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Fishbone frequency/velocity;

EP toroidal velocity ~~
AEs phase velocity.

Heating & fusion ->
energetic particle

Fishbone -> EP loss ~ 10%
Alfven Eigenmodes-> EP loss ~ 70%

1.Heating efficiency -> long
pulse steady-state operation;
2. Reduction of EP destruction
to FW -> long-lived component;
3. a particle heating -> self-

sustained burning plasma. °




Fishbone mode
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Energetic ion and electron can interact with kink mode to form fishbone. 4




TAE: Toroidal Alfven Eigenmode Wond et al PRL 1091
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BAE: Beta induced Alfven Eigenmode
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BAE frequency is roughly half of TAE and decreases with 8, based on DIII-D experiments.|;
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Kinetic-MHD model in NIMROD
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Kinetic-MHD model in NIMROD

CI=alc-

e Momentum equation modified by hot particle pressure tensor:

p(al+v -vvsz xB—VP, — VP +V: oWV —V"

ot ’

Energetic particle effect Switch off
e Quasi-neutrality = n, =n;, + N,

e Steady state equation J  xB, =Vp,=Vp,,+Vp,,
— W, Is scaled to accommodate hot particles
— Scalar pressure requires isotropic velocity distribution

 Alternative J, current coupling possible
Kim et al POP 2008




Kink mode driven by slowing down EP
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TAE driven by Maxwellian EP using NIMROD
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Transition from TAE to EPM occurs as EP f3; increases. H




EAST NBI

EAST shot #48916 & energetic particle model in NIMROD
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Continuum & mode structure - n=2
NIMROD
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Main functions & progress of AWEAC
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AWEAC: Alfven Wave Eigen-Analysis Code

[0 Main functions:

® General tokamak geometry (asymmetric D shape); (achieved)

® Read equilibrium data (EFIT, TOQ, NIMEQ, etc.), output the
characteristic parameters and visualizations; (achieved)

® Output the Alfven continuum (BAEs, TAEs, EAEs,...) with different
mode number; (achieved)

® Achieve eigenmode growth rate and different damping rates, similar to
NOVA/NOVA-K; (under development)

® Density effect due to fueling; flow effect; (under preparation)

® Platform for eigen-analysis in tokamaks. (future goal)

15



ldeal MHD eigenmode equations

* Equilibrium eqgs. * Ideal MHD eigenmode egs.
JxB=VP w.v(aj:c[a)m[ & j
VXB:J gw 5@” V?;
V-B=0 E[vés)zlz[;l}

. Linearized ideal MHD egs. s\
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Cheng et al POP 1986, Hu et al POP 20146



Alfven wave continuum equations
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Benchmark of AWEAC with GTAW
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EAST shot #38300
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EP driven MHD modes with varied g,
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Kink/fishbone mode study of EAST shot #70187
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Kink/fishbone mode study of EAST shot #70187

Fishbone mode is suppressed as f3;increases.
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Conclusions & future works

(I="T -

O Conclusions:
® Kink/fishbone mode & TAE simulation using NIMROD has been

benchmarked with both eigenvalue codes and initial value codes for
both circular and EAST tokamaks.

® Transition from fishbone to BAE/TAE occurs as q, increases for EAST
shot #38300;

® BAE is hard to be excited by EP for flat g profile with g, less than 1.

O Future works:

® Simulations of fishbone and AEs on EAST/HL-2A based on experiment
parameters, with energetic ions;

® Nonlinear simulations of EP driven AEs or MHD instabilities on
EAST/HL-2A/ ITER/CFETR.
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