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Introduction

Expeiments amed & taloring the plasma auwert profle by heatig and curert drive
during the rampup phas d a discharge have beearied ou in mog Tokam& devces
usirg dl the avalable heatig and M systers from Neutral B2an Injection (NBI) to Lower
Hybrid Curent Drive (LHCD), lon Cyclotran Resonace Heatig (ICRH) ard Electran
Cyclotron Resonace Heatig (ECRH). The ulimate objective & such expeiments is the
productionof enharced centrd confinememn with flat or reverse magnet shear In Tore
Supra encouragig resuls wee alreag obtainel with a combinatio of LHCD, ICRH ard
FWEH [1,2] before a majo vessé refurbishment Recently the® stidies hae be@& resumd
and given a nev impetus by the instdlation of a highy flexible, althaugh powe limited, 118
GHz Electran Cyclotron Hatirg and Curert Drive (ECH/CD systen [3].

Experimental Setup and Results

In this pape we shdl presem the resuls obtaind in ToreSupra by ECCD injection early
in the initid curret rampup phasein a scenad dmilar to thoe developd in mog
tokamals n orde to talor the curert profle. In ou case an extensie se of predictive
smulatiors carried ou before the expements with the CRONOS transpar coce [4] had
indicated tha a variey of currert profles, from monotoni to deepl hdlow, coull be
obtainal by varying the curert ranp rae am the ECCD depositim profle. In particular the
moddling had suggestetha flat or weakly reversd q profles woutl be praduced by a fas
ranp with the adition of off-axis ccECCD, while the same ctent ranp plus onaxis
counterECCD was the mos promising roue toward a more deeplreversd q profie.

The ime evolution of a typial discharg with onaxis countetECCD is show in fig. 1.
An MHD stabk Ip o rampup rae o ~0.7 MA/s was se&lcted reachig 1.1 MA in flat-top,
with Bror = 386 T to obtan the mos$ centrd ECH deposition During the rampup phasge

the densiy is low, increasim upto ne ~ 2-2.5x 10" m?® on the flattop, correspondig
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to ~30% of the Greenwk density limit. ECH is typcdly applied & ~0.7 MW, 2 gyrotrons
from 0.5 into the curert ramp when Ip o = 0.5 MA. Ore d the ams o these expeiments
was to stud/ the confinemeh with zero o reversd stea core conditions ICRH has
therefoe be@ gplied, in onaxis (H)D scenard ard o far & modera¢ powe levek ~12
MW, in sone o the discharge befoe the b 4 flat-top is reached.

The discharge with onaxis countetfECCD show hidn centrd temperatureup © 10 keV,
ard strong gradientdTJ/dR up t© 40 keVim & p ~ 025 (fig. 2). Interestinglya seris o
core temperature dapses ae al® observd throughoti the high temperatwe phase
reminiscert of wha is en during ekectran heatel deepy reversd shea dischargs in othe
devices [5,6] This is a indication that as predicte by the CRONOS coa smulations the
combinatiom of ECCD ard a fas curent ranp could inced generat reversd shea
condtions in the plasma coreThe peakd pressue profles ae maintaind with increasimy
density into the curert flat-top and ore ICRH is alded to ECCD for ~0.55 or 5 x 1. The
foot of the step T, region moves inwards wih time ( fig. 3 ) and eventudly, the high
temperatue phases teminated by an internad collapse which is nd accompanié by ary
obvious MHD activity, followed by the gpearame d regular sawboth activity. The tme
evolution of the electrm temperatw s1ggess thd the high gradieit featue is nd due purely
to the ECH centrd powe depositio bu it is rathe an indication tha trasport $ decrease in
a narow radid zone linked to the evolutio of the curert profile. Indeel it is interestig to
note ( fig. 3) tha the p e measue is aboe the ET criterion for identification of Internd
Transpot Barriers (ITB) [7]. Anothe observatio is the presece n the core measurement
of reflectromety spectra o unusuéfeatureswith frequeny ~10 kHz which coutl be burss
of TAE nodes Ore ha o noe here thaon othe machinese.g. ET, amilar burss o TAE
modes ( “cascad€’s) hawe be@ observd in reversd stea scenarie ard carelatal with the
passa@ d the g profle thraigh gnin=rationd surfacesDifferern resuls wee dtainal with
otha ECCD scenarios The “pure” off axis ECCD scenaro did na produce eithe Te
relaxatiors a steep T, even with added ICRH (fig. 2). Findly, in the “mixed’ scenarig on
axis counte ard off-axis c6cECCD, no sawtootHike T relaxatiors were observed and[Te
was nd as sk & in the pure onaxis case consistenhwith less powe beirg depositedn the

core.
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Numerical M odelling

The CRONOS transpadr coce ha al® been useal for interpretatie modding of these
currert taloring expeiments with ECCD. So far, ou of the three ECD scenaric ard the
purey ohmic curent risg only the “pure” onaxis countetECCD has leen satishctory
moddled, i.e. far this ca® the code resdtae consistenwith the measuremestd line
integratel Faradayrotation angles neutran rae aml stored energyThe moddling indicates
tha reversd q profles ae praduced and tle observe see [T, is located in the negatie
skea region (fig. 4), bu the curent diffusion is relativey fag ard the s<O regin shinks
untl the g=1 surfice ¢ reached It is interestig to noe that even if the dire¢ EC driven
currert is negécted the calculatd q profie is reversedthus implying tha the daminart role
of the EC is heatirg rathe than curert drive. The code ab sens to indicaie thd the
bootstrag curent beirg driven a the location of the high 0T, is counteacting the negatie
EC driven curent, possibly acceleratig the relaxatio toward a monotonic curert profile.
Cronas shows thiathe electra transprt in the core $ lowea during the high temperatwe
pha® than during the subsgquen sawbothirg phase.

A microstability analyss has als been caried ou with the electrostatidinea gyrokinetc
code KINEZERO [8], agan for the oraxis countetECCD scenario. The Electra ard lon
Temperatue Gradieh modes ens 0 be essentilly stabé thraighou the ECRH ard
ECRH+ICRH phasesOn the oth& hand the Trgpeal Electran Modes (TEMs) are daninart
ard appea to be staldised in the core iy the negative magnietshear.

Conclusions

ECCD has keen siccessfuly usal for curren profile taloring during tle curent rampup
in ToreSupra Differert ECCD scenaris hae be@ comparedwith countefECCD on axis
high core electrem temperature aml see gradient hae been observed which are
maintaine&l for sone time o the curert flat-top and wih the aldition of ICRF (H)D heating
There ae stromg expeimentd indicatiors thd a negative magnetic shreigegion is praduced
in the core confirmed by interpretatie modding with the CRONOS code.

It is plannad to contine these interesignand praonising expeiments in particula to
assess tle ion transpor taking advantag o the nev CX ion temperatue measuremestard
to explot ECCD as a flexible bal for studies of advarced enaris with strongy or weakly

reversd slear.
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