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1) Introduction:

The detachedplasmaregime is envisagedas an operating condition for next step
tokamaksIn this regime,the edgeincidention flux decreasedramaticallyand goesdown to
nearly zero on the wall. A proposed method of pumping is to capture backscattetr@dsdue
to atomic processes, namely FC (Franck Condon) dissociation and CX (charge exatiéimge),
a dedicatedventedstructure.This solution hasbeentestedwith the Ergodic Divertor (ED) of
Tore Supra.In this configuration,the field lines connectto neutralizerslocatedbetweenthe
divertor currentbars (7 neutralizersper module- 6 identical modulesdistributed toroidally
around the vacuum chamber). These neutralizersare vented structureswhich are semi-
transparentto neutrals and can be used for particle pumping. A comprehensiveset of
diagnosticshas beeninstalled: 14 Langmuir probes poloidally and toroidally distributed,
pressure gaugeas the modulesplenumandDqg measurementalongthe neutralizedocatedin
the equatorialplane. The resultsfor quasi-steadtateoperation(>2s) havebeenpresentedn
ref.[1]. In the presentstudy, we analysetransientexperimentsperformedfor density scan
studies and concentrate on high recycling and partially detached plasmas. The investigated ran
of parameters is 2:8.5x10"°m™ for the volume-averagedensityand 1.5:6MW for the total
power, with a radiativefraction varying from 40 to 90%. Undertheseconditions, the neutral
pressurdn the divertor plenum (5m°.s* of pumpingspeed)increaseswith density and total
powerandis about2+9x10°Pafor the high recycling regime and 1.5+3.5x10%Pa for semi-
detached plasmas. The correspondiogainof edgedensity (temperature)s 1.0:2.510°m™
(15+30eV) and 0.51.5x10"m" (8+15eV), respectively For known densityandtemperature
profiles at the edge, two quantities are sufficient to describe the newiratlationand particle
balance:the pressurein the ED plenum (which characterizeshe particle collection) and the
distributionof the Dg emissionline in front of the neutralizers(which characterizeghe ion
source due to recycling). Their behaviour during the high recycling and semi-detachedgphases
described in the next two sections. The multishDdel presentedn ref.[1] is usedto interpret
the measurementsscalinglaws of the edgeparametersnd pressuren the pumpingchamber
with volume-averaged density and total power are given in the last section.
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2) Particle collection during the high recycling and semi-detached phases:

All the dischargesausedfor this study have beenperformedwith a density ramp-up.
They begin in the high recycling regime and are terminated by a semi-detached phase. The ED
activatedduring the whole discharge An illustration is shown on Fig.1a and 1b where the
plasma current (), the volume-averaged density &) the probesaturationcurrent(Jsa) and
the safetyfactor at the edge(ga) aredisplayedversustime. The pressureneasuredn the ED
plenum (lexp) is shown on Fig.2a. The different phases can be clearly identified tradcbef
the probesaturationcurrent.Before t{2s and after t[110s, the conditionfor the ED resonance
(ge=3x0.3) is not satisfied. The neutralizers are not wetted by the plasma outflia@Bd J
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Fig.2: (a)lexp lMdec, lcalc vs. time (b) NormalizedJsat, [dec vs. time

Until tBs (<re>[4.5x10°m™®), the discharge is in the highcyclingregimeand Jsatincreases
rapidly with <ne>. For t>6s, the dischargeentersthe semi-detacheghhaseand Jsat decreases
abruptly until the los®f the ED resonancavhereit vanishes.The volume-averagedensityat
which the transition between the two regimes occurs variesshmtto shot (between2.7 and
3.7x10°m’). Its precise value depends on the radiative fractiuhtotal power coupledto the
plasma. The traceorrespondingdo lNexp displayslessclearfeatures.To interpretit, one must
account for the propagation time of the pressure front in the tube which links the pgesmige
to the ED plenumt(2s for » with atube of 4.5m long and 0 D1.5><10'2m). Dueto this long
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response time, the pressure signal is significantly distorted. Tét®ignon Fig.2awherethe
latter, deconvolutedrom the time constantof the tube (Mdeg, is displayedversustime. The
corresponding simulatgaressurg[cald) is also plotted, which showsa good agreementvith
Mdec A remarkablepoint is that MNdec remainsalways proportionnalto Jsat evenduring the
semi-detached phas€his is shownon Fig.2b wherethe normalizeddec and Jsat are plotted
versus time. Thisimilarity is not surprisingsincethe lowestedgetemperaturebtainedwhen
operating the ED i§6+8eV, which is too high for volume recombination to take pl&cg.that
stresses the fact that, to satisfy the particle control requirements, the EDeropstatedn the
high recycling regime, at least at this level of power coupled to the plasiab V).

3) Partial detachment of the ion source:

The second point to investigate fmynsistentlymodelling the particle balances the ion
source, which can be characterized byelight distribution. The absolutebrightnessof the
latter is measuredalongfour lines of sight (L1 to L4) at 1, 2.4, 4 and 7cm of the neutralizer
surface,respectively.When the plasmaedge transits from the high recycling to the semi-
detached regimehe peakof Dg emissionshifts from L1 to L3 [5]. An exampleis shownon
Fig.3aand 3b wherethe edgetemperaturéTe(a)), density (ne(a)) and the Dg measurements
(L1+4) areplottedversustime. For t<2s, the ED resonnanceonditionis not fulfilled and the
neutralizers are not wetted by the plasma outflugajThe(a) D).
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Partial detachment occurs at theginningof the currentplateau(t[2.8s): Te(a) dropsabruptly
from 30 to [1L0eV when ne(a) slowly increasesto saturateat [5x10"%m>. Just after the
detachment, the brightness measured onwviiodines L1 and L2 dropsto stabilizeat 1/3 of its
initial value. Three radial profiles dfie Dy light aredisplayedon Fig.4afor t=2.95, 3.5, and
4s (indicatedby dottedlines on Fig.3a and 3b), showing the shift of the light emission.
Simulations have been done by coupling the calculatidnedbnizationrate with a collisional-
radiativemodel[2] (the molecularions contributionis neglected).The measurementsan be
fitted by the appearance of a drop in the temperature profile: in the Gosesi the neutralizer
surface,the electrontemperaturedecrease$rom 15eV to 9eV betweent=2.95 and 4s, but
remainsunchangedutsidethis region. No major changesare requiredin the shapeof the
density profile. Results are displayed on Figierethe calculatedDq profiles (dottedlines)
are plotted with the correspondingyntheticsignals(thick lines) for comparisonwith Fig.4a.
The agreemenis satisfactory(within 20%) for the shapeof the profiles as well as for their
magnitude. During the transition, the ion soudggributionfollows the appearancef the step
in the temperaturgorofile and the neutral penetrationincreasesaccordingly:from AL2cm for
fully attached plasmas (t=3s) to [B+10cm when detachmentarrises (t>7.5s). The
corresponding screening facta {*, whered1l2cmis the thicknessof the stochastiaregion)
increases then fronx20°to 0.2:0.3.

4) Edge parameters and exhausted flux in the high recycling regime:

For practical purposet is usefulto know the dependencef the edgetemperatureand
densityon the main control parameter®f the discharge(e.g. Ptot and <ne>). This hasbeen
done in the high recycling regime (mgeomisingfor particle pumping)for which it hasbeen
established3] thatthe edgedensitywas varying as the cubic power of the volume-averaged
density:n (a)[m™®] = 21x10" < n, >[10°m®]**. Taking advantage of theoderatevariation
of the radiative fraction in this regime, one can write P, O P, = n(a)[T,(a)*?, which
yields for the edge temperature:T(a)[eV] =1.1x10° < n_ >[10°m°]* [P, [MW]*'%. For
given Ptot and<ne>, one can then estimatewhat would be the exhaustedlux by using the
proportionality betweenthe pressurein the modules plenum and the saturation current
J.. = Nn,(a) M (a)"'?, which yields:M[Pa] = 3x10° < n_ >[10°m™®])** (P, [MW]"'® (With no
pumping. For limiter discharges, a similar scaling fawll hasbeenreportedin ref.[4].) The
exhaustedflux per module can then be written: I, [ Palim® (3] = M[P4] (BIT/(S+C),
whereS is the effective pumpingspeedand C[4.8m>.s" is the molecularconductancef the
neutralizers slots.
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