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Edge biasing experiments in RFX
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The existenceof a spontaneoushearedplasmaflow in the edgeregion of reversedfield
pinch (RFP) plasmashasbeenrecentlydocumentedl]. The shearof the ExB drift velocity
has beenfound to be in a marginal situationfor providing decorrelationof the electrostatic
turbulence[2], although some evidenceof a beneficial effect on the transportdriven by
electrostatic fluctuations has been put forward [2].

In this paperwe report the results of edge biasing experimentsperformedon the RFX
machine (R =2 m, a = 0.457 m) aimed at modifying plasma rotatitre externalregion of
the plasma.Two electrodeswhosecharacteristicsre describedn detail elsewhered], have
400 beeninsertedinto the plasma.Most of the
datarefer to an insertion at r/a=0.81. The
electrodeshave a carbon-carboncomposite
headwhosediameteris 70 mm, placedin a
shaft protected by a borantride tube. A set
: of capacitor banks provided up 10 kA per
V aecroel ;gg electrodewith a half wave sinusoidalpulse
1300 of duration around 10 ms, biasing the
~ ™ electrodes at a negatip®tentialwith respect
to the vacuumvessel. The electrodeswere
located in two different toroidal positions
(6 =142 and 322 respectively). The
duration of the electrode operation was
Fig.1: Plasma waveforms in an edge biasing experin chosenas an intermediatevalue betweenthe
plasma discharge length (which was typically 60farshe presentconditions)andthe typical
particle and energy confinement times, which are around 1 ms.

An exampleof a dischargewherebiasingwas appliedis shownin fig.1. In this casethe
electrodewas actingin the interval 18-30 ms. In the first framethe plasmacurrentl, and the
line-averaged electron densityare shownin the secondframethe currentandthe voltage of
one of the two electrodes can be seen. In the last frame a flpatergialmeasuremerwt r/a =
0.90is shown. The floating potentialbecomesnore negativeduring the electrodeaction. The
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plasmacurrentundergoesa drop when the electrodeis activated,in correspondencéo an
increase of the average density. This behavior hasibegpretedas an increaseof the plasma
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resistivity due to the plasma cooling
occurring because difie suddendensity
rise. A detailedparticle balanceanalysis
is in progressto relate this density
increase to the transport modification.
The changein the radial electricfield
profile inducedby the biasing has been
monitoredby a rake probe, madeup of
seven pins measuring the floating
potential V, at ¢ = 217 and at 7

Fig.2: ExB velocity profile before and during edge biasing. different radial positions spacedby 8

mm. The derivativeof the resultingprofile can be assumedo be representativef the radial
electric field and of its change, since the electemmperatureggradientandits changedueto the
biasing are small. The resulting ExB velocity profile in standardconditionsand during the
electrodeaction is shownin fig.2. The velocity sheardv,,g/dr in the regionr/a > 0.92 is
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almost doubled during the biasing,
reaching values as high as 18° s™.
The changein the edgedensity and
temperature profiles during edge
biasing, measuredby a triple probe
located ath = 247, is shownin fig.3.
The edge density is increased, an
observationconsistentwith the rise of
the averageplasmadensity. The edge
density gradient remains almost
unchanged inthe region spannedy the
probes.The edgeelectrontemperature,
measured by the triplerobe,is reduced
by the electrodeaction, probably as a
consequencef the increasein density.
The profile, which was rather flat in
normal conditions,remainsflat. Thus,

Fig.3: Profiles of electrondensityandtemperaturébeforeand the edgepressuregradientis unchanged
during the edge biasing.
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by the biasing. An important
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consequencef this is that the diamagneticvelocity, which, accordingto the presentdata, is
around 6 km/s, doesot changelt is thereforepossibleto concludethat the beneficialeffects
on the particle transport reported below are due solely t&xBevelocity.

The effect of the edgebiasingon plasmarotation hasbeenassessetly looking at the CllI
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Fig.4: Toroidal velocity of CIII impurities.
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toroidal rotation velocity measuredoy the
Doppler shift ofthe 229.6 nmline [4]. As
shown infig.4, during the electrodeaction
the CIIl toroidal velocity is doubled,
consistentlywith the doubling of the ExB

velocity. It has beervaluatedhat the ClI|

ion populationis distributedin the region
0.9<r/a<1, so that this velocity changeis
consistenwithin a factor of two with the
averagevalue and change of the ExB

velocity in the same region. Since the

electrontemperaturas almostconstantduring the edgebiasing,the effect on the Clll velocity

change is not associated to a change in the radial localization of this impurity.

The electrostatigarticleflux is strongly affectedby the increaseof the velocity shear.The
graph in fig.5 shows the frequency-resolved flux measured atd/@7 The measuremertias
beencarriedout with a 5-pin balancedriple probeand a V, measuringpin 44 mm toroidally
(i.e. cross-field) apart from the triple probe. Therefore the flux includes the effect of
temperaturdluctuations.The data,which are averagedver severaldischargesshow that the
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Fig.5: Frequencyresolvedparticle flux before and during the

edge biasing.
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edge biasing reducesthe edge particle
flux driven by electrostaticturbulence
over the whole frequency range. The
frequencyat which the flux peaksis
almost unchanged. Trimmedparticle
flux is reducedfrom 6.6x10°* m?s* to
2x10% m?s?, i.e. t030% of its original
value. This result is confirmed by
measurementsmade in other radial
positions of the region where the
velocity shearis increased.The energy
flux driven by electrostaticturbulence,
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which in the RFX edgeis convectiveand accountsat most for 30% of the total transport
losses §], remains convective during thmeasing,so thatit is reducedby the samefraction as

the patrticle flux.
The main origin of the particle flux reductionis a changein the cross-phase:,, between

plasma potential and densi®][An example of this is show fig.6, wheresin a,, resulting
Shot 11483 Wavelet phase spectrum - sine

—e0  from wavelet analysis using the

Morlet wavelet [7] is plotted as
oso function of time and frequency.The
graphclearly showsthat during the
biasing, which takes place between
20 and 30 ms, the sine of o, is

reducedfrom a value very nearto 1
to valuesnearto O in the frequency
rangerelevantfor transport(10-200
15 20 25 30 35 7 kHz). A possibletheoreticalground

t[ms]
Fig.6: Sine of therelative phasebetweendensityand potential as for the observed phase change
a function of time and frequency (wavelet analysis). inducedby the velocity shearcan be

found in B], wherethis effectis predictedfor resistivepressure-gradient-drivemrbulence If
confirmed, this would indicate that g-modescould play an importantrole in the RFP edge
physicsdriving electrostatidurbulence Indeed,thesemodeshave long beenconsideredas a
principal candidate for RFP edge turbuler@e [
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