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INTRODUCTION
Futurefusion reactorslike ITER areplannedto operatein theELMy H-moderegime.The
H-modeisdesiredbecauseof itshighconfinementpropertiesandELMsarenecessarytocon-
trol theplasmadensityandplasmaimpurities.ELMs, however,representa threatto thedi-
vertorplatesbecauseof thedepositedheatflux if thedelaybetweenELMs becomestoolarge.
Therefore,theidentificationof theplasmaparameterswhichcancontroltheELM frequency
is necessary.Thestrongshapingcapabilitiesof TCV canbeusedto investigatetheeffectof
plasmashapeandpositionwith plasmaparametersontheELM activity. OnTCV, additional
heatingcannot,asin othermachines[1, 2 andreferencestherein],beusedto accessadesired
ELMing regime. Thus, other machine or plasma parameters must be found.

H-modehavealreadybeenobtainedin ohmicTCV dischargeswith a largevarietyof plasma
shapes,currentsanddensities.A largenumberof thesedischargeshadanELM freeH-mode
phasewhile some,seeminglysimilardischarges,exhibitedELMs.Thegoalof thisstudywas
to determinetheconditionsnecessaryfor theproductionof a stableELMy H-mode.These
dischargescouldsubsequentlybeusedto studytheplasmabehaviourandELM dynamicsin
an ELMing regime.

In this initial investigation,theplasmacurrent,density,elongation,triangularityandplasma
to wall gapswerescannedwhilst keepingthetoroidalmagneticfield at its nominalvalueof
1.4T.A singlenull divertorwith theion gradB drift directedawayfrom theX pointwascho-
senfor theseexperiments.This configurationhasbeenextensivelyusedin previousexperi-
mentsandled to mostof theELMy dischargespreviouslyobservedon TCV. An ELM free
H-modeperiodonTCV resultsin theplasmadensityincreasinguntil thedischargeterminates
by ahighdensitydisruption.Sincemanysuchdischargeshadalreadybeenobtained,plasma
parametersleadingto this regimecouldbeavoided.In thesameway,dischargesin thiscon-
figurationwhich remainedin L-modewerealsoavoided.Fromdatabasestudiesof TCV dis-
charges, ELMs were expected for plasma parameters between these limits.

It wasfoundthatanELMy regimecouldbeobtainedby passingthroughasmallbutwell de-
finedregionof theoperationaldomain.Surprisingly,largechangesin themachinecondition-
ing, (including a boronisation)did not significantly affect the position of this “gateway”
which wasusedto reliably accessan ELMy TCV regime( seenext section). Oncein the
ELMy regime,theplasmawasfoundto berelativelyrobustto changesin thecurrent,shape
anddensity.It wasthuspossibleto accessawiderrangeof plasmaparameterswhilst remain-
ing in anELMy regime.A subsequentsectiondescribestheoperationalboundariesof thees-
tablished ELMy regime and the limiting operational parameters.
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THE “GATEWAY” TO THE OHMIC ELMING REGIME
Thissectionfirst presentshowtheboundariesof theELMy “gateway”weredetermined.The
plasmadischargesin this studywere taggedwith oneof the labels:ELMY for stationary
ELMy discharges,LMODE for dischargesremainingin L-mode,ELMFREEfor discharges
whichtransitedto anELM freephase,ELMYL andELMYELMFREE wereattributedto dis-
chargesalternatingbetween
the two modesand ELMY-
FAIL was attributedto dis-
charges disrupting shortly
afterthetransition,for which
the modewasunknown.Ex-
ample dischargesfor these
labels are shown in Fig. 1.
The non stationaryELMing
dischargeswereclassifiedin
two categories: discharges
which ceasedto be ELMy
soonafter the L-H transition
and dischargeswhoseELM
frequency becameirregular
as a result of programmed
changesin someof the plas-
ma parameters (Fig 2).

To passthe“gateway”to the
ELMy regime,threeparam-
eters must simultaneously
exceeda thresholdvalue to
obtain an H-mode: a) the
plasma current has to be
greater than 350kA or
equivalently q95 must be
lower than 3.0 with
κ=1.6-1.7and δ=0.5-0.6as
shownin Fig. 2; b) theplas-
ma line average density
mustexceed4.51019m-3; c)
the distance between the
plasmaandthetiles mustbe
greater than 1cm. The in-
ter-dependencies between
these limits were small.
With thesameplasmashape
parameters,the plasmacur-

Figure 1: Time evolution of the Dα emission from different
type of discharges as indicated on the left.
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Figure 2: Time evolution of the safety factor for ELMy
L-mode and ELM free shots indicating the available range
in q95 for accessing the ELMy regime.
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rentmustnotexceed430kA(or q95<2.3)otherwisethetransitionleadsto anELM freephase.
A high density (> 6.1019m-3) at the transition also led to an ELM free phase.

LH transitionswerealsoprovokedat higherplasmaelongation(in the range1.7 to 2.1) by
retardingtheformationof theSNDconfiguration.In otherwisesimilarly shapedplasmaswith
similardensities,theL-H transitionwasobtainedathigherq95, with roughlyequalvaluesof
Ip. However,thesetransitionsled to ELM freeH-modes.A reductionin theplasmadensity
at theL-H transitiontimeresultedin L-modedischarges.Minor changesin theplasmashape
at higherq95 sometimesresultedin ELMs but with low frequencyandhigh amplitude.The
resultingperturbationin the control systemwassufficient to losevertical plasmaposition
controlandadisruption(VDE) endedthedischarge.Changesin thecontrolobserversarebe-
ing developedto improvethissituation[3] which, for thispaper,limited themaximumplas-
ma elongation.

In summary,the“gateway”to theohmicELMy is boundedby thefollowing limits in theop-
erational parameters :

THE OPERATIONAL DOMAIN OF THE OHMIC ELMY REGIME
Oncein theELMy regime,it wasthenpossibleto modify certainplasmaparameterswhile
preservingtheELMs.Theplasmaelongationwasincreasedto κ=2.1,with q95approximately
constant,asshownin Fig. 3a.Changesin q95 duringtheelongationrampresultedin vertical
stabilityproblems.Decreasesin q95 loweredtheELM frequency,asmentionedabove,where-
asincreasesin q95 madetheplasmalessverticallystable.Moreover,theplasmacurrentmust

Ip [MA] ne[1019m-3] κ δ gappl-w[m]

Min 0.35 4.5 1.6 0.5 0.01

Max 0.43 6.0 1.7 0.6 0.03

Figure 3: a) Accessibleplasmacurrentandelongationfor theELMy H-mode.b) Acces-
sibleplasmadensityfor theELMy H-mode.In bothcasestheseparametersmayonly be
obtained after passage through the ELMy “gateway”.
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be rampedsufficiently slowly, or
the dischargeshowedspontaneous
H-L-H transitionsregime or even
returnedto L-modefor higherval-
ues of dIp/dt.

Oncein ELMy H-mode,theplasma
density could be decreasedor in-
creased in the range between
4-10.1019m-3. A stronggaspuff led
to alternatingELM freeandELMy
phasesandreducingthedensityfi-
nally led to a return to L-mode.

Finally, small modificationsof the
plasmatriangularityled to changes
in theELM accessibility(Fig 4). A
relativelysmallincreasein theplas-
ma triangularity led to alternating
ELMy andELM freephaseswhere-
asaslight reductionin thetriangularityresultedin stabledischargeswith frequenttransitions
to L-mode.

CONCLUSION
A reliableELMy H-moderegimewassuccessfullyobtainedin TCV. Accessto ELMy dis-
chargeswasonly possiblefor asmallregionof theoperationaldomain.Oncethis “gateway”
is traversed,theELMing stateis stableto changesin theoperationalparameters.Plasmaelon-
gationsfrom 1.6 -> 2.1, anddensitiesfrom 4 -> 10 1019m-3 weresuccessfullyattainedby
passingtheL-H transitionwith the“gateway”parametersandthenprogrammingplasmacon-
trol changes.AlthoughtheELM frequencywasmodifiedfor thesedischarges,theELMy re-
gimecharacteristicswereconserved.Thetriangularitywaslimited between0.5and0.6with
thedischargetransitingto anELM freephasefor highertriangularityandto ELMy-L regime
for lower triangularity.It maybepossibleto extendthis rangeby compensatingtheseeffects
with changes in other plasma parameters.
Thereliableaccessto theELMy regimeonTCV opensthewayfor thestudyof ELM dynam-
ics andplasmaconfinementin this regime,bothwith andwithout ECH asa functionof the
plasma shape.
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Figure 4: Time evolution of the triangularity for dif-
ferent discharges. It shows that low triangularity may
lead to ELMy-L oscillations, whilst increasing the tri-
angularity led to ELM free H-mode.
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