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Introduction

Poloidallimiters madewith different materials(inconel, W and Mo) and a Molybdenumtoroidal

limiter have been used dhe FrascatiTokamakUpgrade(FTU) to definethe last closedmagnetic
surface.

The study of thgplasmacontaminatiordueto the inflow of metallicimpurities,which occursasa

consequencef the plasmalimiter interaction,is of importancein view of the possibility of using

high Z materials in some region of the ITER diver8ucha study canbe convenientlyperformed
on FTU since,in this device,the limiter thermalloads are comparableto those predictedfor the

ITER divertor.

Visible spectroscopys animportantdiagnostictool for studyingthe fluxes of impurities emitted
by materials facing the plasma. In fact, it is genenadligsibleto infer the flux of particlesreleased
by thosesurfacesby measuringjn the visible range, the brightnessof spectrallines in the cold

plasma periphery where they are mostly neutral or weakly ionised.

In this paper, the impurity influxes have been measuredand comparedin different operating
conditions with both limiters, either in ohmic and in RF discharge.

Experimental data analysis with poloidal and toroidal limiters

The impurity flux is derived from the measurementsf absoluteline intensity obtainedby a
calibrated Optical Multichannel Analyzer spectrometer [1].

The most careful analysisis donefor the molybdenumlimiter since, at the moment, FTU is

operatingwith atoroidal TZM limiter [2]. A visible spectrum,n the rangeof 3700-7000e, for a
typical FTU discharge (plasma curreptb00 kA, toroidal field B=6 T andline averagecelectron

density <ng>=0.9x1020 m-3) is shownin fig.1. The wavelenghtsof Mol lines are: 3798.3¢,

3864.1&, 3903.0& correspondingo the transitionsfrom the level z/PP to the ground statea’s,
and5506.5 &, 5533.0 &, 5570.4 & correspondindo the transitionsfrom the level z9P0 to the
metastable stats.

To obtain the flux from the limiter, the brightness of the lines are multipligddxatio S/XB, i.e.
the Mol number of ionisations per photon emitted (S b#iegonisationrate, X the excitationrate
andB the branchingratio of the observedines). The valuesof S/XB are takenfrom the Atomic

Dataand Analysis Structure(ADAS) databasg¢3]. The uncertaintieson evaluatingthe fluxes are
due, mainly, to the uncertainties on electron density and temperature: in our g¢asg) €V and

ne=0.2 <> are taken. The total Mol flux is composed of atoms
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Fig.1 - Visible spectrum for a typical FTU discharge.
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Fig. 2
Fig.2 - Neutral Mo influx , in toroidal limiter configuration (a) and in poloidal limiter configuration (b).

releasedothin the ground stateand in the metastablestate (about 10% of the total). The first
contribution to the flux is derived by the line intensity of transitiofi®z- a’S andthe secondby
the line intensity of transitionsz°PO . a°S. In the last case,to evaluatethe populationof the
excited level z9PO only from the metastablestate a®S, correctionsare taken into account,as
suggested by [3].

Figure 2 shows the Mol flux as a function of the electron defwitya dischargewith Bt=6 T and
Ip=0.6 MA, in configuration of toroidal limiter and2Huel (a) and in configuratioof poloidal
limiter and D2 fuel (b). In both casesthe Mol flux decreasewith the densityuntil the detection
limit. The Mol flux is 10 timessmallerwith the toroidal limiter, as expectedoy the ratio between



the limiters' emitting surfaces. Figure 3 shows the ratio of Mol flukeduel flux, derivedby the
brightness of e} line intensity for case(a) andof Dy line intensityfor case(b). This ratio canbe
considered as an effective sputtering yield of Mo uthe hydrogen/deuteriunons impinging on
the limiter surfaceand self-sputtering.n toroidal limiter configuration,this ratio is of the same
order of magnitude as that obtained in poloidal limiter configuration.

Under certainoperatingconditions,at low plasmacurrentor at high electrondensity, expecially
during the plateau phase, the Mo flux in the discharge becomes smaller tbatettienlimit. The
presenceof Mo is observedin the stationaryphaseof the dischargeonly at very high plasma
current, p>900 kA.

In the FTU discharges obtained with batioidal Mo limiter and externalpoloidal inconel limiter,

significant quantities of Cr are observed. For typi€BU dischargesthe Cr behaviouris similar
to that of Mo both in magnitud€cr= 1x1019 part. sl m2 and in temporal
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Fig.3 - The ratio of Mol flux to the fuel flux, in the same cases as fig.2.
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Fig.4 - r'cny (line A= 4647.4 A) (a) and the coupled LH power (b) versus time.
behaviour.Cr becomespredominantin run-away dischargeswhen the external limiter plays a
fundamental role.
Even if FTU is characterised by metal impurities, treescaseswvherethe light impurity emission
becomegpredominantThis happensespeciallyduring Lower Hybrid Radio Frequencyinjection
[4], whereit is observedan incrementof the emissionof periphericallines of light impurities.
Figure 4 shows the time behaviour of the CllI flux, measured fromvikible spectraDuring LH
phasean increaseup to a factor of 4 is observed.This incrementis apparentlynot dependenbn
total powerfor coupledLH powersin therange0.5 to 1.3 MW. The behaviourof carbonis in
agreement with that of oxygen as observed in VUV spectra.

Conclusions

The metallic impurity flux, measurash FTU, showsa stronginversedependencen the electron
plasma density. With the poloidal inconel limiter, this dependence for Cr and Nebasassessed
experimentally over a wide range of stationaryoperatingconditions.Mo lines haveshownthe
same behaviour during the dengitse, while they are observedn stationaryphaseoonly at high
plasma current.

The Mo influx is smallerin the toroidal limiter configurationwhen the interactionof the plasma
with the limiter is more uniformly distributedso the thermal load per unit surfaceis sensibly
reduced. The total number of Mwomscoming from the limiters, in both configurationsjs about
the same.

Whenoperatingwith the inconelexternalpoloidal limiter also, significantcontributionfrom other
metallic impurities are usually observed even if their emitting surfaces are negligible.
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