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Collective alpha-particle effects in burning plasma
experiments.

N. N. Gorelenkov

��� �� � ��� � 	
 �� 
 
 ��� � �� � �� )

� 
 � �� � � � � �� 
 � � 
 �� � � �� �� 
 � � 

 � � 
 �

Burning Plasma Science Workshop,
11-13 December 2000, Austin, Texas.

PRINCETON PLASMA
PHYSICS LABORATORY



Critical Issues in Alpha physics for Burning Experiment

� � ��

Effects of Alphas in tokamak plasma can be grouped into:

1. single particle

2. collective

� Have to answer: Will alphas be con�ned in BP? How they will affect plasma per-

formance in BP?

1. single particle effects:

✓ Ripple losses: Present Dev. relevant -PD, and can be extrapolated to Burning

Plasma -BP.

✓ background plasma driven MHD activity (PD, BP)

2. collective:

✓ Fish-bone instability (PD, BP)

✓ AlfvØn instabilities (TAE/RTAE/EPM/KTAE/KBM) (PD, BP)

✓ High frequency AlfvØn instabilities (ST)

(energy channeling to increase performance???-BPST).



Can we use dimensionless parameters for extrapolation from PD to BP?

� � ��

Some conditions are qualitatively different from reactor/BP conditions:

1. Alphas distribution function is almost isotropic in BP then fast particle distributions
in PD

✓ In PD it is mostly trapped (ICRF) or passing (NBI): Pitch angle width of the
distribution is narrow �� � ��� for ICRF, �� � �� 	 for NBI.

✓ 
 anisotropy can change mode range through extra drive/damping.

� �
� � � � � � .

2. Machine size scale of � � ��� sets upper limit for AlfvØn Eigenmodes (AE) mode num-
ber and number of modes.

3. Combination of different factors, such as anisotropy and machine scale aree inter-
conneted with mode range and drive & particle transport.



Alpha effects on plasma macro-stability

� � ��

PD theory predict only trapped particle interaction with � � �� � ��

NOVA-K, NOVA-2 can predict effect of fast particles on ideal mode:

✓ Analysis of JET experiments demonstrates strong stabilization by ICRH, NBI, al-
phas of ideal mode.

✓ NOVA-K demonstrates � � stabilization in TFTR NBI heated discharges � �� �� �� ,
but not in JET � � � �� � � .
Also plasma rotation is important for NBI stabilization.

How well we can extrapolate sawtooth stabilization to BP?
Not understood:

✓ Passing particle stabilization as JT-60U experiments suggest.
Is it an � � stabilization or the trapped particle part of the distribution function issue?

✓ Onset of � � �� � �� mode and role of � � and � ��	 effects on the mode structure and
frequency.


 Need � 
� �� � � 
 � ��	 for succesfull stabilization of ideal mode, conditions (+anisotropic
DF) not observed in PD.


 Alphas effect on sawtooth in BP are challenge for the theory (BP relevant).



JT-60U observes strongly driven chirping Alfvén frequency modes.

� � ��

Y. Kusama, IAEA'98.
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