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I ntroduction

The StochastidViapping Technique(SMT) developedrecently[1], is usedfor Monte Carlo
(MC) modelingthe electrondistribution function of a stellaratorplasmawith 2°¢ harmonic
X-mode ECRH. This techniqueallows oneto resole the suprathermaklectrondistribution

functionin velocity andcoordinatespacewith sufficient statisticsfor realisticstellaratormag-
netic fields. The MC code has beentestedearlier for the caseof a point sourcein phase
space(Greens function approach2]) whereit is sufiicient to model electrondrift motions
andCoulombcollisions. In the presenteportthis methodis extendedby incorporatinga non-
local quasi-linea(QL) diffusionMC operatoiinto SMT in orderto enablethe studyof the QL

interactionof electronswith anECRHbeam.

Nonlinear §f method

In orderto separatehe problemof finding the distribution function of suprathermaglectrons
generatedby localizedECRH from the problemof computingthe particleandenegy balance,
the electrondistribution function f is formally split into two parts,f = fo + 6 f, wheref; is
the unperturbedlistribution function of bulk electronsandé f is the non-Maxwellianpart of
specialinterest.Thekinetic equationfor the electrondistribution f is

of of

E‘FV a?Zch‘FLQLfa (1)

wherez andV* areguiding centervariablesandphasespacevelocity respectiely, L¢ is the
Coulombcollision operatordescribingcollisionswith backgroundonsandwith electronsand
iQL is the quasilinearoperator Using the separatiorof f into f, andéf in (1), the equation
for § f is givenas

% + Va% — Lodf — Lordf + verd f = Lqr fo, (2)
wherer,g is someeffective exchangdrequeng whichis takento besmallin thesuprathermal
rangeof enepgies. If thetotal amountof suprathermaélectronss small, the kinetic equation
for f, togethemwith theassumptiorof alocal Maxwelliandistribution functionleadsto a setof
one-dimensionaheoclassicatransportequationswhich containadditionalmagneticsurface
averaged{. . .)y, sourcetermsof particless, o, andenegy Sy qr,

Sor = < / d3p(icaf+ueﬁaf)>w, @)

Sw,QL = </d3p(z06f + l/eﬁ‘éf) X (8 — m002 — 6¢0)>

L4
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Withoutthequasilineaoperatoontheleft handsideof (2), thisprocedureeducedo thelinear
Greens function approachgivenin Ref. [2]. This approachs valid if 6 f < f, in thewhole
phasespaceandleadsto alinearscalingof § f with the ECRHinput power.

Modeling of the perturbed distribution function

Equation(2) for the perturbationof the distribution functionis solved usingthe Monte-Carlo
(MC) methodbasedon SMT [1,3]. Insteadof directly modelingthedrift orbits of thetestpar

ticles,z = z(zo, t), usingthe equationsof motion andlocal MC operatordor the description
of collisions,in SMT thetestparticle orbits arefollowed only on Poincae cuts,i.e., surfaces
wherethe magneticfield hasa minimumalongthe magneticfield lines. The Lagrangiarcoor

dinatesof thetestparticlesaredenotedwith u,,, wherem labelsthecut. Eachnew positionu/,

is obtainedfrom the stochastianap,u), = U(u,,) + du,,, whereU(u,,) is theregular map
reconstructedrom the precomputedirift orbitsanddu,, is arandomchange.Theserandom
changesaccumulatehe effectsof Coulombcollisionsandrf diffusion during onebouncepe-
riod, thetime betweersubsequentrossingf the cuts. The covariancesanddeviationsof the
displacementsu,,, mustsatisfy

Di = (oul,oul ) /2= Dg+Dg,,  Fi, = {(oul). (4)
The SMT procedures valid in theweakcollisionalregimeandwith sufficiently smalldisplace-
mentséu inducedby rf wave-particleinteraction.

We consider2™ harmonicX-mode ECRH assuminghat the rf field amplitudeis highly lo-
calizedin spaceandhasa Gaussiarshapealongthe magneticfield lines,E emp(—%alsZ),
wheres is the distancealongthefield line and«; is theinverseareaof the beam.In this case,
thevarianceanddeviation of the particleenegy afteronepasshroughthe beamis givenas

B 2 E*|2 k2 B2 p4 m2uw? B kyp 2
pee _ 7€ 1B Pl _mg _ B Kp 5
QL 2 mng OqBQ Pﬁ exp( 77)7 n Oflpﬁ Bres Mow ) ( )
0 1 0 =
FE = =+ — ") D& 6
QL (85 + Bres 8/1) QL ( )
with £, u theenegy andmagnetianomentp, , p; theperpendiculaandparallelmomentunin
thebeamcenter £~ theright-polarizedcomponenof the wave electricfield, B the magnetic
field in thebeamcenter B,.s = moc/2ew, m, theelectronmassw thewave frequeny, k., k|
the perpendiculaiand parallel wave number andy the relatwvistic factor With (5) and (6)
known, thecomponent®sf D% andF;:, canbe obtainedfrom
_ o . . 1
DY = Z]DES :Fz: z:FS 521 B ] 7
m 6 B QL» m 5 QL B ’ B Bres ( )
For slow particleswith A = p;/p < 1 thequasilineatheoryis violated. The nonlineareffects
during the wave-particleinteractionwill reducethe enegy absorptionby thoseparticles. In
orderto describethis reductionqualitatively, DgSL, is replacedby the modelcoeficient

D&;, 0%n

, o=—".
1+ (aDE)’ oe?

Sucha model assumesheating out of resonance[4] whenthe enegy gain by the particle
passinghroughthe beamis assumedo stopoutsidetheresonanceone(n > 1).

(D] = (8)
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Figure 2. Contours of rf diffusion coefficient.

Figure 1. Absorbed rf power distribution.
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Figure 4. Perturbed distribution function below

Figure 3. Total distribution function in the beam
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Figure 6. Profiles of particle and energy sources.

Figure 5. Perturbed distribution function above

the beam, point 3.
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Results

The computations performedfor a mediumsize stellaratorwith (=2, five magneticfield pe-
riods, R = 2m, B = 2.5T, anda constaniplasmadensityn, = 10" m—® andtemperaturel,,

= 3 keV. A localizedECRHbeamwith P = 100kW anda; = 2.5 - 102 m2 is assumedo be
perpendicularlyinjectedinto the magneticfield minimum. The variationof the beamampli-

tudedueto absorptions not takeninto account. The distribution of the absorbegower over
the poloidal crosssectionis shavn in Fig. 1. The cold resonancepositionis exactly on the
magneticaxis. Onemagneticsurfaceis shovn andthreepoints(1, 2, 3) areindicated,where
thedistribution functionis reconstructedThedirectionof the electrondrift is dovnwards. In

Fig. 2 theeffective enepgy diffusioncoeficient(8) is shovn. Comparedo thecornventionalQL

diffusionoperatortheabsorptiorregionin phasespacas shiftedtowardstheregion of passing
particlesbecausehis coeficientis reducedor slow trappedparticlesdueto nonlineareffects.
In Fig. 3 thetotal distribution functionis shown for point 1 (insidetheabsorptiorregion). The
formationof aquasilineaplateaun canbeobseredmainlyin thepassingparticleregion. The
perturbedistribution functionin Fig. 4 correspondso the point belov thebeam(in thedirec-
tion of thedrift). It is formedmainly by ripple trappedparticles which contrituteto corvective

particleandenepgy losses.In turn, the perturbedlistribution functionabove the beam(Fig. 5)

is formedmainly by passingparticlesdetrappedn the lower region of the configuration.Note
that despitethe pealed perturbeddistribution function ¢ f, the total distribution function for

this parametesethasnegative derivativesover perpendiculaenegy everywhere.

In Fig. 6 the radial profiles of particle (dashed)and enegy (solid) sourcedensities(3) are

shavn. Therf beanregioncorrespondso < 5 cm. About30% of theenegy of suprathermal
particlesis depositedbutsidethe heatingregion. Also, the corvectionof electronsaway from

the heatingregion is clearly obsered. In the presentcomputationthereis no radial electric
field included. In the presencef suchafield, the lossesof enegy outsidethe heatingregion

will bereduced?2].

Summary

The stochasticmappingtechniquetogetherwith the nonlinears f methodhasbeenapplied
to modelthe electrondistribution function during ECRH in a stellarator With this method,
the distribution functioncanberesohedvery well bothin coordinateandvelocity space.The
ECRHmodelingshavs significantcorvective enegy lossedrom theheatingregion despitethe
factthatmostof the enegy first goesto the passingparticles.Thelatter follows from the non-
linearreductionof the enegy absorptiorby slow trappedparticleswhichis takeninto account
only qualitatvely. A properaccountof nonlinearwave-particleinteraction[5] is required.
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