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Abstract. Formation of core regions with reducetbctrontransportis reportedin regimeswith

current profile shaping at JEThe electronheatdiffusivity (x.) is reduceddown to 0.5 nf/s in

the region of low magnetic shear with an ICRH power of 1MW with no indicatiantbfeshold.
In the high performance optimised shear regime, obtained in scenariosdominated by ion

heating, internal transport barriers on the ion temperature profiles are simultaneously
accompanied by a significant reduction of the electron heat diffusivity at two-third gidkma
radius. In this regime, recentresultsand measurementsbtainedwith the new gas-boxdivertor

configuration are reportedtogetherwith their transportanalyses.The resultsindicate that ¥, is

reduced by one order of magnitude in a spatially localised region.

Formation of internal transport barriers (ITB) with dominantheatingschemesasproduced
high performanceplasmasn JET [1-2]. In orderto extrapolatethis regimeto fusion tokamak
reactors onenustestablishwhetheran ITB canbe formedand sustainedvith mostly electron
heatingandlow particle fuelling ratesas expectedn burningplasmas.To addresstheselong

term problems,currentprofile control experimentgperformedat JET using dominantelectron
heating schemes alone together with their analyses are repattiedirat section.Then,in the
secondsectionthermalelectrontransportin the optimisedshearregimewith clear ITB on the
ion temperaturegorofiles is described3] in the light of the recentexperimentgperformedwith

the recently installed gas-box divertor.

1. Improved core electron confinement with RF heating scheme
Improved core electron confinementis observedon JET when lon Cyclotron Resonance
Heating (ICRH) power using the helium-3 minority heatsaemes appliedduring the initial
ramp-upphaseof the plasmacurrent. The plasmacompositionis a mixture of deuterium(D)
and helium-3(He?) gasat low plasmadensity(the centralelectrondensityis 1.513°m™). The
ICRH antennae are operated in dipole configuration, the launetegifrequencyis 37MHz at
a toroidal magnetic fieldB,) at the centreof 3.4T. In the experimentshownon Fig. 1, up to
1MW of ICRH power is applied when the current is raised at a rate of 0.4M#Adeica broad
currentdensity profile characterisedy a low internal inductance(l, =0.9) without sawtooth
activity. A significant peakingof the electrontemperatureprofile (T, = 7keV) is produced
whenthe ion-ion hybrid resonancdayer is locatedcloseto the magneticaxis (R,,=2.95m)
(Fig. 1). Formationof a coreregion (3 m< R < 3.3m) with a steepelectrontemperature
gradient, indicative of enhancedelectron confinementis observedon the radial electron
temperature profiles measuredith the electroncyclotronemission(ECE) diagnosticgFig. 1,
right). For comparison, lower electron temperatures (dashed line on Rght) are measured
during experimentsonductedwith IMW of ICRH power in the hydrogenminority heating
scheme (H, f=52MHz) applied on a monotonic g-profile (see below and Fig. 3, right).
The Héconcentration (p./n,) directly estimatedrom the input gasflows hasreached
20%. For such high values, mode conversion from the fast magnetosor@to the slow ion
Bernstein wave near the ion-ion hybrid resonance is predicted to play arotajgnd was also
observed in other tokamaks [4]. We have analysed this heating scheme using the PION code [5]
to calculate the ICRH power depositiprofiles andto estimatethe amountof modeconverted
power. In dipole configuration,i.e. with high n,, the resultantiIBW is excited with a low
parallel phase velocity and assumedo be dampeddirectly on the electronsin the vicinity of
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the modeconversionlayer. Consequentlyyery few suprathermalons are producedin such
caseas confirmedby the low fastion energycontent. Indeed, the fast ion energy content
estimated from the difference between the thermal energy and the diamagesgyrepresents

less than the 10% of the stored energy, i.e. three time less than in the H-minority case.
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Fig. 1 : (left) Time evolution of plasmacurrent,ICRH power and electrontemperaturein the He?
minority and on-axis case (42055). (right)profiles using H&(full curve,42055) and H-minority heating.
In the high concentratiorHe® minority heatingscenario,the launchedwave frequency

has been varied at a constant toroidal fithd:ion-ion hybrid resonancdayer andthe localised
ICRH powerdepositionprofile havebeenchangedrom on to off-axis locations.The ICRH
poweris alsoappliedduring the initial currentramp-upphaseof the discharge As shown on
Fig. 2, the off-axis electronheatingresultsin the formation of a broad electrontemperature
profile for t < 3.7s. In this inductiveregime,broad T -profiles correspondo hollow current
density profiles. After the transient formation of a hollow g-profile=aBt7s(seebelow), the
electrontemperaturekeepsrising up to 5keV in the plasmacore while its value at R=3.3m is
maintained at 3keV. PION simulations indicate that the power depaositée electrons(P,) is
absorbed (i) at the off-axis mode conversion layer (around 50%, dbdalised at anormalised
minor radiusp=0.3 and (ii)at the plasmacentredueto the direct wave absorptionon thermal
electron (through transit time magnetic pumping and electron Landau damping).
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Fig. 2: (left) Time evolution of electron temperature at various radii and ICRH power in theniderity and
off-axis heating case (#42054). (right) Te apg@rofiles before (t=3.7s) and after the core transition (t=4.9s).
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Interpretativeelectrontransportanalysesof thesedischargeseveala reductionof the
electronthermal confinementin the plasmacore. In the on-axis electron heating case, the
electron heat diffusivity is reduced from4 nf/s downto 0.5 nt/s atp = 0.3 (Fig. 3, left).

An upper limit ofx, is obtainedby assuminghat (i) the electron-ionequipartitionand radiated
power densitiesare equalto zero, (i) 80% of the injected power is absorbedon the thermal
electron inside p = 0.3 as indicated by PION modelling. For comparison,the thermal
diffusivities from the mixed Bohm/gyro-Bohmmodel [6] have been calculated using the
experimentalprofiles and plotted on the same figure. The electron thermal coefficient is
decreased from the anomalddshm level at mid-plasmaradiusdown to the gyro-Bohmlevel
inside the plasma core. Similar results have been obtained with the discharge shown on Fig. 2.

Currentdiffusion simulationsshow that broad or reversedg-profiles are producedin
these experiments. In the on-axis andrhaority heatingcase the high T, valueis sufficient
to slow downthe resistivecurrentpenetratiorof the off-axis ohmic currentandform a region
with low magnetic shear in the plasma core. For comparisocutihentprofiles deducedrom
the currentdiffusion simulationare monotonicin the H-minority casesince thesedischarges
havea lower T, andthereforea fastercurrentdiffusion time. In the off-axis electronheating
case, the resistive current diffusion simulationsindicate that g-profiles are hollow with a
minimum q aip =0.3 (Fig. 3, right) as anticipated on the initial broad shape of_tpeofile.

We concludethat X, is decreasedlown to gyro-Bohmlevel in the low magneticshear
region as also observed on Tore Supra or previously on JET with lower hybrid waves [3,7-8].
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Fig. 3 : (left) Electronthermaldiffusivity profile (#42055).x, valuesdeducedrom the Bohm/Gyro-Bohm

model [6] are shown for comparison. (right) g-profiles from resistive current diffusion simulation (TRANSP)

2. Electron confinement in the optimised shear regime

The improved core electron confinementobservedwith RF heating alone has only been
obtained at reducegower and plasmadensity correspondindo low performancesn termsof
normalised beta and fusion power. On tieer hand, high-performancelasmasare produced
in the optimisedshearscenarioat higher densitiesand powersin a regimewith dominantion
heating, combining NB(neutralbeaminjection) and ICRH [1-3]. In this scenario significant
reductionof the electronanomaloudransportis systematicallyobtainedwhen an ITB on the
thermalion heatdiffusivity is triggered[3]. We reportin this section on electron transport
analysesof a standardoptimised shear dischargeobtained during the 98/99 experimental
campaignwith the gas-box divertorconfigurationat B, = 2.5T. Optimisedsheardischarges
during this campaigrnwere characterisedy a combinationof anITB with an ELM’'y H-mode
edge[2] wherethe edgepressurepedestalis controlled by injecting Argon impuirities at the
plasmaboundaryasthoroughlydescribedn [9]. The ICRH powerin the H-minority heating
scheme is first applied at a level of IM{f#2.5s), the NBI phasestarts1.2s latter and the full
power is injected at=4s (P, = 3.8MW, P, = 13.5MW) (Fig. 4). The currentis ramped
up to 2.5MA until t=5.1s. The ITB i®rmedduring the high power phase(t=4.2s) at a major
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#46123 T radius ofR=3.45mand expandgadially in
2T syl va 0.7s up to R=3.65m. In addition to the
I P edgetemperaturgedestabf the ELMy H
8 /NBI (MW) mode edge, the formation of a steep
gradient in the Jprofile (inside R =3.65m)
ICRH(MW) is clearly observedwith the high space
resolutionof the ECE diagnostic(Fig. 5).
o, ) For thesamepulsethe radial profiles of e
2 3 4 5 6 7 deducedrom TRANSP are shown before
Time (s) and after theransitionto a stateof reduced
Fig. 4 : Current and power wave-forms, #46123. anomalougransport.When high power is
appliedy, is of the orderof 4m¥/s in the confinementizone,and decreasest two-third of the
plasmaradius down to 0.2-0.4n#/s after the ITB formation (Fig. 5). The region with low
electrontransportis spatially localisedbetweenR=3.5mand R=3.7m. The localisednatureof
the transport barrier for the electron channel has alsodiesarvedn the ERS modeof TFTR
[10]. Nevertheless, in the JET case the electron tempegatfikes are not flat in the coreand
Xe is maintained at a level of £/s insidethe ITB region. This trendis generallynot observed
on the ion thermaldiffusivities which continuouslydecrease&loseto the neo-classicalevel at
the plasma centré&xplanationsof the localisednatureof the electrontransportbarrier are still
investigatedand we follow two hypothesedor future works : (i) either the thermal electron
transport is sensitive to some weak leveMbD activity in the plasmacore, or (ii) the micro-
turbulence stabilisation mechanisms which reduce th&amsportin the plasmacore doesnot
affect in the samemannerthe thermal electron transport as suggestedby recent density

fluctuation measurements [11].
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Fig. 5: (left) T, radial profiles measured with the EQEterodynagadiometerdiagnostic(n,, = 3.5 10°m-3).
(right) Radial electron thermal diffusivity profiles (TRANSP) (#46123).
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