS 2014 9 1

5

Multi-Hierarchy Simulation with 2D
Interlocking Scheme for Magnetic
Reconnection Study  23rd International
Toki Conference 2013 11 18 -21

Multi-Hierarchy Simulation for Magnetic



Reconnection - 2D Hierarchy-Interlocking
Model - 55
2013 11 11 -15

Development  of  Multi-Hierarchy
Simulation Model by MHD-PIC Interlocking

for Magnetic Reconnection 12th
International Workshop on the
Interrelationship between Plasma

Experiments in Laboratory and Space
(IPELS2013) 2013 7 1 5

Multi-Hierarchy Simulation of Magnetic
Reconnection - Hierarchy-Interlocking in
the Downstream Direction - 54

2012
10 29 -11 2

0

WEB
http://nsrp.nifs.ac.jp/index.html

WEB
http://fps.nifs.ac.jp/index.html
@

USAMI' Shunsuke
®

®

*



