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Abstract. Resultsof stabilizationof neoclassicatearingmodes(NTMs) with electroncyclotron current
drive (ECCD)in JT-60U are describedwith the emphasion effective stabilization: (1) identi cation of the
minimumelectroncyclotron(EC) wave power for completestabilization (2) stabilizationby modulatedeCCD
in synchronizatiomwith moderotation,(3) modellingof NTM behaior usingthe modi ed Rutherfordequation
(MRE) and comparisonof the coefcients in the MRE betweenJT-60U and ASDEX-U. For unmodulated
ECCD, minimum EC wave power for completestabilizationof an m=n=2=1 NTM hasbeenexperimentally
identi ed as0.2< jec=jps< 0.4for Wsa=dec 3 andWsarWinag 2, and0.35 jec=jps< 0.46for Wsar=dec 1.5
andWsarWhag 2. Here,m andn arepoloidalandtoroidalmodenumbers;jec and jgs areEC-drivencurrent
densityandbootstrapcurrentdensityat the moderational surface; Wsa, Winag anddec arefull islandwidth
at saturationmamginal islandwidth at which theislandspontaneousigecaysandfull width at half maximum
of ECCD pro le, respeciiely. Stabilizationof a 2=1 NTM with modulatedECCD in synchronizatiorwith
moderotationat about5 kHz hasbeenperformed. It hasbeenexperimentallyfound that modulatedECCD
hasabouttwice strongerstabilizationeffect thanunmodulated=eCCD for O-point ECCD. Degradationof the
stabilizationeffect hasbeenobsered as the phasedifferencebetweenthe modulatedECCD and island O-
pointincreaseskor modulationout of phasewhich correspondso X-point ECCD,NTM amplitudeincreased,
shaving destabilizatioreffect. In addition,evolution of magneticislandassociateavith anm=n= 3=2 NTM
hasbeencomparedn JT-60U and ASDEX-U basedon the modi ed Rutherfordequation.It hasbeenfound
thatthe value of the coefcient describingthe contritution from bootstrapcurrentis in the orderof unity in
bothdevices.

1. Intr oduction

To sustaina high-betaplasmawith positve magneticsheay for examplethe ITER standardopera-
tion andHybrid operationcontrolof NTMs is essentiakincethey degradeplasmaperformancend
sometimescausedisruption. In particulay an NTM with the poloidal modenumberm = 2 andthe
toroidalmodenumbem = 1is neededo besuppressesdinceits effecton plasmass serious:asshovn
later, the degradationof the betavaluetypically 30-50%in JT-60U experiments.

In JT-60U, two scenariogor NTM suppressioinave beendeveloped. Onescenarios NTM avoid-
ance,wherethe onsetof NTM is avoidedby optimizing currentand pressureoro les. In previous
JT-60U experiments,long-durationsustainmenbdf high-betaplasmawas demonstratedl, 2]. Al-

thoughthis scenarias advantageous thatonly neutralbeam(NB) is required,the optimizationis
not necessarilyconsistentvith otherfactorssuchascurrentdrive. The otherscenarids stabilization
by localizedcurrentdrive. NTM stabilizationusingEC wave is consideredo be mostpromisingdue
to its ability of highly localizedcurrentdrive. In JT-60U, experimenton NTM stabilizationusing
ECCD hasbeenperformedsincethe installationof the rst gyrotronin 1999,andseveralinnovative
stabilizationtechnique$ave beendemonstrateduchasstabilizationby real-timesteeringof EC mir-

ror [3], preemptivestabilization[4] etc. In addition,simulationof NTM evolution usingthe TOPICS
codehasbeenalsoperformed5-7], andtheislandevolution wasreproducedy determiningthe un-
derminedcoefcients from experimentaldata. However, detailedresearcton effective stabilization,
whichis animportantissuealsoin ITER, wasremainedasfuturework.

This paperdescribegesultsof active control of an m=n = 2=1 NTM usinglocalizedECCD at the
modelocationin JT-60U and comparatire studyof NTM simulationusingthe modi ed Rutherford
equationn JT-60U andASDEX-U. In Section2, resultof theidenti cation of the minimumrequired
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EC wave power to completelystabilizea 2=1 NTM is describedIn expedientsthe minimumpower
in two differentregimeswith the toroidal magnetic eld of 3.7 T and1.7 T, hasbeeninvestigated.
In Section3, resultof NTM stabilizationwith modulatedECCD is described.EC wave power was
modulatedn synchronizatiorwith the moderotationfrequeng (5 kHz). Effect of the phasedif-
ferencebetweermagneticperturbation@ndmodulatede C wave hasbeeninvestigated Comparison
with unmodulatedECCDis alsodescribedIn Section4, resultof comparatie studyof a 3=2 NTM
in JT-60U andASDEX-U is describedAnd nally , summaryof this papens describedn Section5.

2. Minimum EC Wave Power for Complete Stabilization

As shown in the previoussection NTM stabilizationusingECCD hasbeenextensiely preformedn

JT-60U.However, asin otherdevices,NTMs wereoverstabilizedn mostcaseswhereECwave power
waslargerthantheminimumrequiredpower. AlthoughNTMs shouldbestabilizedwith lessECwave
power in ITER, it is still uncertainhow much EC wave power is requiredat the minimum. Thus,
identi cation of theminimumrequiredEC wave poweris animportantissue.To clarify theminimum
requiredpower, stabilizationof anm=n = 2=1 NTM with reducedeC wave powerwasperformed A

partof theseexperimentsvasdoneremotelyfrom Max-Planck-Institutur PlasmaphysikKIPP)using
anewly developedremoteexperimentsystemwhereexperimentalconditionwassetat IPP andsent
to the JT-60 controlroomunderhigh security[8].

Experimentavereperformedn two differentregimeswith differenttoroidal eld at3.7 T (‘casel’)
and1.7T (‘case2'). Typical waveform of the experimentat high eld (casel) is shavn in Fig. 1,
whereplasmacurrentl, = 1.5 MA, toroidal eld By = 3.7 T, safetyfactorat 95% ux surfaceqgs =
4:1, majorradiusR= 3:18 m, minorradiusa= 0:80 m, triangularityatthe separatrixdy = 0:20. The
toroidal eld was x edin time throughoutthis andall otherdischages. In this seriesof dischage,
neutralbeamsof about25 MW wasinjectedandthe normalizedbetaby increasedo about2. An
NTM with m=n = 2=1 appearedtt 5.7 s, andthevalueof by decreaset aboutl.4. Sincethe
modelocked soonafterthe onsetthe behaior is not clearfrom the frequeng spectrumn Fig. 1(c).
At t = 7 s, NB power was decrease@nd the direction of the tangentialNBs was changedfrom
balancednjectionto counterinjectionto raisethe modefrequeny. The2=1 NTM startedto rotate
in the counterdirectionatt = 7:5 s, andthe modefrequeng saturatedat about4-5kHz asshavnin
Fig. 1(c). Electroncyclotron wave with the frequeng of 110 GHz wasinjectedatt = 9:5 s by up
to 3 gyrotrons. By changingthe power and combinationof the gyrotrons,variousinjection power
becomegossible.Injectionangleof EC wave, i.e. ECCD location,was x edduringthe ECCDin
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FIG. 3. Tempoal evolution of magnetic perturbationamplitudenear the thresholdEC power for
(a) casel and(b) case2.

all dischagesafterthe optimuminjectionanglewasdeterminedTemporalevolution of the structure
of magneticisland measuredvith electroncyclotron emission(ECE) radiometerwith the channel
separatiorof about2 cm, which correspondso 0.02in the volume averagedminor radius(r), is

shavn in Fig. 1(d). Thetwo bright peakscorrespondo the separatrixof of the island,andthe dark
region betweerthe two peakscorrespondo the centerof theisland. Note thatin this dischage the
majorradiuswasshiftedinwardby 4 cmatt = 8.0-8.5s. The shift is clearlyseenin the contourplot.

As shawvn in this gure, the centerpositionof magneticislandis unchangedaluringthe ECCD, and
shot-to-shotifferenceof theislandcenteris lessthanthe channekeparatiorof the ECEradiometer
The modelocation,r g, is about0.6, andthefull islandwidth beforeECCD,Wsg;, is 0.12(The value
is normalizedby the plasmaminor radius.).After the ECCD, the distancebetweerthe two peaksin

Fig. 1(d), which correspondso the full islandwidth, decreasesandthe 2=1 NTM wascompletely
stabilizedatt = 12.0s.

Similar experimentswere doneat lower eld with the secondharmonicX-mode ECCD (‘case2').

Typical plasmaparametersare as follows: Ip = 0:85 MA, B;= 1.7 T, R= 3:38 m, a= 0:88 m,
Qos = 3:5, dk = 0:37. Dischage scenariois similar to the casel: anm=n= 2=1 NTM was rst

destabilizedat by 3 by high-paver NB, andthenthe power wassteppeddownn to 1.5. Thevalues
of rsandWsgtare 0.6 and0.15,respectiely.

Plasmacon gurationsof thetwo dischage regimesareshavn in Figs.2(a)and2(b). The cold reso-
nancesurfaceof 110 GHz EC wave with the fundamentaD-modeandthe seconcharmonicX-mode
is locatedat 3.02and2.95min the con guration,respectiely. Sincethe EC wave is injectedtangen-
tially to the ux surface,narrov ECCD depositionwidth is obtained.The poloidalinjectionangles
for thecasel and2 arel6 andl13 , respectrely (Theangleis asthedepressiomngle). Thetoroidal
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injectionangleis 22 in thesecon gurations.Pro le andamountof EC-drivencurrentwerecalcu-
latedby a Fokker-Planckcode EC-HamamatsuTl hefull-width athalf maximumof ECCDdeposition
width, dec, is 0.08for the casel and0.05for the case2.

Figure3 shavstemporalevolutionof magnetigerturbatioramplitude B, neartheminimumECwave
power for completestabilization. For the casel, while the 2=1 modewas completelystabilizedfor
ECwave powerPzc= 1.3MW, it wasnotcompletelystabilizedfor Pec= 1.0 MW. Thus,theminimum
EC wave power is locatedbetweenl.0 and 1.3 MW in this experimentalcondition. For the case2,
the stabilizationeffect becomesveak with decreasing=eC wave power, and completestabilization
wasnot achieredfor P=c= 0.3 MW. Thus,the minimum EC wave power is locatedbetweer).3 and
0.5MW in this experimentakondition.

It can be seenfrom both experimentalregimesthat the island evolution is similar: the island rst
decaysaandthenslowsdown and nally rapidlydecays.Thebehaior is consistentwith thedescription
of the modi ed Rutherfordequation,andit was alsoobsered in previous NTM experiments[7].
Thewidth at which the nal rapid decaybeginsis referredto asthe marginal islandwidth (the full
width of themamginalislandwidth is describedhsWiag hereafter)andcross-machineomparisorof

Whag of anm=n = 3=2 NTM wasdonebefore[9]. In Fig. 3, B reachingthe mamginal islandwidth
correspondso  1:2 for thecasel and 1:8 for the case2, which correspondo Wiyag = 0.06and
0.08, respectrely. The maginal islandwidth canbe also estimatedoughly by steppingdown the
NB power andinvestigatingthe betavalue at which the NTM spontaneousdecays. For the casel
and2, themauginal by value, b®®, is 0.4 and0.8, respectiely. By assuminghatthe islandwidth
is proportionalto the betavalue, which is reasonablessumptiorfor NTM, this resultis roughly
consistentvith theresultof theabose maginal islandwidth.

In NTM stabilizationwith ECCD, the ratio of EC-driven currentdensity(jgc) to bootstrapcurrent
density(jgs) atthe moderationalsurfaceis animportantparameterin addition,ECCD deposition
width with respectto the maginal island width is anotherimportantparametebecauseéC-driven
currentinsidetheislandO-pointdecreaseastheNTM is stabilizedf ECCDdepositiorwidth is com-
parableor widerthanthemamginalislandwidth, whichis thecasefor mostexperimentakonditionsin

JT-60U andalsoin ITER. Accordingto theresultsirom ACCOME andEC-Hamamatsgodecalcu-
lations, Therangeof thevalueof jec=jgs 0.3 jec=)gs< 0.46for thecasel and0.2< jgc=jgs< 0.4
for the case2. In previous JT-60U experiments,an m=n=2=1 NTM was completelystabilizedat
jec=jss = 0:5with fundamentaD-modeECCD, but the minimum valueof requiredEC-drivencur-

rent could not be identi ed [7]. The previous resultis consistentwith the above new result. The
parameter thesetwo regimesaresummarizedn Tablel.

Sincethe ECCD depositionwidth with respecto the saturatedslandwidth is differentbetweerthe
two operatiorregimes theeffect of misalignmenbon NTM wasalsoinvestigated Althoughtheeffect
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of ECCD depositionwidth on NTM stabilizationwas previously investigatedoy TOPICSsimula-
tion [7], experimentaleri cation hasnotbeenperformedyet. Figure4 shavs amplitudeof magnetic
perturbationafter ECCD asa function of ECCD locationrelative to the moderationalsurface. The
value of the vertical axis is normalizedto magneticperturbationamplitudebefore ECCD, andthe
valueof the horizontalaxisis normalizedby dgc. The closedsymbolscorrespondo the casel, and
the opensymbolscorrespondo the case2. In bothcasesjec=jgs 1 andWsarWmag 2. It canbe
seernthatsimilar V-shapepro le is obtainedor bothcaseslt is alsofoundthatthedependencef the
stabilizationeffect on misalignmenbecomesimilar by usingthe normalizedparametervhile with-

outthenormalizationallowablemisalignmentecreasewith decreasingcCCD depositionwidth.

3. Stabilization of 2=1 NTM by Modulated ECCD

Stabilizationof NTMs with modulatedeCCDis thoughtto be moreeffective thanwith unmodulated
ECCD.In experimentsstabilizationof anm=n = 3=2 NTM by modulatedseconcharmonicX-mode

EC wave waspreviously performedin ASDEX-U [10,11]. Sinceaddingan ability to modulateEC

wave at several kHz imposessigni cant changesn designinggyrotrons,it is importantto perform

stabilizationof a moredangerou®2=1 NTM andclarify whethermodulatedECCD is actuallymore

effective andhow muchthe superiorityis. In addition,issuesin performingthe modulatedECCD

shouldbeclari ed in orderto make NTM stabilizationin ITER reliable.

In JT-60U experiments,power modulationat several tensof Hz hasbeendoneto investigateheat
wave propagatiorsincetheinitial phaseof the rst gyrotronoperatior{12]. Althoughthemodulation
frequeng hadbeenincreased/earby year the EC wave wasnot injectedto a plasmabecausdhe

frequeny is ratherlow for NTM stabilizationexperiments,where modulationfrequeng of about
5kHzisrequired.In 2008,thecontrolsystenof gyrotronsvasmodi ed to achieze highermodulation
frequeny upto 7 kHz, and fast power down at eachpower modulation[13]. To synchronize
the EC wave with NTM rotation, signalfrom a magneticprobewas sentto the control systemof

gyrotrons.Themagnetiqrobeis located13.5 belown thehorizontalmidplaneand87 apartfrom the
EC antennan thetoroidal direction(SeeFig. 2(c)). Thetoroidalanglebetweerthe magneticprobe
andtheintersectiorof the EC ray trajectoryandthe cold resonanceurfaceis about78 .

In theseexperimentsthe modefrequeny aswell asthe modelocationstaysalmostconstantn the
steadystatephasgt 9 sin this dischage condition;seeFig. 1 for example).However, in general,
modefrequeng canchangen time. In the modulationsystemmodefrequeng is monitoredin real
time, andthetrigger signalfor the modulationis generateagccordingly[13]. The effectivenessvas
experimentallydemonstratedsshown in Fig. 5, whereplasmacon guration anddischage scenario
arethesameasin Fig. 1. In this dischage, the modefrequeng changedrom 4.3to 6.1 kHz during
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FIG. 6. Tempoal evolution of magneticperturbationamplitude EC wavepower meagneticprobesignal
andgyrotron powerfor (a) 0 , (b) 90 and180 phasedifferences.

ECCD.As canbeseenin this gure, thetriggersignalwassuccessfullygenerated synchronization
with themagnetigerturbationsNotethatin themodulationsystenthetriggersignalis generatedby
takinginto accountthe delaytime of the actualpower down from thetrigger. In this dischage, the
2=1 NTM wascompletelystabilizedatt = 10:4 s.

In modulatinge CCD,phasdifferencebetweemmodulated=C wave andmagnetigerturbatiorsignal
is important: stabilizationeffect reacheghe maximumwhenthe phasedifferenceis the one corre-
spondingto O-pointECCD; stabilizationeffect wealensandevenbecomesegative (i.e. destabiliza-
tion) asthe phasedifferenceincreases Although calculationof the stabilizationeffect canbe done
basednanumericaimodel,experimentaleri cation is essentiato make abetterpredictionof NTM
stabilizationin ITER. To investigatethe effect of the phasedifference the delaytime wasscanned.
Figure 6 shavs temporalevolution of magneticperturbationamplitudefor the phasedifferencesof
0,90 and180 . Notethatthe valueof the phasedifferenceis de ned just asthe phasedifference
betweenheraw signals. Theinjectedpower of EC wave from gyrotron#3 and#2 is both 0.6 MW.
Thepoweris modulatedas0-100%for #3 and20-100%for #2 with respecto the peakpower. (Note
thatthe EC wave power in thetop gures of Fig. 6 doesnot re ect the real waveform dueto slow
datasampling.).Duty cycle of the modulatedECCDis 50%, thatis, 50% on-timeand50% off-time
asshawn in this gure. FortheO case stabilizationeffectis seenduring ECCD, andthe magnetic
perturbatioramplitudeincreasesftertheturnoff of the EC wave injection. For the90 casenoclear
effect of ECCDis seen.As shawn in the expandedvaveformsof the magneticperturbatiorandEC
wave, the phaseof modulationis actuallyshiftedasexpected.And for the 180 case the magnetic
perturbationamplitudeslightly increasesand it decreasesfter the turnoff the EC wave injection,
shaving a destabilizatioreffect.

Figure7 shavs thedependencef theinitial decaytime, t gecay ONthe phasedifferencearoundzero.
Here,t jecayWasobtainedoy tting themagnetiqerturbatioramplitudeas exp[ t=tgecay by Using
theinitial 300 ms datafrom the startof modulationin orderto seethe ECCD effect alone. As seen
from this gure, the decaytime reacha minimum at about 10 , which correspondgo O-point
ECCD. For unmodulatedeCCD with the samepeakpower, the decaytime is about4 s, which is
muchlargerthanthe above casesshowving the superiorityof modulatedeCCDat (or near)theisland
O-point. Theoffsetof theminimumphasaifferencecanbeexplainedby thedifferencen thetoroidal
andpoloidal anglesbetweernthe ECCD locationandthe magneticprobeby taking into accountthe
phasevariationby nj + mg withj 78 ,q 120+ 135, m= 2 andn= 1. Similar example
shaving the superiorityof O-point ECCD is shawvn in Fig. 8. In this dischage, modulatedECCD
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with onegyrotronwasfollowed by unmodulatede CCD with two gyrotrons.The phaseadifferenceof
themodulatedECCDis about 65 . Decaytime of the modulatedECCD andunmodulatedeCCD
is 1.9sand1.5s, respectiely. As seenfrom this gure, the stabilizationeffectis similar in spiteof
higherunmodulategoower andunperfectO-pointECCD.

In atheoreticalmodel, stabilizationef ciency is describedoy integratingthe currentpro le on the
island ux surface[14,15]. Theefciency hgc is afunctionof full islandwidth (W), misalignment
of ECCD location (Dr gc), ECCD depositionwidth. For modulatedECCD, the duty ratio (t guty)
andthe centerphaseof the modulation(ac) enterthe hgc function. The value of hgc is 0.43for
W=dgc = 0:15, Dregc=dec = 0:25, tquy = 0:5 andac = 0, which arethe valuesin the modulated
ECCD experiments.Thevalueof hgc for unmodulatedECCDis 0.15(W=dgc = 0:15, Drgc=degc =
0:25), shaving thatthe modelis consistentvith the experimentaresults.

It will beusefulto discusgechnicalissuesve metin performingthe modulatedECCD experiments.
As showvn above, the EC wave was modulatedby referringa magneticperturbationsignal sincein
JT-60U a signal-to-noiseatio of the magnetigoerturbatiorsignalis betterthanECE signal. In some
of the NTM experimentsan instability otherthanan m=n = 2=1 modewasobsenred, suchas 3=2
mode.Althoughthe amplitudewasmuchsmallerthanthe 2=1 modeat the saturatiorphasejt could
not be nggligible asthe 2=1 modewasstabilizedby ECCD. In suchsituation,thetrigger signalwas
notgeneratedswe expectedwherethefrequeng of thetriggersignalwashigherthanthefrequeny
of the 2=1 modein mostcases.In our modulationsystem,a protectioncircuit was added,where
modulationis stoppedf the modefrequeng deviatesfrom a certainrange.In addition,sharppulses
dueto anELM could affect the magneticprobesignal. Perturbatiorby ELM wasnot so seriousin
theJT-60UNTM experimentdecausehe 2=1 modefrequeny (5 kHz) wasmuchhigherthanthe
ELM frequeny (severaltensof Hz), andthe amplitudeof anELM wassmalldueto relatively small
NB power. However, in generalsuchELM effectwill not be neggligible in a higherpower (i.e. high
beta)regime. Thus,for futureexperimentsdevelopmenbf pre-processingchemef magnetiqrobe
signalswill beimportant.

4. Comparisonof NTM Evolution betweenJT-60U and ASDEX-U

Evolution of magnetidslandassociateavith NTMs is describedy themodi ed Rutherfordequation
(MRE). Sincethe MRE containsundeterminedoefcients for thecontritution from differentphysics
suchastheeffect of bootstrapthe GlasseiGreene-JohnsofGGJ)effect. Determinatiorof therange
of the coefcients is importantto predictthe behaior of NTMs in ITER andestablishscenariogor

the controlthe NTMs. Although tting of experimentaldatawith the MRE andsimulationof NTM

stabilizationwere previously performedindependentlyn JT-60U [5-7] andASDEX-U [16,17], the
form of the MRE wasnot identical. To understandhe NTM physicsin a wider parameterange,
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comparisonof the coefcients betweenASDEX-U and JT-60U for anm=n = 3=2 NTM hasbeen
performedoy usingthe sameform of the MRE andthe sameanalysismethod[18].

The MRE usedin this comparisornis asfollows: r
(tszrs)(d\/\/:dt):rSDO+Csal(rSDgGJ+rSDgS)_ Here’ . .....|.........................

0 oA . . L O ASDEX-U |/
ts, rs and D%, aretheresistve timescaleminor radius : 0 JT-60U
atthemoderationalsuriaceandthetearingparameter 1k o 0O ]
respectiely. D8s andD s standfor contritutionfrom .~ | o0 8 oo
bootstrapcurrentandthe GGJeffect, respectiely, and & oo 2

they areevaluatedoy usingparameteratthe modera- 05 F -'
tional surface. The coefcients csat canbe estimated [ ]
by evaluatingthefull islandwidth atthe modesatura- [ ]
tion(d\N:dt=0)ascsat=DO:(D§S+D(%GJ).Figure9 0 PP PP SPEPEPIP BRI SRR B
shavs a plot of cs,t versuslocal by valueat the mode : '
rationalsurface.The plasmaparametere JT-60U are
lp= L5 MA, Bi= 37T, R=324m,a= 076 m, F|G.9. Plot of csatin JT-60U and ASDEX-U
Oos = 3:8, bg? 1:5, and thosein ASDEX-U are

lp= 0:8 MA, Bi= 22T, R= 1:65m, a= 0:49m, qos = 4:5, b5 2. It canbe seenthat the
valueof csatis aboutunity while plasmaparameterarequitedifferentin JT-60U andASDEX-U.

5. Summary

In JT-60U, effect of localizedECCD on anm=n = 2=1 NTM hasbeenperformedwith anemphasis
on effective stabilization. In this papey threetopicswhich areimportantissuesalsoin ITER have
beendescribed:minimum EC wave power for completestabilization,stabilizationwith modulated
ECCDandmodellingandcomparisorof NTM usingthe MRE in JT-60U andASDEX-U. Therange
of theminimumEC wave power hasbeeninvestigatedat B; = 3:7 T and1.7 T usingthefundamental
O-modeECCD and the secondharmonicX-mode ECCD, respectrely. For the former case,the
minimum EC-driven currentis locatedat jec=jgs = 0.35-0.46underthe condition of Wsa;= 0:12,
Whag = 0:06 anddegc = 0:08. For the latter case,the minimum EC-driven currentis locatedat
jec=jgs = 0.2-0.4undertheconditionof Wsat= 0:15,Wnag = 0:08anddgc= 0:05. Stabilizatiorwith
modulatedECCDin synchronizationwith magnetigerturbationdasbeenperformedsuccessfullylt
hasbeenexperimentallydemonstratethatmodulatedeCCD hasroughlytwice strongerstabilization
effect thanunmodulatedECCD if the modulationcenteris locatedat the island O-point. Increase
in the decaytime wasobseredwith increasinghe deviation from the O-point ECCD, shawving the
degradationof the stabilizationeffect. On the otherhand,destabilizatioreffect was rst obsened
for ECCD neartheisland X-point. Comparisorof the behaior of anm=n= 3=2 NTM between]T-
60U and ASDEX-U hasbeenmadeby usingthe sameMRE andanalysismethod. The coefcients
describingthe saturatedslandwidth, csa;, hasbeenfoundto beaboutunity in bothdevices.
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