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Kinetic resonances effect on magnetic braking in tokamaks

[.G. Miron

National Institute for Lasers, Plasma and Radiation PhyshMagurele-Bucharest, Romania

The investigation of tokamak plasma kinetic effects sucthaparticles precession and bounce
frequencies resonance effect on the dynamics of the plastaiion under different collisional-
ity regimes is the goal of this work.

It has been found that the kinetic processes mentioned aborease the plasma neoclassical
toroidal viscosity (NTV) effect on the toroidal rotation tfe plasma when peculiar condi-
tions are fulfilled. NTV is due to the breaking of the magnéetd axisymmetry that enhances
the radial nonambipolar particle transport and hence asage the NTV braking torque that
finally damps the plasma rotation. When the particles eteatragnetic and bounce frequen-
cies resonate, the nonambipolar radial particle flux irsweand the plasma toroidal rotation is
affected. Starting from the CGL expression of the pressemedr,p = pjnn+p, (I —nn) =

pl + T (n=B/B, B is the equilibrium magnetic field), we have derived the 3Dapial (to B)

perturbed pressure tensor term :
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A similar expression is obtained for the perpendicular gues tensorp,. The a terms are
pure fluid contributions, whereas the terms under teemmation are due to the particles pre-
cession and bounce oscillatioms. n and| are the harmonic numbers in the poloidal, toroidal
and trapped particles bounce orbit expansion, respegtiyes the perturbation growth rate.
B,o is the equilibrium toroidal magnetic field in the major axts= 1/[1+ £(2k?> —1)] is a
parameter depending on the trapped bouncing particlesatized pitch angle [1] for a low
plasma inverse aspect raio= a/Ry. V" = inB/(RoBxo)/2/M; (M; is the ion or the electron
mass) oy andpB[;; are analytically derived expressions of plasma fluid andtkirparameters,
respectiverJg‘/jZ?) are defined by:
i o dE
I3 = /0 E % expl-E/(KaT)] iNQ, + Vi + Y /AEB/B,o -+ YA"AEB/Byq

Kg is the Boltzmann constari, the j-particle temperature arfl the particle total energy,
is the plasma toroidal rotation frequenay, = —(iyh/1)/AEB/B,g andaws = i yY3"AE B/ (nBy)
are the 3D derived particle bounce frequency and bounceagedrtoroidal precession fre-

(2)

quency, respectively, wheng and 3" are analytically obtained parameterg.~ VE3/2 s



the Krook collisional parameter [2], with the particle collision frequency. Depending on the
range of the plasma rotation frequency, the above integrdifierent for specific collisional
regimes. In the non-resonant regimegylandv — /v) [3] the particles collision frequency
influences the NTV magnitude. The'\l regime also includes the trapped-circulating particle
boundary layer physics [4]. Park et al. model [5] that ineslthe Krook collision operator,
does not consider any/ ¥ regime. The above mentioned model has been recently vedidé}
for the weak collisional regime close to the dangerous figreana plateau regim&B— P).
We are interested to describe this regime under kineticaaste conditions. In a lower colli-
sionality case, the main contribution for the NTV magnituslelue to the resonant particles.
For very low collisionality, the integral (2) over the paté energy becomes improper. For the
case we are interested in, thg 0 case, the toroidal precession frequency is significaatixet
compared to the trapped particle bounce frequency and caadiected. On the other hand, at
usually high plasma rotation levels, no resonance occuttserabsence of the bounce oscilla-
tions, the precession rotation level being too low to retmriehe energy integral that measures
the resonance effect is derived at different collisionglmees: a high collisional regime, a low
collisional near the superbanana regime and an interngedigime of collisionality. It should
be noted that the use of a Krook collisional operator canmcluide the collisional boundary
layer introduced by Shaing et al. [4] to overcome the singiylaf a pitch angle integral at the
trapped-circulating particles boundary limit. Howevéwery low collisionality regimes we are
interested in, the results using the Krook operator arelvebr the Y v collisional, SB— P and
1/v — SB— P regimes we have analitically obtained specific Cauchy paio/alues for the

integral quantities given by (2). With the aid of it we get afianalytic form of the NTV torque

(Brtota OM) = Y { [fran(1) @™+ Gina(1) @™ K [(2— 9)O™ + 1™

s _ o RS

' j—zz P (T, SR, S) @™ [(2 = ) ™M - r @™ - b (1, Ay, A Af')$¢/mn¢m+bn*}
j#0

frny Omn andﬁmnj are exactly derived coefficientg.is the traceless stress tensor &g = B+
b, where the perturbed magnetic field is parameterizdz-as] x [(1/B)0P x B] x B. ® is the
perturbed normalized scalar electric potensas.the local magnetic sheameans radial (flux)
derivative and« indicates the hermitian conjugatiofy; = Ady 1 + Edj 2+ T Jj.3 is the plasma
shaping parameter (depending on local Shafranov Ahétlipticity E and triangularityT ) and
9, is the Kronecker deltasﬁ, S,% andcy, are exactly derived kinetic coefficients. To estimate
the NTV torque quantity, the Fourier components of the pbed magnetic field are found.

In terms of®™ and @™ we have analytically solved the perturbed magnetic fieldagqos



(perturbed plasma, vacuum and feedback circuit equatastajning

| 1 2L 2L b | 1 2L 2L =
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distinct distinct

They already depend on the kinetic
effects. The new index ordering is
explainedin [7]. Th& £, FF anda

coefficients depend on plasma, wall
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and feedback circuit parameters.

In Fig. 1 the calculated normal-
ized NTV for 1/v and the transi- "t
tion regime to superbanana plateau

0.5
regime are plotted. The dependence

of ion-ion collisional operator is 0

showed. The profiles agree with
those obtained with the Park-Boozer
o _ Figure 1:NTV torque for non-resonant collisional regimes as
formula, for the same collisionality _ o o
a function of ion-ion collisional frequency.
regimes [8]. No assumption about
the trapped-circulating particles boundary layer regisv@ade.
Fig. 2 shows the dependence of

the NTV torque at resonance con- B

ditions on the error field compo- asl

nents amplitude. A higher error ol

field drives a higher NTV quan- 25|
tity. The NTV is calculated at the *; 2
level of two magnetic surfaces: in- g o]
side and close to plasma bound- |

ary. As expected, the NTV close 03|

to the plasma surface is lower. 0
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Being calculated at resonance, at

very low collisionality, it is clear _. ,
y Y, Figure 2:Error field dependence of NTV at resonance for

that a higher plasma rotation is Qifferent plasma toroidal rotations.
condition to avoid the resonance.
Fig. 3 shows the bounce harmonic number resonant conwimitito the calculated

NTV for the resonant regime, at very low collisional freqagnlt is obvious the sig-



nificant increase of the NTV at rotation levels that satishe tresonance condition.
For eacH harmonic number in the

trapped particles bounce orbit ex- ,;

pansion, there is a peak of the NTV

torque, at a different plasma rotation.
The highel is, the lower NTV peak

0.5F

o 04}
is obtained at a higher corresponding 53
plasma toroidal rotation. -

To resume, a 3D perturbed particle  °*f

distribution function has been ob-  °'

tained as a function of the magnetic S I

0, [kHz]

field perturbations. The latter are de-
rived by solving the linearized per-_. . .

Figure 3:Calculated NTV torque as a function of plasma
turbed complete system of the multi-

toroidal rotation. The | harmonic number contributions.
mode magnetic field equations. The

magnetic perturbations are not inserted parametricaitythre calculated NTV but they are cal-
culated (4), already enclosing the kinetic resonance inlee

In summary, a model to provide an analytic form of the NTV teg@3) is built. It describes and
proves the destabilizing influence of the particles kinetgonances effect on magnetic braking

of plasma rotation in tokamak plasmas of specific collisitypaegimes.
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