27th EPS Conference on Contr. Fusion and Plasma Phys. Budapest, 12-16 June 2000 ECA Vol. 24B (2000) 177 -180

Ohmic H-mode Accessibility in Shaped TCV Plasmas

Y.R. Martin, B.P. Duval, J.-M. Moret, J.Rommers

Centre de Recherches en Physique des Plasmas
Association EURATOM - Confédération Suisse
Ecole Polytechnique Fédérale de Lausanne
CH-1015 Lausanne, Switzerland

INTRODUCTION

Futurefusionreactordike ITER areplannedto operatein the ELMy H-moderegime.The
H-modeis desiredbecausef its highconfinemenpropertieandELMs arenecessarjo con-
trol the plasmadensityandplasmaimpurities.ELMs, however represent threatto the di-

vertorplatesbecausef thedepositetheatflux if thedelaybetweerELMs becomesoolarge.
Thereforetheidentificationof the plasmaparametersvhich cancontrolthe ELM frequency
is necessaryThe strongshapingcapabilitiesof TCV canbe usedto investigatethe effectof

plasmashapeandpositionwith plasmagparametersnthe ELM activity. On TCV, additional
heatingcannot,asin othermachinegl, 2 andreferencesherein],beusedo accesadesired
ELMing regime. Thus, other machine or plasma parameters must be found.

H-modehavealreadybeenobtainedn ohmicTCV dischargesvith alargevarietyof plasma
shapescurrentsanddensitiesA largenumberof thesedischargefiladanELM free H-mode
phasenhile some seeminglysimilar dischargesexhibitedELMs. Thegoalof this studywas
to determinethe conditionsnecessaryor the productionof a stableELMy H-mode.These
dischargegould subsequentipe usedto studythe plasmabehaviourandELM dynamicsin

an ELMing regime.

In thisinitial investigationthe plasmacurrent,density,elongation triangularityandplasma
to wall gapswerescannedvhilst keepingthetoroidalmagnetidield atits nominalvalueof

1.4T.A singlenull divertorwith theion gradB drift directedawayfrom the X pointwascho-

senfor theseexperimentsThis configurationhasbeenextensivelyusedin previousexperi-

mentsandled to mostof the ELMy dischargegreviouslyobserven TCV. An ELM free

H-modeperiodon TCV resultsn theplasmadensityincreasinguntil thedischargeerminates
by a high densitydisruption.Sincemanysuchdischarge$fiadalreadybeenobtained plasma
parameterseadingto thisregimecouldbeavoided.In the sameway, discharges this con-

figurationwhichremainedn L-modewerealsoavoided.Fromdatabasstudiesof TCV dis-

charges, ELMs were expected for plasma parameters between these limits.

It wasfoundthatan ELMy regimecouldbeobtainedby passinghrougha smallbutwell de-
finedregionof theoperationalomain.Surprisingly largechangesn themachinecondition-
ing, (including a boronisation)did not significantly affect the position of this “gateway”
which wasusedto reliably accessan ELMy TCV regime( seenextsection). Oncein the
ELMy regime,the plasmawasfoundto berelativelyrobustto changesn the current,shape
anddensity.It wasthuspossibleto accessawiderrangeof plasmgparametersvhilst remain-
ing in anELMy regime.A subsequergectiondescribeshe operationaboundarie®f thees-
tablished ELMy regime and the limiting operational parameters.
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THE “GATEWAY” TO THE OHMIC ELMING REGIME
This sectionfirst presenthiowtheboundarie®f the ELMy “gateway”weredeterminedThe
plasmadischargesn this study were taggedwith one of the labels:ELMY for stationary
ELMy dischargesl. MODE for dischargesemainingin L-mode,ELMFREE for discharges
whichtransitedo anELM freephaseELMYL andELMYELMFREE wereattributecto dis-
chargesalternatingbetween
the two modesand ELMY-
FAIL was attributedto dis-
charges disrupting shortly
afterthetransition,for which L-mode

the modewas unknown.Ex- W

ample dischargesfor these
labels are shown in Fig. 1. S

The non stationaryELMing 3
dischargesvereclassifiedin 3

two categories: discharges
which ceasedto be ELMy

soonafterthe L-H transition | =~ ‘i
and dischargesvhose ELM 4””]“ ' “ |

frequency becameirregular ELTW

ELMy

ELMy-L

as a result of programmed
changesn someof the plas-
ma parameters (Fig 2).
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Figure 2: Time evolution of the safety factor for ELMy these limits were small.

L-mode and ELM free shots indicating the available range )i, the sameplasmashape
in qgs for accessing the ELMy regime. parametersthe plasmacur-
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rentmustnotexceed30KkA (or ggs<2.3)otherwisethetransitionleadsto anELM freephase.
A high density (> 6.18m™3) at the transition also led to an ELM free phase.

LH transitionswere alsoprovokedat higherplasmaelongation(in therangel.7 to 2.1) by
retardingtheformationof the SND configurationln otherwisesimilarly shapeglasmasvith
similardensitiestheL-H transitionwasobtainedat higherqgs, with roughly equalvaluesof
I, However thesetransitionsled to ELM free H-modes A reductionin the plasmadensity
attheL-H transitiontime resultedn L-modedischargesMinor changesn the plasmashape
at higherggs sometimesesultedin ELMs but with low frequencyandhigh amplitude.The
resultingperturbationin the control systemwas sufficient to lose vertical plasmaposition
controlandadisruption(VDE) endedhedischargeChangesn thecontrolobserversrebe-
ing developedo improvethis situation[3] which, for this paper Jimited the maximumplas-
ma elongation.

In summarythe“gateway”to theohmicELMy is boundedoy thefollowing limits in theop-
erational parameters :

Ib[MA] | hj10Mm9 K 5 gagy.w[m]
Min 0.35 4.5 1.6 0.5 0.01
Max 0.43 6.0 1.7 0.6 0.03

THE OPERATIONAL DOMAIN OF THE OHMIC ELMY REGIME

Oncein the ELMy regime,it wasthenpossibleto modify certainplasmaparametersvhile

preservingheELMs. Theplasmeelongationvasincreasedo k=2.1,with ggs approximately
constantasshownin Fig. 3a.Changesn ggs duringthe elongationrampresultedn vertical

stability problemsDecreases ggsloweredtheELM frequencyasmentionedabovewhere-
asincrease ggs madetheplasmaessvertically stable Moreover theplasmacurrentmust
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Figure 3: a) Accessiblelasmacurrentand elongationfor the ELMy H-mode b) Acces-
sible plasmadensityfor the ELMy H-mode.In both casesheseparameteranayonly be
obtained after passage through the ELMy “gateway”.
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be rampedsulfficiently slowly, or
the dischargeshowedspontaneous
H-L-H transitionsregimeor even  07;
returnedto L-modefor higherval-
ues of dj/dt.
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Oncein ELMy H-mode theplasma
density could be decreasedr in-
creased in the range between
4-10.13°m3. A stronggaspuff led
to alternatingELM freeandELMy ;55!
phasesandreducingthe densityfi-
nally led to a return to L-mode.
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Finally, small modificationsof the Time [s]

plasmatriangularityled to changes Figure 4: Time evolution of the triangularity for dif-
in the ELM accessibility(Fig 4). A ferent discharges. It showsthat low triangularity may
relativelysmallincreasen theplas- |ead to ELMy-L oscillations, whilst increasing thetri-
ma triangularity led to alternating angularity led to ELM free H-mode.

ELMy andELM freephasesvhere-

asaslightreductionin thetriangularityresultedn stabledischargesvith frequenttransitions
to L-mode.

CONCLUSION

A reliable ELMy H-moderegimewassuccessfullyobtainedin TCV. Accessto ELMy dis-
chargesvasonly possiblefor asmallregionof the operationablomain.Oncethis “gateway”
istraversedthe ELMing stateis stableto changesn theogerationaparametersi?Iasmaelon-
gationsfrom 1.6 -> 2.1, and densitiesfrom 4 -> 10 10°m3 were successfullyattainedby
passinghel-H transitionwith the“gateway”parameterandthenprogrammingplasmeacon-
trol changesAlthoughthe ELM frequencywasmodifiedfor thesedischargesthe ELMy re-
gimecharacteristicsvereconservedThetriangularitywaslimited betweer0.5and0.6 with
thedischargdransitingto anELM free phasdor highertriangularityandto ELMy-L regime
for lower triangularity.lt maybepossibleto extendthis rangeby compensatingheseeffects
with changes in other plasma parameters.

Thereliableaccess$o theELMy regimeon TCV openghewayfor thestudyof ELM dynam-
ics andplasmaconfinemenin this regime,bothwith andwithout ECH asa function of the
plasma shape.
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