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|. Research Background & Objectives V1. Simulation Results
* Understanding the interplay between energetic particle and MHD wave (Energetic : , :
particle driven mode) Is important to achievement a self-sustainable fusion plasma. A. Observation of Global Alfven elgeande :
« MEGA! code solves time evolution of energetic particle-driven mode in real space. ' —— S —
: : st I/mM=2/4 GAE T_m=an=2 g * Use wider EP | ——m=2rl
— Successfully apply to Tokamak and planar axis stellarator/heliotron (LHD). .l ——m=3n=2 || . soatial gradient —miacs -
* Objective of this study Is to apply MEGA code to study EP-driven mode In advanced 2 ——m-lonsey | -y
stellarator/heliotron configuration (Heliotron J). < — A : —
1. Clarify the interplay between the energetic particle and MHD wave in low % os) A Y, i e N
equilibrium field period stellarator. ool b b % o P ——
2. Demonstrate nonlinear hybrid simulation in helical axis stellarator/heliotron. L.
r/a r/a
1. Numerical Model : MEGA* (E—— ' ' (e
* Hybrid simulation model, where bulk plasma and energetic particle are presented >* o | ] B 1L
by full MHD equations and drift kinetic equations, respectively. N | | e ' T | |
A. Full MHD Equations B. EP Drift Kinetic Equations oy ' ' FAYVIRN “ m il ~sarmnee.
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f" 4 . “ Fig. 6.1: (a) Spatial profile of radial velocity Fig. 6.2: (a) Spatial profile of radial velocity
—Vp — [\7 X (VpV X v) + S V(vpVl - v)] av; v [= mav| . harmonic of [n| = 2 toroidal mode family. harmonic of [n| = 1 toroidal mode family.
(2) MaV|| =7 = 1B*| (Za“Bll) BV X b] Time evolution of (b) amplitude, cosine and sine and Time evolution of (b) amplitude, cosine and sine and
(3) Z_p =-V-(pv)—(y—-DpV-v.. . [ZaE B ,uVB] (c) frequency of n/m=2/4 radial velocfity harmonic (c) frequency of n/m=2/4 radial velocity harmonic
+7 (VXB —J )6f+ vp(y — DV X D)2 .. ) o = ooy } * n/m=2/4 was observed as a single » |n| = 1 toroidal mode filter is applied to
Fup(y = D - 52 + 177 V' =I5y ([B + (za||3||) BV x b] poloidal dominant mode. reduce numerical noise.
BXE B — Verify as Global Alfvén eigenmode. - Significantly lower growth rate than
B — N N _— 3 - - ; _
@2 - _y x E; (5) u,J=V xB Zoe] B*”)f dv> +V XM ~ Validate with experiment and good n/m=2/4 GAE. |
ot B agreement with the continua. — Localized in the core region.
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B. Energetic Particle Dynamics :

Heliotron J is a low shear helical axis I IR RN - ercing
o heliotron with 4 equilibrium field period. _ . .
% . — Global Alfvén eigenmode (GAE)?23 | ' y "R
§150 — Energetic Particle mode (EPM)?23
E 100 - Low frequency Alfvénic mode (BAE?)? i3
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%;].5— s J ' £ E 6 N J}J_.-D--Hu_jn Fig. 6.3: Total Distribution (f) of energetic particle Fig. 6.4: Perturbed distribution (6f) of energetic
R ™ LT e B af L at the saturation point of n/m=2/4 GAE. particle at the saturation point of n/m=2/4 GAE.
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Fig. 3.1: Power spectrum density of magnetic probe Fig. 3.2: Density fluctuation signal from BES for energetlc partICIeS with VeIOCIty of \ . /
signal and time evolution of plasma parameters. (a) f=78-108 kHz and (b) f=120-155 kHz 0.13V,,, 0.18v,, and 0.3V . w — (Tl + ]vap)a)¢ — lwg = 0
~ Neglect toroidal mode coupling (j=0) A [5]
WR WR Toroidal Mode
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5 7 |+ No net plasma current. F 5o * n/m=2/4 Global Alfven eigenmode has been destabilized in nonlinear hybrid
R L (L) =~ 0kA i simulation model and benchmarked with experimental observation from
-0.1 ; | { | . . . . . - - - -
| | 250 e — magnetic probe and density fluctuation signal from BES.
0.15 Fig. 4.1: Poincare plot of Mode Family = +2 ) _ _ _ _ _ _
equilibrium magnetic field at corner ~ §200f ™ =22 \/ «  Global Alfvén eigenmode in Heliotron J was coupled with energetic particle
' ' — m/n = 11/6] - - - -
_ section of Hefiotron J 150 b= 60 - with the energy of 0.13v,,, 0.18v_,and 0.3v,, for far passing particle.
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S 100 * — For passing particle, this energy ranges correspond to drift harmonic
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Fig. 4.2: Equmbrl_u_m rotatlonal tr_ans_form profile of the Fig. 4.3: (a) Ehear A_vaen contlnua_f_or n=1 o Hybrld simulation code MEGA has been mcorporated in Heliotron J conflguratlon.
equilibrium magnetic field. and (b) n=2 toroidal mode families. , _ . : : : :
V' Equilibri = tic Particle Distributi ] * Global Alfvén eigenmode has been reproduced in the simulation, while energetic
: quUITibTIuMm Energetic Farticie DISrivution . particle mode (EPM) was not observed.
« Bump-on-tail energy distribution is utilized due to finite charge exchange loss». _. n/m=1/2 oscillation was observed with low amplitude.
« Destabilization effect from spatial, velocity oc s fa 3y A — kB * Toroidal mode coupling effect in Heliotron J (low equilibrium field period) will be
and pitch angle gradient are included. Y2 %5 a9 'Y T F studied with filter.

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