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L-mode to H-mode Transitions with ECH in TCV Plasmas - First Results
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INTRODUCTION
A high power ECH systemis currently being installed on TCV (R=0.88m, a≤0.25m,
Ip≤1MA, B≤1.5T,1≤κ≤2.56,-0.7≤δ≤0.9).Theheatingsystemnow consistsof 3 gyrotrons
eachwith amaximumpowerof 0.5MW.TheECpower(82.7GHz)canbelaunchedwith any
polarisationfrom X2- to O2-modeandthemirrorsat theendof thewavelauncherscanbe
adjustedto getthewavepowerdepositionat therequestedverticalposition.In theseexperi-
ments,the depositionregionswerechosensuchas to obtaina smoothpowerdistribution
alongtheplasmaminor radius.Theradialpositionof theresonancecorrespondsto themajor
radiusof theplasmafor thenominalfield. Therefore,toroidalmagneticfield scansareunfor-
tunatelynot possible,althoughhighly desirablefor theLH transitionsstudies.With this EC
frequency and magnetic field, the cut-off density lies at 4.25 1019m-3.
AlthoughOhmicH-modesareregularlyobtainedin awidevarietyof TCV plasmas(limited
or diverted,singlenull or doublenull, 3 <ne<9 1019m-3, 1.1≤B≤1.5,1.05≤κ≤2.05,-.2≤δ≤0.7,
2.05≤q≤4), LH transitionswereonly rarelyobservedin low densityplasmas(ne≤4 1019m-3).
Thus,thefirst goalof theseexperimentswasto find outwhethertheH-modewasaccessible
with a low density ECH target plasma.
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Figure1: OperationalDomainwhereLH transitionswereob-
tained both for ECRH (■) and Ohmic heating (▼)



26th EPS CCFPP 1999 ; Y.R.Martin et al.: L-mode to H-mode Transitions with ECH in TCV Plasmas - First...

1078

OPERATIONAL DOMAIN FOR LH TRANSITIONS IN ECH PLASMAS
Therangeof stationnaryplasmaparameterssuitablefor ECHinjectionwasfoundto berather
small.Theappearanceof fatal modesoccuringwhencrossingof q95=3 and4 in low density
plasmasimplied operationat higherq95 which is at the limit for vertical stability of highly
elongatedplasmas.Nevertheless,LH transitionshavebeenobtainedin this regionof theop-
erationaldomain.Moreover,thelow densitylimit for ohmicH-modeaccessibilityis lowered
whenECHpoweris added.Theincreasedoperationaldomaincoveredby thesetransitionsis
shown in Figure 1, together with the range covered by the ohmic transitions.
Thesetransitionswereobtainedin
discharges with 3 successive
ramps of the ECH power while
keepingall other plasmaparame-
tersconstant,asshownon Figure
2.Fromshottoshot,thetransitions
occuredat different valuesof in-
jectedECH power,dependingon
theplasmaparameters.In orderto
determine the relationship be-
tween the amount of additional
powerand the plasmaparameters
at theLH transition,theestimation
of thepowerabsorbedby theplas-
ma must be addressed.

ESTIMATED ABSORBED ECH POWER INTO THE PLASMA
For all 3 gyrotrons,theECH powerinjectedin
theplasmais measuredneartheendof thewave
guideswith 10%accuracy.However,thedensi-
ty profiles measuredby Thomsonscattering
showacentralplasmaregion,upto ρ=0.5,with
a local densityabovethe cut-off densityfor a
line averagedensityof 3.5 1019m-3. This im-
plies a significant refractionof the beamsand
possiblythe lossof the first passabsorbtionat
theresonancelocation.Powernot absorbedon
thefirst passwill eitherbeabsorbedin theplas-
ma after many reflections, absorbedby the
wallscoveredby Carbontilesor leavethetorus
through the ports.
To estimatethe first pathabsorbtion,a 3D ray
tracingcode,TORAY, hasbeenused[1]. From

Figure2: Timeevolutionof a dischargewith a LH transitionin-
ducedby theECHpower.Thepoloidalcrosssectionshowsthe
plasmashapeat theLH transitionindicatedbytheverticalline.
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Figure 3: Normalisedminor radius (ρ) of
theplasmawherethedensityequalstheEC
cut-offdensityasa functionof theline aver-
aged density.
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theknowledgeof theplasmashape,theECHinjectiongeometry,thedensityandtemperature
profile, thiscodedeterminesthetrajectoryof thebeamsin theplasmaandcalculatesthefrac-
tion of the power which is deposited at the resonance for each beam.
Althoughthe launcherangleswereadjustedto direct thebeamsmostly to largeρ’s, theab-
sorbedpowerin thefirst pathwasaslow as20%(ne> 3.51019m-3). It is importantto deter-
minewhatfractionof thepowernotabsorbedon thefirst passis absorbedin theplasma.For
thesefirst experimentswith similarshapesanddensityprofiles,asimplemodelwasusedcon-
sistingof asimplifiedraytracingcodewherethebeamreflectsat thewall andtheplasma.At
eachinteractionafractionof thepoweris absorbeddependingonthenatureof thereflection:
wall, window,absorbingor refractingplasma.Theabsorbtioncoefficientof thewall is based
on anempiricalvalueof thereflexionof thewaveon Carbontiles.Theeffectof a variation
of this parameteraroundtheexperimentalvalueof 0.95is moreimportantthanthefraction
of refractingplasma.By meansof this model,theabsorbedpoweraftermultiple reflections
wasestimatedto beabout50%on averagefor theseshots.Hence,theabsorbedECH power
can be expressed, for these experiments, as

PECH,abs = PECH,inj * A toray + PECH,inj * (1-Atoray) * 0.5

In orderto testthevalidity of themodelsusedfor theestimationof theabsorbedpower,the
O2polarisationof thewaveswasusedin two otherwiseidenticaldischargespreviouslyheat-
edwith theX2 polarisation.LH transitionsoccuredwith bothpolarisationsof thewavesand,
oncecorrectedusingtheabovemodel,theabsorbedECHpowerat theLH transitionsagreed
within 10 %, which is a first confirmation of the modelling.
Figure4 showsthe relationshipbetweenthe line averageplasmadensityandthe absorbed
ECH powerasdefinedpreviously.TheECH powerat theLH transitionclearly increasesas
theplasmadensityfalls, althoughthescatterin thedatais quitelarge.Onecauseof thescat-
tering in the rangeof densitybetween2.5 and3 1019m-3 originatesin the dynamicsof the
ECHpowerinjection:if thetransitiondoes
not occurin thefirst 100msof theheating
phase,it mayoccasionallyhappenlaterbut
ahigherECHpoweris neededfor thesame
valuesof the controllableplasmaparame-
ters.In somecasesno LH transitionis en-
countered.In thesecasesaswell asatlower
densities(ne<2.51019m-3), thecentralelec-
trontemperatureis foundto increaseabove
1.2keV. Above this temperature,no LH
transitionwasobserved.Onepossiblelink
is adecreasein thecouplingof theelectron
andion populations.Thevalueof thecen-
tral plasmatemperaturecouldevenbeused
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Figure 4: ECH Thresholdpowerasa functionof
the plasma line averaged density
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asanindicatorof thepossibilityto getaLH
transition.
Therefore,in orderto reducethis scattering
in thedata,only theLH transitionsoccuring
shortly after the beginningof the heating
wereselected.With this reducedsetof tran-
sitionsthedependenceof thetotal absorbed
power,POHM + PECH, ontheplasmadensity
is evenclearerasshownon Figure5. It is
worthnotingthatthisdependenceestimated
asPthreshα ne

-1.5 is in contradictionwith the
ITERpowerlawscalingwherethethreshold
power increasesas the density increases:
Pthreshα ne

0.67 [2]. However,sucha nega-
tive dependenceof the poweron the plasmadensitywasalreadyobservedon COMPASS,
wheretheLH transitionswereobtainedwith ECHpowertoo [3]. Theseobservationson two
different tokamakstendto confirm thediscrepencybetweenheatingschemesactingon the
ions or on the electrons, in terms of H-mode accessibility.
In this reducedsetof LH transitions,theplasmaelongationseemsto havea little influence
on the thresholdpower. However,changesin q95 also occuredamongthesedischarges.
Therefore,moreexperimentsarerequiredto decoupletheeffectof theelongationfrom the
effect of the current profile.

CONCLUSION
LH transitionshaverecentlybeenobtainedin EC heatedplasmasin TCV. They wereob-
servedin a rangeof low densityandhighq95 valueswhereohmicLH transitionswerenever
achieved.As alreadynoticedin theohmiccase,althoughat a higherdensity,a low density
threshold was found at approximatively 2.5 1019m-3 for the additionally heated discharges.
In theseexperimentstheLH thresholdpowerwasfoundto increaseastheplasmadensityde-
creases.This strongnegativedependenceis in contradictionwith theITER thresholdpower
scaling[2]. The plasmashapehasnot showany significant influenceon the LH transition
with ECH so far.
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Figure 5: LH transition thresholdpowerin ohmic
(▼) and ECRH (■) heated discharges.
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