
  
  

We studied two subjects, 1) high-frequency energetic 
particle driven geodesic acoustic mode (EGAM) in LHD, 
and 2) validation of comprehensive magnetohydrodynamic 
hybrid simulations for Alfvén eigenmode (AE) induced 
energetic particle transport in DIII-D plasmas. For subject 1, 
we clarified the excitation condition and the properties of 
the high-frequency EGAM observed in LHD1). In this article, 
we focus on subject 2.  

A multi-phase simulation2), which is a combination 
of classical simulation and hybrid simulation for energetic 
particles interacting with a magnetohydrodynamic (MHD) 
fluid including neutral beam injection, slowing-down, and 
pitch angle scattering, was applied to DIII-D discharge 
#142111 where the fast ion spatial profile is significantly 
flattened due to multiple Alfvén eigenmodes (AEs). The 
large fast ion pressure profile flattening observed 
experimentally was successfully reproduced by these first of 
a kind comprehensive simulations3). Temperature 
fluctuations due to three of the dominant toroidal Alfvén 
eigenmodes (TAEs) in the simulation results were compared 
in detail with electron cyclotron emission measurements in 
the experiment. It was demonstrated that the temperature 
fluctuation profile and the phase profile are in very good 
agreement with the measurement, and the amplitude is also 
in agreement within a factor of two3). This level of 
agreement validates the multi-phase hybrid simulation for 
the prediction of AE activity and alpha particle transport in 
burning plasmas.  

For the prediction of AE activity and energetic 
particle transport in burning plasmas, validation of 
simulations on the present experiments are important and 
indispensable. We have improved the simulation model 
from that used in Ref. 2 on two aspects; (1) we use an 
extended MHD model with thermal ion diamagnetic drift, 
and take account of the equilibrium toroidal flow; (2) we 
employ a more realistic beam deposition profile and power 
with the half and third beam energy components in addition 
to the full energy component. The total beam deposition 
power is increased to 6.25MW from 4.95MW used in Ref. 2.  

Figure 1 compares the fast ion pressure profiles 
among the multi-phase simulation and the classical 
simulation, and the experiment. The fast ion pressure profile 
in the experiment is inferred from the Motional Stark Effect 
(MSE) constrained equilibrium reconstruction and the 
subtraction of the thermal pressure. We see in Fig. 1 that 
significant flattening of fast ion pressure profile takes place 
in the multi-phase simulation. Figure 2 compares the 

electron temperature fluctuations for the n = 3 TAE with 
those observed with the ECE measurements in the 
experiment. We see very good agreement in Fig. 2(a) for 
amplitude profile and absolute amplitude. We have also a 
remarkable agreement in phase profile shown in Fig. 2(b). 
The spatial variation of the phase indicates the shearing 
profile of electron temperature fluctuation in the poloidal 
plane. The shearing tail at the edge region is leading the 
rotation of the TAE.  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Comparison of fast ion pressure profile among 
multi-phase simulation (circle), classical (triangle) 
simulation, and experiment (square) with an error bar 
shown in the figure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Comparison of (a) electron temperature 
fluctuation profile and (b) the phase profile for n = 3 
between simulation and experiment. Left vertical axis 
is for simulation, while right for experiment in panel 
(a).  
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outer region, R>4.6m because of increase of the plasma 
source in the core and decrease of recycling flux.

“Plasma-wall interaction group” investigates 
dynamical process on the surface of plasma-facing 
materials such as chemical spattering of divertor plate 
and yielding hydrocarbon, by means of molecular 
dynamics (MD) simulation, and its extended model. 
To analyze the formation process of the tungsten 
nano-structure generated by the bombardment of 
helium ions, a hybrid simulation model has been 
developed, in which the diffusion of the helium atoms 
are simulated as simple random walk, while the 
deformation of the tungsten materials due to stress 
from helium bubbles are simulated by the MD. The 
hybrid simulation has successfully reproduced the 
formation process of the tungsten nano-structure.   

“Multi-hierarchy physics group” studies complex 
multi-hierarchy phenomena relating to fusion plasmas 
by developing various multi-scale or multi-hierarchy 
models and numerical techniques. The influence of 
macroscopic dynamics on microscopic physics of 
magnetic reconnection has been examined using the 
MHD-PIC interlocking model. An extended MHD 
simulation with two-fluid and finite Larmor radius
effects has clarified that the secondary KH instability 
appears due to strong flow shear in the nonlinear phase
of RT instability.

“Simulation science basis group” aims to develop 
innovative analysis tools of complex simulation data 
such as scientific visualization on CompleXcope, and 
various numerical techniques for utilizing powerful 
supercomputing resources. The task group has
developed a visualizing tool for the simulation results 
such as magnetic field obtained from HINT2 code, and 
the interface tool to read the experimental data of dust 
trajectories in LHD and visualize them in the 
virtual-reality space with the software Virtual LHD.

“Integrated transport simulation group” works on 
the development of core transport code in 3D 
configuration (TASK3D) and its application towards 
prediction of the overall time evolution of observable 
physics quantities in the core plasma. Integrated 
transport analysis suite, TASK3D-a (Analysis version), 
has been developed for conducting automated energy 
confinement analyses for NBI plasmas in LHD. Recently, 
further extension has been conducted such as including 
ECH ray-tracing codes and the module for creating ascii 
files to be registered onto the International 
Stellarator-Heliotron Confinement Database. Inclusion 
of ECH ray-tracing code can significantly enhance 
systematic energy transport analysis of ECH- (and NBI-) 
heated LHD plasmas. 

A large-scale computer system, the Plasma 

Simulator PS is a high-performance computer system 
to support the studies in confinement physics of fusion 
plasmas and their theoretical systematization, the
exploration of science of complexity as the basic
research, and other collaborative researches to advance 
and establish simulation science. The main system is 
HITACHI SR16000 model M1, which has the total 
peak performance 315TFlops and the total main 
memory 40TB. The Plasma Simulator was ranked as 
the 186th in the world on the TOP500 List of the 
high-performance computers. LHD Numerical Analysis 
Server (LNAS) is used primarily for the LHD 
Experiment Project and its related simulation projects, 
and the research collaboration with the universities and 
the institutes. The LNAS (HITACHI SR16000 model 
XM1) consisted of four nodes. The peak performance 
and the main memory of each node are 844.8Gflops and 
128GB, respectively. The computer working group has 
continuously worked to support various collaboration 
research activities with utilizing the large-scale 
computer systems under the NIFS collaboration 
programs.

The social events and other academic activities 
including the plasma simulator symposium, the Toki 
lectures on simulation science, symposium on 
hierarchy and holism in natural sciences, training 
course on the NIFS computer systems, and various 
domestic and international workshops were hosted to 
provide the opportunity for scientists to exchange 
opinions and academic information on fusion 
simulation science and for students to learn plasma 
physics and fusion simulation science.

Figure 1:  Concept of the Numerical Simulation 
Reactor Research Project. 
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