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Simulation Research in Japan

2

UniversitiesNIFS JAEA

BPSI

TASK/H       　         TASK TOPICS

NEXT
Hierarchy model based 

approach

Integrated model based 

approach

Burning 

simulation 

code
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Multi-Scale Simulations in NIFS

3

NIFS: National Institute for Fusin Science

Integrated model based approach

TASK/H
3D Helical Extension of 

Integrated modeling code TASK

Hierarchy model based approach

MINOS: MHD simulation code
MEGA: MHD & EP hybrid code

CAP: multi-phase fluid code
GKV: gyrokinetic-Vlasov code

etc
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電子イオン

NEXT ：Numerical Experiment of Tokamaks

MHD

Principle based fusion research through advanced computation

NEXT

Boundary Layer

Transport



Key code development covering plasma dynamics 
                            with wide spatio-temporal scales  

Internal kink affected by 
ballooning mode

Ti

•MHD

•ion

•electron

•skin 
•size 

Normal magnetic shear Zonal-φZonal-Α

Reversed magnetic shear 

Compressible nonlinear 
MHD code using finite 

volume methd

Electromagnetic Gyro- 
Fluid toroidal code

Global Gyro-kinetic 
toroidal ETG code

NEXT



Code Development in NEXT Project

 Qualitative and quantitative prediction 
             in each physical layer
 Connection among different layers

Systematic development of codes 
under toroidal geometry
Purpose： real shape and size
                 0pen system

Transport simulation

ion

Electron 
dynamics

Real shape 
and size

Collision and
dissipation Open system

(Energy input)

electron

Finite volume 
spectrum code

Nonlinear MHD simulation
Unstructured

mesh

High energy
Particle effect

High resolution with 
structured mesh

Boundary layer and diverter simulation

Particle code
（PARASOL）
Plasma

Fluid code

Neutral 
(NEUT2D)

impurity
(IMPMC)

Plasma : drift and kinetic effect

Neutral particle ：
      atomic and molecular process



First-Principle Simulation Code Cluster 
(NEXT project in JAEA)

MHD Linear 
Stability

MARG2D
ERATO

Ideal MHD 3D toroidal

AEOLUS Resistive MHD 3D toroidal
Nonlinear 
simulation

MHFVSP Compressible 3D, 3D toroidal
ALSTOR_NEO Reduced set 3D, 3D toroidal

Core
Transport

Nonlinear
turbulence
simulation

R5F
GFS

Landau fluid
model

3D, 3D toroidal
3D local

G3D, GT3D 
  ρi scale, ρe scale

Gyro kinetic
model

3D, 3D toroidal

DIVERTOR SOL-divertor
simulation

SONIC 
(SOLDOR + NEUT2D
 + IMPMC)

Integrated
divertor code

2D toroidal

PARASOL Particle model 2D (2D toroidal)



Target problem of fusion plasma simulation

Present simulation
 Small machine size
 Scale separation between ion turbulence 

and electron turbulence
 Computational resource → 0.5TFlops

Target simulation
 “ITER” relevant realistic configuration
 Overcome different scale hierarchy via 

computational resources
 Computer resource → 1~10PFlops

plasma radius a
ion gyro radius ρi

~ 150

a/ρi = 500~1,000

Ion/electron scale turbulence in
 “ITER” relevant configuration

ion scale turbulence

electron scale turbulence
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Strategy for Burning Plasma Research

Burning Plasma Simulation Code Cluster

Transport code 
TOPICS

Heating and Current 
Drive

 Edge Pedestal

 Impurity Transport

 Divertor

High Energy Particle

 MHD

Va
lid

at
io

n 
of

 
M

od
el

in
g 

an
d 

In
te

gr
at

io
n

JT-60 Experiments
and database

  - Heat and particle transport 
     property
  - MHD phenomena and 
     instability
  - Divertor property
  - High energy phenomena

Simulation base on 
the first principle

  - Turbulence simulation
  - MHD simulation
  - Divertor simulation

Fundamental Researches



Burning Plasma Simulation Code Cluster in JAEA

Tokamak Preduction and Interpretation Code
  Time dependent/Steary state analyses
  1D transport and 2D equilibrium  Matrix 
  Inversion Method for NeoClassical Trans.

ECCD/ECH (Ray tracing, Relativistic 
F-P), NBCD (1 or 2D F-P)
1D transport for each 
impurities,Radiation: IMPACT

Perp. and para. transport in SOL 
and Divertor, Neutral particles, 
Impurity transport on SOL/Div. :
SOLDOR, NEUT2D, IMPMC
Tearing/NTM, High-n ballooning,
Low-n: ERATO-J, Low and Mid.-n 
MARG2D

Transport by α-driven instability:OFMC

Transport code TOPICS

Heating & Current Drive

 Edge Pedestal

 Impurity Transport

 Divertor

 MHD

High Energy Behaviour



Transport Model for ITB
Sharp reduction of anomalous transport in RS region (k ~ 0) can  
reproduce JT-60U experiment of strong RS current-hole plasmas 

Transport becomes neo-classical level in RS region, which results in the
autonomous formation of ITB and strong RS through large bootstrap current.  

(N. Hayashi et al., Nucl. Fusion 45 (2005) 933)





Simulation of ELM

2D Equilibrium 
data

Linear stability of finite n modes (from low to high) by MARG2D
2D Newcomb equation is solved with parallel computer 

S.Tokuda, Phys. Plasmas 6 (8) 1999

1.5D Transport code: TOPICS
1D transport equations : 

1D current diffusion equation :

2D MHD equilibrium : Grad-Shafranov equation

ELM model：enhance the   
                       transport

Eigenvalue and eigenfunction

€ 

∂
∂t

3
2
n jTj

 

 
 

 

 
 =

∂
V '∂ρ

V ' ∇ρ
2 n jχ j

∂Tj

∂ρ

 

 
 

 

 
 + Pj

€ 

j = e,i( )

€ 

V ' =
dV
dρ

€ 

∂
∂t

ρ
∂Ψ
∂Φ

 
 

 
 =

∂
∂ρ

D
∂
∂ρ

E
∂Ψ
∂Φ

 
 

 
 − S( jBS )

 
 
 

 
 
 

Impurity :  C6+, Timp=Ti, assumed profile Zeff

ρ = (Φ(ρ)/Φ(1))0.5
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ELM Model
• The stability is examined in each iteration step of TOPICS. 

– When the plasma is unstable, the thermal diffusivity increases according to 
the eigen-function.

– When the mode becomes stable, χELM=0. 

Eigen function of 
unstable mode of n=7

€ 

χ i = χe = χneo,i + χano + χELM

€ 

χELM =1000[m2 /s]× f eig (ρ)
2

ρ

χi

0

0.2

0.4

0.6

0.8

1

0.5 0.6 0.7 0.8 0.9 1

eigen.tbl

ξr

€ 

˜ ψ 

m=32

31

30

33



Collapse and Recovery of Ti

• n=7 mode becomes unstable at 1.7. The other 
modes are stable (n=1-6, and 8-20).

• The heat conductivity increases according to the 
eigen function.

• The pedestal of the ion temperature is degraded.
– The instability was checked when the shoulder of 

Ti relaxed by 80%.  ΔW/Wped ~0.23
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Plasma 2D Fluid Code
  SOLDOR 
Neutral MC Code
 
  NEUT2D 
Impurity MC Code
 
  IMPMC 
Particle Simulation Code
  PARASOL 

SOL/Divertor Codes in JAEA

Fundamental Physics

Analysis / Prediction



Z 
(m

)

ne

Z 
(m

)

R (m)

Te
1 eV

2 eV
5 eV 50 eV

100 eV

10 eV

R (m)

SOLDOR/NEUT2D Simulation
Simulation realizes X-point

MARFE in JT-60U 
with high ne and low Te

Pumping efficiency
increases with small
dgap and Ls.
Divertor control by
pumping is 
possible.   

Ls

dgap

pumping
room pumping

room

Divertor design for JT-60 
modification
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SOLDOR/NEUT2D is now used for the 
ST divertor design by Kyushu university.
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