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Intr oduction

Thedrift wavesin rotatingtoroidal plasmasarestudiedfor anaxisymmetricJarge-aspect-ratio
tokamakwith concentricandcircularmagneticsurfaces.Plasmaotationis drivenby theradial
electrostatidield typical for the high (H) modeconfinementegime. Low-frequeny electro-
static oscillationsof low-5 plasmaare consideredn assumption®f adiabaticelectronsand
plasmaquasineutrallityIn orderto describedrift oscillationsin the plasmaedgeregion, where
radial electricfield andplasmarotationvelocity arehigh, a weak couplingapproximatiornthat
takesinto accountthe toroidal couplingof normalmodescentredon the neighbouringational
surfacesjs consideredThe derivedeigenmodequatiorhastwo classe®f solutionsgiving ei-
thermaiginally stableglobaldrift modesor propagatinglrift waveswhich experienceheshear
damping.Thecorrespondingnalyticaldispersiorrelationsarederivedandsimplifiedfor some
limiting cases.

BasicEquations

We considerdow- 4 toroidal plasmaconfiguratiorwhich rotatesdueto the presencef inhomo-
geneou®lectrostatigpotential®(r). Theplasmais confinedby inhomogeneoumagnetidield
B with vanishingcomponentlongthe equilibrium densityny(r) gradient. The frequeny of
drift modesis w <« w,;, andwe supposéhatelectroninertiacomparedwvith their thermalmo-
tionissmallw < kjvr., sotheelectronsbehae adiabatically Then,we mayusecontinuityand
momentumequationdor theion fluid and Boltzmanndistribution for the electronsassuming
thatquasineutrallityconditionis satisfied.For electrostatigerturbationsye decomposelec-
trostaticpotential,ion velocity anddensityinto equilibriumandfluctuatingparts,assuminghat
the perturbedermsareof orderof ¢ (¢ = /R ~ w/w,;) with respecto equilibriumquantities.
In thefirst order the consideredquationsarereducedo
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wherevy = (¢/B)b x V&, is the equilibrium plasmarotationvelocity, vg = (¢/B)b x V¢
is the E x B drift velocity while the usualdrift wave orderingis usedfor the derivation of
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Eq.(3).InsertingEq.(3)into Egs.(1),(2) we obtainasetof equationdor v and¢. Choosinghe
simpletoroidal coordinatesystenr, ¢, 6, we canexpressthe magnetidield asB = B,(r)&, +
Bi(1 +ecosf) '&,. Here, B,(r) and B, = constarethe poloidal and toroidal components
respectiely. Drift modesarecoupledin the poloidaldirectiondueto toroidicity. Consequently
the modelocalisedon therationalsurfacer = ry, whichis definedby my — ng(ro) = 0 (m, n
the poloidal andtoroidal modenumberandq(r) the safetyfactor),is coupledpoloidally with
the modedocalisedon the neighbouringsurfaces: + Ar suchthatmg + 1 = ng(r + Ar). So,
we seekfor solutionswhich in termsof the azimuthialmodespectrumare centredaroundthe
poloidalmodem, of thereferencesurfacer,. Since thesymmetryis notbrokenin thetoroidal
direction,we expressthe angulardependencef the perturbedquantitiesy(r, #) andv(r, ) in
thefollowing Fourierexpansion

£(r,0) = exp(imof — ing) > _ fi(r) exp(ilh)

Further we expandthe coeficientsthatarefunctionsof r into Taylor seriesin the vicinity of
the referencerational surfacer = ry, andwe reducethe equationseglectingthe high order
correctionsjnto the following form
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This setof equationglescribeshe modestructureandthe dispersiorpropertiesof a drift wave
in arotatingtokamakplasma.Thedimensionlessariablexz anda new potentialfunctionU,(r)
havebeenintroducedthroughz = (r—r¢)/ps andg;(r) = U;(r) exp [(ro — r)(1/r¢ — 1/74) /2]
respectrely. Thecoeficientsin Eq.(4)are
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while the following parametersiave beenalsointroduced: ¢ = oV /V} is thevelocity sheay
& =roVy'/Vy, cs? = T,/m; is theion soundvelocity, Vy = vy(ro) is thelocal rotationvelocity,
Ve = (dVo/dr)r=ry, Vy' = (d*Vi/d?T)r—rs» w' = w — kyVj is the Dopplershifted eigenfre-
queng, ;! = —(dInngy/dr),—,, is theinversescaleof densityinhomogeneitys = ryqj/qo is
themagneticsheamparametewith ¢, = (dqo/dr),=., andky = myg /1 is thepoloidalwavenum-
ber.

Weak Coupling Approximation

In theweakcouplingapproximationwe consideonly thecouplingof thereferencenodel = 0
with thetwo nearestmoded = +1. Suchapproximatioris justified,whenthe Doppler- shifted
eigenfrequeng w’ is of the orderof the local diamagnetidrift frequeng w’. The systemof
equationg4) is reducednow into a setof threecoupleddifferentialequations.The equations
for | = +1 canbesimplified by the successie approximatiormethodto a standardorm of the
Weberequationfor the functionsof Uiol). From the asymptoticsolutions,we approximatehe

secondderwvativesof Uf_f’l) by keepingonly the mostrapidly changingterm. Substitutingthis
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approximatiorinto Eq.(4)for [ = 0, we finally get

0%*U,
or?
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Theeigenfunction®f Eq.(5)describeheradialstructureof thedrift eigenmodelocalisedatthe

referenceaational surface,andthe correspondingigervaluesdefinethe dispersionproperties
of the exciteddrift modes.

+(A=¢2*) Uy =0 (5)

where

(=0’DA, A=A

with A™! _Q(w'R)2_D

e If ( > 0, Eq.(5)is transformedo a form of the Hermiteequation
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wherey = ('/*z. The eigenfunctionsof Eq.(6) arein the form of exp(—y?)Hy(y) (Hy is

the Hermite polynomial of N** order) andthe correspondingeigervaluesare definedby the
dispersiorequation

A/y/C=2N +1, N=0,1,2. (7)

This relationhaspositive eigervaluesonly if A > 0. Thecorrespondingolutionsof Eq.(6)de-
scribenon-propagatingnodedocalisedinsidea "potentialwell”, i.e. theglobalmodes.Substi-
tuting theexpression®f A and( into Eq.(7),we canderive analyticallythedispersiorequation
for thesemodes. The necessargonditions(¢ > 0, A > 0) for the formationof global drift

modesaresatisfiedfor positive shiftedDopplereigenfrequencieshich belongto theinterval
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Thesimplifiedexpressiorfor thedispersiorequation(7), canbeobtainedn someimited cases.
For example,when

Vo + kjp? 2
1 and 8 s <—) >>1
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thedispersiorrelationfor the positive shiftedeigenfrequenciesanbewritten as
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e If { < 0, wetransformEqg.(5)to aform of the Weberequation
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with y = /i|¢|'/2z. The solutionsof Eq.(8)aregiven by the Hermite functions H, andare
boundedn thewholeintenal of y, only wheny = N = 0,1, 2, ... Thedispersionequationin
this caseis givenby

AJi/[C] = 2N +1 (9)

andthe correspondingolutionsof (8) describeradial propagatingrift waves. The variable(
takesnegative valuesfor positive Dopplereigenfrequenciewhich belongto

W' o 101 1+ k5p? (12
<L <1 o “LsZ4ih 878<—>
Wy Wy 2+2[ + k2 p? R

1/2

andfor negative Dopplereigenfrequenciewhich belongto
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Thedispersiorequatiorfor the propagatingnodescanbe expressedn amoresimpleform, for
somelimited cases So,for the caseof negative Dopplershiftedeigenfrequenciesye find that
if

<1
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thedispersiorequation(9) is simplifiedto
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We underlinehere thatthe obtaineddispersiorrelationsfor the propagatingnodesshaws that
thesemodesexperiencedampinglmw’ < 0 dueto the magneticfield shearwhich foundto be
the sameindependentlyof the eigenfrequeng valueandsign andthe variousassumptionsve
consideredn eachcase.In additionto this, it seemghatthelineardampingof the propagating

drift modesdependn the magneticshearandinhomogeneityscale,but not on the velocity
shear
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Conclusions

The eigenmodezquationdescribingweakly coupleddrift wavesin a rotatingtoroidal plasma
hastwo classesf solutionsexpressingmodeswith different propertiesfor eachclass. The
global drift modehasa structureof a quasimodejocalisedin radial direction with a small
wavenumberalong the confining magneticfield. It includesa numberof rational magnetic
surfacesdueto toroidalcouplingof themodedocalisedon theneighbouringnagneticsurfaces.
This modecorresponddo the boundedstatein a potentialwell, which is maginally stable.
The propagatinglrift wavescorrespondo unboundedtatesandleave the magneticsurfaceon
which they are excited. Thesewaves are characterisedby a dampingwhich dependon the
magneticfield shearand plasmadensityinhomogeneityscale,but not on the poloidal rotation
velocity shear
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