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How to create burning plasmas?
good confinement
sufficient stability
efficient heating

What is new in burning plasmas?
highly autonomous
energetic particles

high heat flux

How to control burning plasmas?
burning control
stability control
ELM control

Burning Plasma Research



What is new in burning plasmas?
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What is new in burning plasmas?

Highly autonomous
Burning Plasma
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What is new in burning plasmas?

Highly autonomous
Steady-State Burning Plasma

RF

NBI

Pellet
Injection

Heating

Current
Drive

Rotation
Drive

Fueling

Pressure
Profile

Current
Profile

Rotation
Profile

Fuel Ion
Profile

Bootstrap
Current

Induction

Alpha 
Heating

Turbulent
Transport



What is new in burning plasmas?

Energetic Particles
Particle phenomena
Plasma heating
Orbit loss

Collective phenomena
Alfvén eigenmode
Channeling

High Heat Flux
SOL and divertor plasma
Plasma-wall interaction



Role of Simulation in Burning Plasmas

First principle simulation
•Turbulence   gyrokinetic simulation
•Global instability extended MHD

Component simulation
•Transport phenomena (core, SOL, diverter)
•MHD phenomena (RWM, NTM, Sawtooth, ELM, ...)
•Wave-particle interaction (EC, LH, IC, AE)

Integrated simulation
•Integration of various physical phenomena



Integrated Burning Plasma Simulation



BPSI: Burning Plasma Simulation Initiative

Research Collaboration among Universities, NIFS and JAEA

since 2003



Targets of BPSI
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TASK: as a core code of BPSI



TASK code



Modules of TASK code
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Transport Simulation of ITER



Turbulence transport models

Linear + γL/k⊥2
Multi Mode Model
Weiland model

Linear + Zonal Flow
Gyrokinetic models

Fluid models

Linear+ZF+NL Sim
GLF23 (ITG,TEM)

Gyrokinetic simulation
Particle simulation
Vlasov simulation

Self-sustained 
Turbulence

CDBM



Improved Confinement
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CDBM05 Transport Model



Quasi steady-state operation of ITER



Full Wave Analysis: TASK/WM



Analysis of Alfvén Eigenmode



Excitation by Energetic Ions



Integrated Analysis of AE in ITER
Standard H-mode Operation



AE in Standard H-mode Operation



Summary

• Analyses of burning plasmas require systematically 
integrated simulations which consist of a number 
of components describing various phenomena. 

• Turbulent transport and nonlinear effects of MHD 
phenomena require first principle simulations which 
will clarify the physical mechanisms. 

• The activity to develop burning plasma simulations, 
BPSI in Japan, is in progress based on TASK and 
TOPICS.


