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Trapped particles are stabilizi ng
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* Kinetic effects are stabilizing for the RWM

* For asmall equilibrium electricfields, the
trapped particle contribution improvesthe beta
limits by decreasing the fluid instability drive

For large equilibrium électric fieds, thetrapped
particle contribution isstill large but dissipative.
Thiscausesthe RWM torotateleading to AC wall
stabilization.

*For extra-large equilibrium electric fields, the
trapped particle contribution issmall.



Thetrapped particle compressibility
contributesto thetotal oW

« RWM marginal stability condition

MW, =W, +IW + NP <0

tot vacuum kinetic

 Theeffectsof trapped particles entersthrough
the kinetic component of the perturbed
perpendicular pressure
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Thetrapped particle compressibility is
stabilizing for low freguency modes
and small equilibrium electric field
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* Trapped particle contribution

OW, () ~ —[F'2 o, &~ e
W= W — G

e Thekinetic 6W is positive and stabilizing for small
equilibrium electric fields and low frequency modes

o, 1
Opyp < Op, o < op, a)* =
D

oW (w=0) ~ —\/_5\Nf




Small electric field = Slow rotation
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* The E-fidld isgiven by theion force balance
a)EXB Sgn(l ga) = Qrot B Cdi Sgn(l qa)

_ _QOE
Yo B

e A small EXB drift ( wgyg< wp~€ w-; ) requires

Qrot = a“li Sgn(lqa)
e For DIII-D at theg=2 surface

0, ~4kH z o, ~12kH z



A simplified sharp boundary equilibrium is used
to calculate the kinetic effects on the RWM
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Resistive wall

Vacuum
Vacuum

Resistive wall




The stability problem isreduced to the simple
fluid theory in the plasma core.
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e Thekinetic pressureentersin thelinearized
momentum equation
2
i€ (0o o+ i o (5t +57) =

* Thekinetic pressurevanishesin the plasma core because
the equilibrium density and pressure are flat

o

o > =0 Inside the plasma (r < a)
:



Thefluid solution in the plasma coreis
determined using the small a/R expansion
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e The perturbed magnetic flux follows simple power laws of r

Imi
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e The constants are deter mined through the
matching conditionsat r=c

@ and d&_/dr arecontinuousatr =c

I =180 &, /m Ry =n=m/q




Thesingular kinetic pressureleadsto a
singular perturbed magnetic field
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» Delta-Function Like Kinetic Pressure at Plasma Edge

Total pressure A of
| ~ K .
isregular | P ~— =singular
F o =K 2 | or
p-+p5+B° /2 |/ ;
\ : P +—— =regular
I ~K _ g
Plasma : P5 =B8],
' | vacuum /
5 : > B, is singular
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Thekinetic pressure entersthrough the
boundary conditions at the plasma edge
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- Boundary condition at the plasma edge
| P5 =-B8 |,
~fs0] p© + P +B?/ 2] +kef| S +2BB, |=0
- B.C. from integration acr oss the plasma edge

[| p° +B?/2[lp, = ~fiek| _ dr pf



Thetrapped particle contribution to the boundary
pressurejump condition isonly v e lower than the
fluid terms ur
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Fluid instability drive
R

~

—
Moy @y 38(MrL, -1
m alpm(a) t 2 D( hn'%x_l lpm+1 + hm_l lpm—lja

Trapped

<: particle

term

w | &,

~ Vacuum
(BVacuum ° BVacuum)a <I,: contribution




The coefficients of the kinetictermsare
Integrals over the pitch angle
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Thefull dispersion relation isderived by
matching the vacuum to the plasma solution
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0B B = ) 6, (@)

o v
Resisive | O == > |1 4G G,
wall terms qj | =—00,20
2|1 |-iwr, [1+ (a/b)?]
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T,, = resistive wall magnetic diffusion time




The RWM growth rateisfound by setting
to zero the determinant of thelinear system
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* Theonly parameters affecting the stability are:
B/e, edge g=q(a), central g=q (0) and € =a/R,

e Hereg(a) isset to 2.5, g (0) =1.1 and the RWM
growth rateis calculated for varying (/e



Therdevant parameter isthefraction of the
maximum beta-limit improvement
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e Maximum betalimit improvement =6, - B,
e Definethedegreeof B limit improvement y

B-5"
X =
bMHD _IBOI;/IHD

MHD

3. betalimits without wall
5" betalimitswith ideal wall at r=b

o If Marginal Stability at y=1->full ideal wall 8 limits are recovered
e If Marginal Stability at y=0-> betalimits are same as no wall

oIf Marginal Stability at y= y, =2 fraction y, of theideal wall
limits is recovered.




Resultsfor standard aspect ratios: R/a=3
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Results for tight aspect ratios. R/a=1
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Fast rotation . >w- requiresalargeelectricfield
that givesa dissipative character to thekinetic terms
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. . + al
;rheerlg;it;:-er oW, (w=0) - W, .
' a)EXB + a)D

e The sign of wgyg depends on therotation direction

a)EXB Sgn(l ga) = Qrot B a‘li Sgn(l qa)
*weyg >0 for fast co-injection
a)ExB = Qrot _a‘li >0
*weyg <O for counter-injection

a)ExB = _Qrot _a‘li < O



Co-injection leadsto resonance with the electrons
while counter-injection leadsto resonance with ions
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=

. E
Resonancecondition = @,z + Wy =Wzt <) > Zi’eT_
*HereZ;,=*1for ions(+) and electrons(-1) |

e Consider DIII-D valuesfor very high beta discharges

*Assume co-injection:
Q. ,~36kHz, w.~12kHZ 2 wgyg~24kHzZ

rot

*Resonance requires high energy electrons (use wp~4kHz)

= :6:£
<w, > T
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Thetrapped particle dissipation islarge
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Thelargetrapped particle dissipation stabilizes
the RWM without plasma inertia
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20% of the dissipation is sufficient to open a
stability window for rotationsof 1% of w,
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Conclusions

Trapped particles are stabilizi ng
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* Kinetic effects are stabilizing for the RWM

* For asmall equilibrium electricfields, the
trapped particle contribution improvesthe beta
limits by decreasing the fluid instability drive

For large equilibrium électric fieds, thetrapped
particle contribution isstill large but dissipative.
Thiscausesthe RWM torotateleading to AC wall
stabilization.

*For extra-large equilibrium electric fields, the
trapped particle contribution issmall.
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