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1.Introduction.

The interest and maicharacteristic®f the RI-moderegimeof TEXTOR-94 (limiter machinewith
circular cross-section) haveeendiscussedn referencegl,2,3]. The transitionto the RI-modeis
usually obtained by injecting neam argonunderboronizedwall conditionsin an L-mode plasma

of sufficiently large density and heatatleastpartially by co-injection.The radiatingbelt canalso

be obtained from the sputtering of silicon under siliconized wall conditions as seen in Figlab [4].

this case,for a deuteriumplasmaand given operationalconditions,the radiatedpower fraction y
=PradPtot (where Prad is the radiated power and Piot the total heating power) is nearly
independenbf the density but its value decreasesvith the age of the silicon layer which is
progressivelychangesto a mixture of silicon and carbon. Edge radiation cooling is maintained

during the complete discharge with a roughly constant valyelofthis case an abrupt transititm
anotherconfinementregimeis not observedand high performanceRI-mode conditions can be
simply obtainedby rising the density through appropriategas puff. This papersummarizeshe
properties and performances of the RI-mode obtained with a freshly siliconized wall.

2.Main characteristics of the RI-mode due to silicon sputtering.

Confinement Fig. lashowsthe time evolutionof the diamagneticenergyE;,, the centralline

averaged densityso and Rot for a discharge heated BB co-injectionand ICRH asindicatedon

the figure. This discharge is performed about&@hargesfter the siliconizationimplementation.
The plasma energys expectedrom the L-mode scalingITER L89-P andfrom the ELM-free H-

modescalingITER H93-P is alsoshown. The figure illustratesthat as result of the densityrise
(which is pre-programmeds also shownin the figure) the plasmaenergyincreasegrom the L-

mode to the ELM-free H-mode level.

In reference[3,5] it was shown that the RI-mode with its linear density dependences the
counterpart withadditionalheatingof the linear ohmic confinementLOC) whereaghe L-modeis

the counterpart of the Saturated Ohmic confinement (SOC). The energy confinemecttingof

the RI-mode and of the LOC can be described by the same law

Tr—K neo(Ptot) 23 (1)
whereK is a constant(the dependencen the toroidal magneticfield Bt is found negligible). The
confinementbehaviourof the RI-L.O.C. mode and of the L-S.O.C. mode can be conveniently
displayedin the diagram introduced in Ref.[3] showing the normalized confinement time
TE(PtOt)Z/S/lcP versusthe Greenwaldnumber neo/ng (Ip is the plasmacurrentand ng, is the

Greenwalddensity limit and we use as units s, MW, MA, 10°°m*®). The experimentaldata of
freshly siliconized dischargesheatedby NB co-injection and a possible assistof ICRH are
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Fig.1a) Time evolutiorof Eg, Neo, Piww Pabico @nd
Pry for a RI-modedischargewith siliconizedwall.
The dashedines show the predictionsof the ITER
L89, ITER H93 and RI (from Eq.(1) with K=0.2)
scalings and also the preset value for neq.
(Ip=0.4MA, Bt=2.25T).
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Fig,1b) Radial profiles of electron density and Fig.2 Normalizeddiagramof T versusneg for data
temperature and of radiated povaemsityfor selected obtained with freshly siliconized walk comparison
times. is given with the predictionsof L, H, andRI-Mode

(from Eq.(1) with K=0.18) scalings.
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displayedin sucha diagramin Fig.2 togetherwith the scalinggiven by Eq.(1) (LOC-RI straight
line) and the predictions of the ITER L-89 and ITER H-93 scaling Tdne.error barsaddedto the
two last laws indicate the scatter of the predictiorthénormalizeddiagramfor the rangeof Ptot,

IIo andngg of the data set. The value K=0.18 of Eq.(1) is the one chosen in [3] to ddakenimon
and argon seededRI-mode and the ohmic LOC discharges.The experimentalpoints are nicely
following the linear increase with the density for densities in excess of theoaespondindo the
crossing between the L-mode and the RI-mode law$10.55n,;). In addition, mosbf the points
lie somewhat above the scaling established for the RI-mode with boronized wiiednedtpoints
would needa 10-15% larger proportionality factor K than the value used for the neon-argon
database. At lower density the glolcahfinementime T follows with someimprovementhe L-

mode scalingand does not retain the linear density dependenceThe energy evolution of the
dischargeshownin Fig.1lachangesn closeagreementith Eq.(1) for the whole duration of the
discharge with a constant K=0(eethe dottedline which mimics accuratelyEdjg). ELM-free H-

mode confinement quality is obtained figp/n.=0.8-0.85.

The confinementimprovements interpretedby the reductionof ITG micro-instabilitiesresulting
mainly from the peaked density profile and the presence of the radiating impuritylfie@lensity
peaking factolynzne(O)/<ne> remains for the whole duration of the discharge higher thaanfbr
mode discharge with the same operating parameters.

Temperature The scaling (1) implies that the mean temperatureof the discharge<T> is

proportionalto (Pto)l/3 andis independenbf neo. This is very well verified on Fig.1b which
displaysfor selectedtimes during the density ramp the radial density and electron temperature

profiles. The T, bulk profiles remainpractically unchangedThe centralion temperaturealso does
not vary much as also illustrated in Figs. 1c and 3.

Beta.From Eq.(1), one obtains as scalfiog the normalizedbetaBn=15.9K (ieo/neq) (Ptot) /3/B;,
showingthat Bp is dependingmainly on the Greenwaldnumberand only weakly on the power.
This is illustrated in Fig. 2 whelf increases continuously withe densityalthoughthe variation

in poweris large (1.4 < Py < 3.2MW). Figure 3 shows a dischargegoing to the experimental

limit of Bn =2-2.2 as a result of the density rise by gas puff. The 6frf, is generallyassociated

with an increase of the density peaking factor (see Fig.3) and with the onset o&éfiiEy which
leads to an energy rollover, possibly followed by minor or hard disruptions [7].

Effectivecharge.The centralvalue of Z, is mainly dueto silicon andis largeat low densitybut
decreasestronglywith the rise of the density as shownin Fig.1c. Under performing RI-mode

conditions (f;93 0 1,ngo/ngs O1) Zots = 2-2.5 as for the neon seeded RI-mode discharges [13].
Neutronyield. Is mainly dueto beam-targeteactionswhich dependon the central dilution and
electron temperature. Theeutronincreaseappearingwith the densityrise (seeFig.3) is attributed

to the decrease of the dilution and the increase of the thermal production.

Edgeparametersand particle confinementime T,,. Whenne, risesthe edgeelectrontemperature

Tegdecreases and the edge densityrcreases as shown kig.1c. This resultsin a reductionof
the penetration depth of the neutrals and a reductidp [42] asalsoshownin Fig.1c. The effect
of a too large reduction d@f, is discussed in the next section.

3. Conditions of existence of the RI-mode regime.

Various operationalconditionshaveto be fulfilled to obtainthe RI-mode regime with the above-
mentioned full performances :

(i) Isotopiceffects.1) In a H plasma with freshly siliconized walreducedsputteringof silicon by

H as compared to D leads to lower valuey tifan for a D discharge. Therefore additiomebnis
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required to obtain an RI-mode regime, but with confinemenBaneducedin proportionto =VA,
=v2 as for L-mode. 2) In a D plasma D injection is required to obtain optimum performance [9,10].

(il) Heatingscenario Heating with at least20% of co-injection is required [11].
(iii) Fueling and recycling Too strong gas puff leadsto confinementsaturationfollowed by a
decreaseowardsL-mode scaling(seelower pointsin Fig.2).Themaximumgaspuff ratethatthe

RI-mode can sustain decreases with theadghe silicon layer, i.e. with the obtainedvaluefor Y.
As a result, the maximum density at which the RI-mode is observed is then noitopgsedby a

Bn limit but by a limit of edgegasflux or too low avalueof T, asillustratedin Fig.4: at 1.1sthe
preset value of the density is increased and the D gas valve is opened; after an initialenszgthe

confinement(asindicatedby f,93) decaysanddoesnot follow the RI-modescalingindicatedby
the dottedline. A recoveryof the RI-mode scalingand of its full performanceis nevertheless

possibleby seedingof neon(startingat 1.6s). This seedingeadsto anincreasef T, andof the
fueling efficiency which resultsin the closureof the D gasvalve. Figure 4 also shows that this

allows to recover gargery,, high confinementandhigherneutronyield. The aging of the silicon
layer canthus be compensatetly neon seeding.Like for neonseededdischargeshe horizontal
position of the plasmais a critical parameterfor optimal performance.lt is thought that this
positioning affectsthe confinementthrough its influence on the gas throughput[8]. The link
betweenfueling, recycling, densitypeakingand confinement improvements under investigation
[8,12].
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Fig.3 Time evolution of B, f,e (enhancement Fig.4 Time evolution of fys; (Comparedwith values

factor with respectto ITER H93 scaling), Neg/Ngr,
Ti(0), neutronyield, and y, for a siliconized wall
dischargereaching the B limit. (1,=0.4MA, B, =
2.25T).

predicted from Eq.(1)), neutrgyield, Ngg/negr. T:(0),
1, andy, for a dischargewith a siliconized wall,
with additionalNe seeding.The D gaspuff rateand
brilliance of NeVlll are also shown. (1,=0.4MA,
B=2.25T).
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