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INTRODUCTION

A high power ECH systemis currently being installed on TCV (R=0.88m, a<0.25m,
Ip<1IMA, B<1.5T, 1<k<2.56,-0.7<6<0.9). The heatingsystemnow consistsof 3 gyrotrons
eachwith amaximumpowerof 0.5MW. TheEC power(82.7GHz)canbelaunchedwith any
polarisationfrom X2- to O2-modeandthe mirrors at the endof the wavelauncherscanbe
adjustedo getthewavepowerdepositionat therequestedertical position.In theseexperi-
ments,the depositionregionswere chosensuchasto obtain a smoothpower distribution
alongtheplasmaminorradius.Theradialpositionof theresonanceorrespondso themajor
radiusof theplasmaor thenominalfield. Thereforeforoidalmagnetidield scansareunfor-
tunatelynot possible althoughhighly desirablefor the LH transitionsstudies With this EC
frequency and magnetic field, the cut-off density lies at 4.2818.
AlthoughOhmicH-modesareregularlyobtainedn awide variety of TCV plasmaglimited
or diverted singlenull or doublenull, 3 <ne<9 101°m3, 1.1<B<1.5,1.05%K<2.05,-.2<3<0.7,
2.0%q<4), LH transitionswvereonly rarelyobservedn low densityplasmagn.<4 10m3).
Thus,thefirst goalof theseexperimentsvasto find outwhetherthe H-modewasaccessible
with a low density ECH target plasma.
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Figure 1. OperationalDomainwherelLH transitionswereob-
tained both for ECRHX)) and Ohmic heating¥)
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OPERATIONAL DOMAIN FOR LH TRANSITIONS IN ECH PLASMAS

Therangeof stationnaryplasmgparametersuitablefor ECHinjectionwasfoundto berather
small. Theappearancef fatal modesoccuringwhencrossingof ggs=3 and4 in low density
plasmasmplied operationat higherggs which is at the limit for vertical stability of highly
elongateplasmasNeverthelesd,.H transitionshavebeenobtainedn thisregionof the op-
erationaldomain.Moreover thelow densitylimit for ohmicH-modeaccessibilityis lowered
whenECH poweris added.Theincreaseaperationalomaincoveredoy thesetransitionss
shown in Figure 1, together with the range covered by the ohmic transitions.
Thesetransitionswereobtainedin
discharges with 3 successive 10f
ramps of the ECH power while !
keepingall other plasmaparame-
ters constantas shownon Figure
2.Fromshotto shot,thetransitions
occuredat different valuesof in-
jectedECH power, dependingon
the plasmaparametersin orderto I
determine the relationship be- f |
tween the amount of additional 0.6 0.8 1 1.2

power and the plasmaparameters Time [s]

attheLH transition theestimation Figure2: Timeevolutionofadischargewith a LH transitionin-
ducedby the ECH power.Thepoloidal crosssectionshowsthe

of the powerabsorbedy the plas- plasmashapeatthelLH transitionindicatedbytheverticalline.

ma must be addressed.
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ESTIMATED ABSORBED ECH POWER INTO THE PLASMA
Forall 3 gyrotrons,the ECH powerinjectedin
theplasmas measuredeartheendof thewave

guideswith 10%accuracyHowever thedensi- - ew

ty profiles measuredby Thomsonscattering = °° PR | Reo
showa centralplasmaregion,upto p=0.5,with g oe o " S
a local densityabovethe cut-off densityfor a & °* o He %
line averagedensityof 3.5 101%m™. Thisim- 3 *° Og%’%’u 178
plies a significantrefractionof the beamsand € ** X 5
possiblythe lossof thefirst passabsorbtiorat 2 ** e * L (ECH) “a
the resonancéocation.Powernot absorbecn e 3: LH:ranjs I
thefirst passwill eitherbeabsorbedn theplas- Line averaged density [10%°m3]

ma after many reflections, absorbedby the  Figure 3: Normalisedminor radius (p) of

walls coveredby Carbortiles or leavethetorus  theplasmawherethedensityequalsthe EC
through the ports cut-offdensityasa functionof theline aver-

. . . aged density.
To estimatethe first pathabsorbtiona 3D ray
tracingcode, TORAY, hasbeenused[1]. From
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theknowledgeof theplasmashapethe ECH injectiongeometrythedensityandtemperature
profile, this codedetermineshetrajectoryof thebeamsn theplasmaandcalculateshefrac-
tion of the power which is deposited at the resonance for each beam.

Althoughthe launcherangleswereadjustedo directthe beamamostlyto largep’s, the ab-
sorbedpowerin thefirst pathwasaslow as20% (ng> 3.5 1019m'3). It is importantto deter-
minewhatfractionof the powernotabsorbedanthefirst passs absorbedn the plasmaFor
thesdfirst experimentsvith similarshapesnddensityprofiles,asimplemodelwasusedcon-
sistingof asimplified ray tracingcodewherethebeamreflectsatthewall andtheplasmaAt
eachinteractionafractionof thepoweris absorbediependingn thenatureof thereflection:
wall, window, absorbingor refractingplasmaTheabsorbtiorcoefficientof thewall is based
on anempiricalvalueof thereflexion of thewaveon Carbontiles. The effectof a variation
of this parametearoundthe experimentakalueof 0.95is moreimportantthanthe fraction
of refractingplasmaBy meansof this model,the absorbegowerafter multiple reflections
wasestimatedo be about50% on averagdor theseshots.Hence theabsorbedCH power
can be expressed, for these experiments, as

PecH,abs™ PecH,inj " Atoray T PecH,inj * (1'Atoray) *0.5

In orderto testthe validity of the modelsusedfor the estimationof the absorbegower,the

O2 polarisationof thewaveswasusedin two otherwiseidenticaldischargegreviouslyheat-
edwith the X2 polarisationLH transitionsoccuredwith bothpolarisation®f thewavesand,

oncecorrectedusingtheabovemodel,theabsorbedECH poweratthe LH transitionsagreed
within 10 %, which is a first confirmation of the modelling.

Figure4 showsthe relationshipbetweenthe line averageplasmadensityandthe absorbed
ECH powerasdefinedpreviously. The ECH poweratthe LH transitionclearlyincreasess

the plasmadensityfalls, althoughthe scattelin the datais quitelarge.Onecauseof the scat-

teringin the rangeof densitybetween?2.5 and3 10*°m originatesin the dynamicsof the

ECH powerinjection:if thetransitiondoes

notoccurin thefirst 100msof theheating [ « | -2
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ahigherECH poweris neededor thesame e st g ® LHtrans. ||

valuesof the controllableplasmaparame-
ters.In somecaseso LH transitionis en-
counteredln thesecasesswell asatlower
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transitionwasobservedOnepossiblelink 2 25 3 35 4

. ) . i ity 11019m3
is adecreasén the couplingof theelectron Line averaged density {10™"m™]

andion populationsThe value of the cen- Figure 4: ECH Thresholdpowerasa functionof
the plasma line averaged density
tral plasmaemperatureouldevenbeused
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asanindicatorof the possibilityto geta LH

transition. _ [F——" [vanwas] F
Therefore,jn orderto reducethis scattering 2 2/ y;f;?y = LHuans. || § 73
in thedata,only theLH transitionsoccuring 5 1f ECH S
shortly after the beginningof the heating 3 ,, S |m Egrnessi?y L8 %
wereselectedWith thisreducecsetof tran- B || & o ® Ohmic g
sitionsthedependencef thetotal absorbed 2047 QD w 1'7?';
power,Pop + Pecyy Ontheplasmadensity o v N M-
is evencleareras shownon Figure5. It is 2 *° ' ! a
worth notingthatthis dependencestimated 2 25 3 35 4 45 5 °
asPyresnd Ne 12is in contradictiorwith the Line averaged density [10°m?|

ITER powerlaw scalingwherethethreshold Figure 5: LH transitionthres_holdpowerin ohmic

. L (v) and ECRH #) heated discharges.
power increasesas the density increases:
Pinresn@ N6 [2]. However,sucha nega-
tive dependencef the poweron the plasmadensitywasalreadyobservedon COMPASS,
wherethe LH transitionswereobtainedwith ECH powertoo [3]. Theseobservation®ntwo
differenttokamaksendto confirm the discrepencypetweenheatingschemesctingon the
ions or on the electrons, in terms of H-mode accessibility.
In this reducedsetof LH transitions the plasmaelongationseemgo havea little influence
on the thresholdpower. However,changesn 95 also occuredamongthesedischarges.
Therefore moreexperimentsarerequiredto decouplethe effect of the elongationfrom the
effect of the current profile.

CONCLUSION

LH transitionshaverecentlybeenobtainedin EC heatedplasmasn TCV. They were ob-
servedn arangeof low densityandhigh qgs valueswhereohmicLH transitionswerenever
achievedAs alreadynoticedin the ohmic case althoughat a higherdensity,a low density
threshold was found at approximatively 2.5%03 for the additionally heated discharges.
In theseexperimentsheLH thresholdpowerwasfoundto increaseasthe plasmadensityde-
creasesThis strongnegativedependences in contradictionwith the ITER thresholdpower
scaling[2]. The plasmashapehasnot showany significantinfluenceon the LH transition
with ECH so far.
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