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Kinetic theory, including thermal and energetic particles,
can explain experimental results

Motivation

RWM stabilization is key for disruption-free operation of a
low rotation, low collisionality, low |, future devices

Outline

e XP1020 Results

— RFAindicates weakened stability at intermediate w,,
— Reduced |. plasmas more stable?

e Towards unification of theory and experimental results
— NSTX and DIII-D results consistent with kinetic theory

e New analysis of the effect of collisionality on stability

— Important for future devices, NSTX-U
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A scalar critical plasma rotation model can not explain RWM
stability; it depends on the w, proflle
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MISK calculations show reduced stability in low |. target
plasma as w,, is reduced, RWM instability is approached

e Stability evolves
— |. increases in time as RWM

instability is approached,
but remains low (I. = 0.42)

— MISK computation shows

plasma to be stable at time
of minimum |,

— Region of reduced stability

vs. wy, found before RWM
becomes unstable (l. = 0.49)

e Co-incident with a dropin
edge density gradient —
reduces kinetic stabilization
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Model of kinetic modifications to ideal stability can unify

RWM stability results between devices

" DIl-D (rescaled) ~~ " 'NSTX | e Observed, NSTX:

— RWM can cross marginal point as

thermal ions]
. w,, is varied
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— e o
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------------------- ] — RFA can increase in stable plasmas

™~ energetlc partlcles (EP%)"; at intermediate Wy,

.0

02 04 06 08 10 12 14 16° Observed, DIll-D:
®, /o, — RWAM stable at all wy, but RFA can

210 a increase in at intermediate Wy,
% 2 | — RWM destabilized by events that
1 4 reduce EP population
1:2 [M. Okabayashi et al., Nucl. Fusion (2009)]
(1)2 ,, . e Explanation:
0:6 ‘, ‘Tw”O-l — Both have rotational resonances
0.4 : between the mode and thermal ion
8% | expenmentl 2 precession drift.
[ N S — DIII-D has a higher EP fraction than
02\ 04 06 08 10112 14 16 o 5 L ;
®, /0 NSTX, leading to higher stability.
unstable — [S. Sabbagh et al., IAEA FEC 2010, EXS/5-5]
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Advancements in the theoretical model continue

Electrostatic effect

The electrostatic component of the perturbed
distribution function contributes to 8W. This effect
is likely to be small, however.

1 2 | & 2 27
(5Wq>:—§/e b6 Vay zj:ZjTjdV

[B. Hu et al., Phys. Plasmas 12, 057301 (2005)]

Additional anisotropic term

In addition to the effect of anisotropy on 6W,, when
fis anisotropic an additional term arises that is
proportional to B :

1 . Byoaf
J

Centrifugal destabilization

This fluid force term is usually neglected, but it is

always destabilizing, and could be important if the
plasma rotation Mach number is significant, or for
alpha particles rotating at higher frequency ~ w.,.

Other possibilities:
— Inclusion of plasma inertia term in the
dispersion relation.
— Effect of poloidal rotation on w¢ (small?).

— Use of a Lorentz collisionality model instead of
current ad-hoc inclusion of collisionality.
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Collision frequency is very high for electrons, very low for
energetic particles, but in the right range for ions

. . . S Trapped lon O Trapped Ele. = Circ. lon b) 3
Three coII|S|onaI|ty models: wcb off- 4+ Energetic Part. o Alfven Layer o Total ]
resonance g 0 0 h
3 vof _$h Verlh
vg =10 (MARS) g 2:_ 5”’_;\ 95 ‘ Q% .. ]
5y 3 72 72,4 N o
(D) = «./jn.im.ﬁzi Zjeglnﬁe;l £ 1E . G @ 7
IQﬂ%E%ijf = r; El -8 -
3 -1 - O B
vo(U,e) =112 (IV”SK) 2F |
5T - -]
We ON- 4ESWE ~ {2 + i (R.c-.sn:}nant term + h )‘
are resonance |5} Ve Veft / 1
unaffected by collisionality. s . 0 ¢ ]
- -

e AssoonasvVv#0, Electron T 1f -
component - 0. O E oo dgheneaenn ]

L
e Trapped lons are affected by :;__ ]

collisionality model. 0 1 )

Collisionality Model

@ NSTX

2010 NSTX Results Review — RWM Theory and Experiment (Berkery)

December 1, 2010



Reduced collisions allow resonant kinetic stabilizing effects
to be more powerful, but also reduce collisional dissipation
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e The effect of reduced collisionality in future machines:
— Lower stability off-resonance plasmas even less stable
— Higher stability on-resonance plasmas even more stable

— Makes it all the more important to mitigate the effects of reduced
stability at off-resonance w,,
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Kinetic theory, including thermal and energetic particles,
can explain experimental results

e XP1020 Results

— RFA indicates weakened stability at intermediate w,,
— Reduced |, plasmas more stable?

e Towards unification of theory and experimental results
— NSTX and DIII-D results consistent with kinetic theory

e New analysis of the effect of collisionality on stability

— Important for future devices, NSTX-U
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