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Fig. 5.1: Energetic particle equilibrium (a) spatial, (b) energy and pitch angle distributions
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B.  EP Drift Kinetic Equations

Hybrid Simulation of Global Alfvén Eigenmode and Energetic Particle 

Mode in Heliotron J, a Low Shear Helical Axis Heliotron 
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I. Research Background & Objectives
• Understanding the interplay between energetic particle and MHD wave (Energetic 

particle driven mode) is important to achievement a self-sustainable fusion plasma.

• MEGA1 code solves time evolution of energetic particle-driven mode in real space.

→ Successfully apply to Tokamak and planar axis stellarator/heliotron (LHD).

• Objective of this study is to apply MEGA code to study EP-driven mode in advanced 

stellarator/heliotron configuration (Heliotron J).

1. Clarify the interplay between the energetic particle and MHD wave in low 

equilibrium field period stellarator.

2. Demonstrate nonlinear hybrid simulation in helical axis stellarator/heliotron.

A.  Full MHD Equations

VI. Simulation Results

III. Experimentally Observed Energetic Particle-driven Mode

IV. MHD Equilibrium, Shear Alfvén Continua : 

VII.Discussion

B. Energetic Particle Dynamics : 

• n/m=2/4 GAE is destabilized by 

energetic particles with velocity of 

0.13vA0, 0.18vA0 and 0.3vA0. 

II. Numerical Model : MEGA1

• Hybrid simulation model, where bulk plasma and energetic particle are presented 

by full MHD equations and drift kinetic equations, respectively.

n/m=2/4 GAE

n/m=1/2 EPM

#61568

A. Observation of Global Alfvén eigenmode : 

f

• n/m=2/4 Global Alfvén eigenmode has been destabilized in nonlinear hybrid  

simulation model and benchmarked with experimental observation from 

magnetic probe and density fluctuation signal from BES.

• Global Alfvén eigenmode in Heliotron J was coupled with energetic particle 

with the energy of  0.13va0, 0.18va0 and 0.3va0 for far passing particle.

→ For passing particle, this energy ranges correspond to drift harmonic 

l of +5, +6 and +7, respectively, which corresponds to sideband resonance.

VIII. Conclusion & Future Works 

• Hybrid simulation code MEGA has been incorporated in Heliotron J configuration.

• Global Alfvén eigenmode has been reproduced in the simulation, while energetic 

particle mode (EPM) was not observed.

→ n/m=1/2 oscillation was observed with low amplitude.

• Toroidal mode coupling effect in Heliotron J (low equilibrium field period) will be 

studied with filter.

• New methodology will be developed to simulate the Alfvén eigenmode in the 

peripheral plasma region.  

→ Full-f & finite energetic particle pressure in the vacuum region.

Fig. 6.3: Total Distribution (f) of energetic particle 

at the saturation point of n/m=2/4 GAE.
Fig. 6.4: Perturbed distribution (𝛿𝑓) of energetic 

particle at the saturation point of n/m=2/4 GAE.
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Fig. 4.1: Poincare plot of 

equilibrium magnetic field at corner 

section of Heliotron J

Fig. 4.2: Equilibrium rotational transform profile of the 

equilibrium magnetic field.

Fig. 4.3: (a) Shear Alfvén continua for n=1 

and (b) n=2 toroidal mode families.

Fig. 3.1: Power spectrum density of magnetic probe 

signal and time evolution of plasma parameters.

Fig. 3.2: Density fluctuation signal from BES for 

(a) f=78-108 kHz and (b) f=120-155 kHz

• Heliotron J is a low shear helical axis 

heliotron with 4 equilibrium field period.
→ Global Alfvén eigenmode (GAE)2,3

→ Energetic Particle mode (EPM)2,3

→ Low frequency Alfvénic mode (BAE?)4

n/m=2/4 

GAE

n/m=1/2

EPM

𝝏𝒇𝒗

𝝏𝒗
> 𝟎

𝝏𝒇𝒗

𝝏𝒗
> 𝟎

V. Equilibrium Energetic Particle Distribution :
• Bump-on-tail energy distribution is utilized due to finite charge exchange loss5.
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,
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• Destabilization effect from spatial, velocity

and pitch angle gradient are included.
, 𝛬 =

𝜇𝐵

𝐸

Fig. 6.1:  (a) Spatial profile of radial velocity 

harmonic of |n| = 2 toroidal mode family.

Time evolution of (b) amplitude, cosine and sine and 

(c) frequency of n/m=2/4 radial velocity harmonic

• n/m=2/4 was observed as a single 

poloidal dominant mode.

→ Verify as Global Alfvén eigenmode.

→ Validate with experiment and good 

agreement with the continua.

• |n| = 1 toroidal mode filter is applied to 

reduce numerical noise.
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Fig. 6.2:  (a) Spatial profile of radial velocity 

harmonic of |n| = 1 toroidal mode family.

Time evolution of (b) amplitude, cosine and sine and 

(c) frequency of n/m=2/4 radial velocity harmonic

→ Significantly lower growth rate than 

n/m=2/4 GAE.

→ Localized in the core region. 

→ Not an experimental observed EPM.

* Use wider EP 

spatial gradient

Constant 

𝝁 line 

→ Neglect toroidal mode coupling ( j=0 ) [5]
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Energetic particles loss 

energy by interacting 

with GAE.
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