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Introduction

We made the first numerical demonstration of TAE bursts with 
parameters quite similar to that of a TFTR experiment and closely 
reproduced many experimental characteristics [Y. Todo, H. L. Berk, 
and B. N. Breizman, Phys. Plasmas 10, 2888 (2003)]. 
These include:  a) the synchronization of multiple TAEs, b) the modulation 
depth of the drop in the stored beam energy, c) the stored beam energy. 
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co-injected beam part
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Objective

The saturation amplitude in the simulation is 
δB/B~2x10-2 at the mode peak while that inferred 
from the experimental plasma displacement is 
δB/B~10-3.
In the simulation, nonlinear MHD effects were not 
considered. The objective of this work is to 
investigate whether and which nonlinear MHD 
effects suppress the TAE saturation level. 



Guiding center approximation for 
energetic particles

u = v //
* + vE + vB

v //
* =

v //

B* [B + ρ//B∇ × b]

vE =
1
B* [E × b]

vB =
1

qhB* [−μ∇B × b]

ρ// =
mhv //

qhB
b = B /B

B* = B(1+ ρ//b ⋅ ∇ × b)

mhv//
dv//

dt
= v //

* ⋅[qhE − μ∇B]



Linear and nonlinear MHD Equations

  

∂ρ
∂t

= −∇ ⋅ (ρeqv)

ρeq
∂
∂t

v = −∇p + (jeq − ′ j heq ) ×δB + (δj−δ ′ j h ) × Beq
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3
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ω = ∇ × v  
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2
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∂B
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∂p
∂t

= −∇ ⋅ ( pv) − (γ −1) p∇ ⋅ v

+(γ −1)[νρω2 + 4
3
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j = 1
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∇ × B
r 
ω = ∇ × v

The viscosity and resistivity are ν=10-6vAR0 and η=10-6μ0vAR0 in this work. 



Energetic particle current density

′ j h = qh (v
//

* + vB ) fd 3v − ∇ × μf∫∫ bd 3v

Energetic ion current density without ExB drift:

parallel + curvature drift + grad-B drift magnetization current

The energetic ion pressures are calculated using the δf particle weight :

Ph //(x) = Ph // 0(x) + mhv// i
2 wi

i

N

∑ S(x − x i) ,

Ph⊥ (x) = Ph⊥0(x) B(x)
B0(x)

+ B(x) μiwi
i

N

∑ S(x − x i) .

In the linear simulation, change in the n=0 harmonics of energetic 
particle pressure is removed. 



Plasma profile

βh ≅ βh 0 exp[−(r /0.4a)2]
q ≅1.0 + 2.0(r /a)2

a /(vAΩh ) =11.1
R0 /a = 3.2
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Most unstable TAE (n=4) and Alfven
continuous spectra (n=4)
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Spatial profile of the most 
unstable TAE with n=4. 



Comparison between linear and nonlinear 
MHD runs

Energy evolution of each toroidal harmonic is plotted. 

(1) The energy saturation level of the n=4 harmonics is 
dramatically suppressed to 15% in the nonlinear MHD run. 

(2) The saturation levels are δBn=4/B~2x10-2 in the linear run and 
δBn=4/B~8x10-3 in the nonlinear run.

-1 10-5

0 100

1 10-5

2 10-5

3 10-5

4 10-5

5 10-5

6 10-5

0 50 100 150 200 250 300 350 400

n=0
n=1
n=2
n=3
n=4
n=5
n=6

ωAt

ε n/ε
m

ag

-1 10-5

0 100

1 10-5

2 10-5

3 10-5

4 10-5

5 10-5

6 10-5

0 50 100 150 200 250 300 350 400

n=0
n=1
n=2
n=3
n=4
n=5
n=6

ωAt

ε n/ε
m

ag

Linear MHD Nonlinear MHD



Comparison in q profile and Alfven continuous spectra 
with n=4 in the nonlinear run

ωAt=0 
ωAt=280: after the saturation 

q-profile steepening at the 
TAE gap. 
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Generation of n=0 poloidal flow (zonal flow) in the 
nonlinear run

(1) Poloidal flow with m/n=0,1/0 is generated (left panel; 
similar to [Spong et al., Phys. Plasmas 1, 1503 (1994)]).

(2) The poloidal flow sharply peaks near the peak of the 
TAE (right panel).  
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Comparison in energetic ion transport 
between linear and nonlinear MHD runs

Energetic ion beta profiles are plotted for t=0 and ωAt=419 for 
the linear and nonlinear runs. Particles are lost at r/a=0.6 for
consistency with the δf scheme and for numerical stability. 

Energetic ion transport is also suppressed by the nonlinear 
MHD effects. 
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Comparison between the nonlinear run and a nonlinear 
run where only n=0 and 4 harmonics are retained

These results indicate that the nonlinear 
suppression effects arise through the n=0 
harmonics. 
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Nonlinear run where only n=0 and 4 harmonics are 
retained and n=0 velocity field is removed

(1) These results indicate that the suppression effect arises through 
the change in the n=0 harmonics of the magnetic field (δBn=0). 

(2) The δBn=0 is generated by En=0=-vn=4xBn=4 because there is no 
vn=0. 

(3) The n=0 velocity field relaxes δBn=0 and the suppression effect. 
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Summary
Linear and nonlinear MHD simulations are compared 
for toroidal Alfven eigenmode (TAE) evolution. 
A suppression effect on TAE saturation level was 
observed in the nonlinear MHD run. The saturation 
level at the mode peak was δBn=4/B~8x10-3 in the 
nonlinear run for the initial condition where  
δBn=4/B~2x10-2 in the linear run. 
The suppression effect arises through the change in the 
n=0 harmonics of the magnetic field (δBn=0). 
The δBn=0 is generated by En=0=-vTAExδBTAE .
The n=0 velocity field relaxes δBn=0 and also relaxes 
the suppression effect. 



A. Papers for the meeting CD-ROM (proceedings)
Put a PDF file of your proceedings paper in a PC on the 

registration desk. 
File names: "paper number"-"first author's family name".pdf .

B. Presentation materials
Contributors by poster are requested to put the presentation 

materials (PDF or PPT) in the same PC for the proceedings.
File names: 

"paper number"-"first author's family name"_poster.pdf
(or .ppt).

The materials for the invited and oral presentations will be 
collected from the presentation PC. 


	Nonlinear MHD effects on the Alfvén eigenmode evolution
	Outline
	Introduction
	Objective
	Guiding center approximation for energetic particles
	Linear and nonlinear MHD Equations
	Energetic particle current density
	Plasma profile
	Most unstable TAE (n=4) and Alfven continuous spectra (n=4)
	Comparison between linear and nonlinear MHD runs
	Comparison in q profile and Alfven continuous spectra with n=4 in the nonlinear run
	Generation of n=0 poloidal flow (zonal flow) in the nonlinear run
	Comparison in energetic ion transport between linear and nonlinear MHD runs
	Comparison between the nonlinear run and a nonlinear run where only n=0 and 4 harmonics are retained
	Nonlinear run where only n=0 and 4 harmonics are retained and n=0 velocity field is removed
	Summary

