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Outline

o Simulations of beam-driven Alfven modes
INn NSTX

o Simulations of beam-driven GAM in DIII-D



NSTX observes that multi-mode TAE bursts can lead to
significant fast-ion redistributions/losses

150

Z)

H
—_
o
o

Frequency (k

NSTX 124781

o)
o
T

el AW R SOTT0 TG (LA Pk (7
J L[ La (|t I.'b?.‘ I:"f T R _[| N
| TR Y i) 0
|l Uil J
4 1|

. i

-

| 0 ]
i l:'.l'-_'-_l_;"-_ y

0

0

0.28

NSTY ——

jjﬁjj

Fredrickson et al,
this meeting.



M3D Particle/MHD Hybrid Model

d
pd—zz—?P—?-Ph—kJ}{B

J=V x B, %z—?xE

E+vxB=nl

P/t +v-P=—vPV . -v+ ...

P;, is calculated using gyrokinetic/drift-kinetic
equation (PIC method).



CGL pressure and gyrokinetic equations
e Pressure tensor
Py, ZPLI—l—(P” —PL)bb

f=26R — Ry)o(v) — v):)o(p — i)
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e Gyrokinetic Equations
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5f method ( f = f, + 8f=f,+g*w)

duw f 1 dfy

- = —(E—w)%g (B1)

The equilibrium distribution is expressed as a function of the constants of motion:

Jo= fo(P@_a E, ) (B2)

where Py is the toroidal angular momentum, £ the energy and p is the magnetic moment.

Then
dfo  dPy dfy dEOfy (B3)
dt  dt OP, dt OF
where
dE d<doB >
— —evy Mpy————
= eV <E>+Mp y (B4)
dP,  dX | doy . 0P,
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M3D Verification and Validation

e (Good agreement between M3D and NIMRQOD for
CDX-U sawteeth simulations;

e (Good agreement between M3D-K and NOVAZ2
for energetic particle stabilization of internal kink
and excitation of fishbone;

e M3D-K results of beam-driven TAES are
consistent with NSTX observations: mode
frequency and its chirping, mode saturation time
scale.



Non-linear single-mode TAE simulations
reproduce many features observed in NSTX data
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ot Datg  M3D Nonlinear Hybrid simulations:

‘ ‘ — Mode growth and decay times are approximately
50 - 100 ps

— Bursting/chirping results from:

* Non-linear modification of fast-ion
T distribution

» Change in mode structure
— Chirp Af/ f = 20% - consistent with experiment

Simulation

ﬂ ” n=2

time




Recent M3D hybrid
simulation results:

1) Alpha particle stabilization

of n=1 kink in ITER; /

(2) Nonlinear frequency chirping
of fishbone; 1.2m

A
v

(3) Beam-driven TAEs in DIII-D;

(4) Beam-driven TAEs in NSTX;\‘
(5) Beam-driven GAM in DIII-D

G.Y. Fu, 2004 IAEA Fusion Energy Conference
G.Y. Fu et al., Phys. Plasmas, 2006




Typical NSTX Parameters and Profiles

e R=8/cm, a=63cm, B=0.40T,
e (0)~1.6, q(a)~13, weakly reversed,

ﬁ(0)~20%’ Bbeam~Bthermal;
* Vpeam!Vaifven ~ 2 Ppeamf@ ~0.2






amplitude

Multi-mode simulations show strong
mode-mode Interaction.
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Strong Interaction between different modes

IS due to wave-particle resonance overlap

A=uB/E=0.6

Particles in resonance
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Energetic Particle-driven GAM

* Motivated by n=0 mode in JET and Berk et al’s
explanation of energetic particle-driven GAM,;

e More recent finding of n=0 mode driven by beam
lons in DIII-D and JET,

e M3D simulations show GAM-like mode can be
excited by energetic beam ions. This Is first direct
numerical demonstration of energetic particle
destabilization of GAM.



Excitation of GAM by beam 1ons In
DIlI-D




Evolution of electric potential
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M3D Results of n=0 mode

* The mode Is driven by anisotropic
distribution of beam i1ons (velocity space);

e The mode is mostly n=0/m=0;

* The mode frequency is slightly below the
local GAM frequency at the magnetic axis
Indicating EPM-like mode.



Summary

 Strong nonlinear coupling between multiple
modes due to resonance overlap for beam-
driven TAE modes in NSTX;

 First demonstration of energetic particle-
driven GAM In tokamaks.
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