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1 Intr oduction

ë New toroidaldevice,TORPEX, hasjust becomeoperationalatCRPP-EPFL

ë Will investigatebasicphenomenain collisionlessplasmassuchas:
��� Wave-particleinteraction
��� Transportprocesses
��� Magneticreconnection

ë First campaignswill focuson thephysicsof turbulenttransport:
��� relationshipbetweenthe turbulencepropertiese.g. frequency and wave-number

spectra
��� plasmatransportcharacteristicse.g. diffusion,zonal�o ws,etc.

2 Why shouldwestudy transport?
ë Turbulencecausesanomaloustransportin fusiondevices

��� Drift wavesareresponsible(universalinstabilities)
ë Developmentof turbulencefrom linearto nonlinearis crucial

��� Macroscopicstructuresform andgive rise to large transportdespitesmall linear
modescalelengths

��� RadialE-�elds canshearturbulent structures,reducingthe instability andrelated
transport

3 Why a machinelik eTORPEX?
ë Key questionsfor experiments:

��� How do turbulenceextendedstructuresdevelop?
��� How canE-�elds limit thesestructures?
��� How cantheseE-�elds beself-generatedby turbulence?

ë Only indirectevidenceexistsfrom tokamaks
��� Transportbarriers,reductionof turbulenceand �o ws, but no DIRECT measure-

ments
��� Challengeto reconstruct2-D and3-D timedependentstructures

Figure1: Theconstructionphasesof TORPEX,form nothingto a fully operationalmachine

4 What doesTORPEX provide?
ë Geometry

��� No end/boundaryeffects,con�nement,relevantto tokamaks� toroidal
��� Modular, easilycon�gurable

ë Plasmaproductionscheme(s)
��� Flexible parametersandcon�gurations(to controlgradients),magnetisedionsand

electrons,collisionlessMHD regime,goodionisation,reproducibility
��� ElectronCyclotronResonanceHeating
��� Inductivedischarge,tokamak

ë Diagnostic
��� A collectionof movableand�x edLangmuirprobes
��� High frequency Langmuirprobes
��� Electrostaticenergy analysers
��� Visiblespectrometer
��� IR camera
��� Activeopticalmethodssuchaslaser-induced�uorescencewill beappliedto deter-

minetheion response

5 TORPEX parameters

ë Machineandplasmaparametersaregivenbelow

ë Poloidalcoil systemallows versatilemagnetic�eld con�guration:
��� A purelyvertical�eld
��� to acuspcon�guration

ë Differentplasmaproductionschemesarepossibleincluding
��� ECRHat 2 � 45GHzand
��� Ohmictokamakdischarge

Figure 2: A drawing of aTORPEX

Major radius,R 1m
Minor radius,a 0 � 2m
Electrontemperature,Te 20eV
Ion temperature,Ti 1eV
Electrondensity, n(0) 1017 m�

3

ECRH@2� 45GHz,PECH up to 50kW
Pulselength,t 100ms
up to 300ms,at lowerpower
OH V loop 100Vfor 3ms
BToroidal 1kG(0 � 1T)

up to 0 � 25T
BVertical 50G(0 � 5mT)
b 8 � 10�

4

Ln = 1/ndn/dx
(densitygradientscalelength) 0 � 04m

Table1: Main physicalparameters

6 Plasmaproduction by ECH

ë Hydrogenandargonplasmas

ë Sustainedby meansof electron cy-
clotronwaves(ECW)

ë Waves injected perpendicularto the
toroidal magnetic�eld from the low-
�eld side(LFS)

ë Frequency, n � 2 � 45GHz

ë EC resonanceoccursat magnetic�eld
B � 0 � 0875T

ë Ability to control plasmaparameters
suchasne andTe,

ë Also the typical scale-lengthsLn and
LTe whichcharacterisetheirgradients

ë Thesearethoughtto becrucialparam-
etersin the developmentof instabili-
ties and play a crucial role in under-
standingthe featuresof transportin-
ducedby �uctuations

Figure 3: Lines indicateresonances(dotted)
and cut-offs (solid); shadedregions indicate
absorptionof the wave. A parabolicdensity
pro�le hasbeenassumed

Figure 4: A schematicof the RF production
system,with apictureof thewaveguide

7 Magnetic �eld con�guration

ë Severalmagnetic�eld con�gurationsareavailable:

Figure 5: Vertical�eld operation Figure6: Cusp�eld operation



8 Available diagnostics
ë For reconstructionof the staticand�uctuating electricandmagnetic�eld, andthe

electrondynamics,wehave thefollowing:

��� 6 Fixedlow frequency LangmuirProbes
��� Coveringthepoloidalandtoroidalcrosssections

Figure 7: Positionof the�x edprobeson apoloidalcross-section
��� 66 Fixed high frequency Langmuir

Probes

Figure 8: A sectionof the high frequency
Langmuirprobesandwherethey areinstalled
on TORPEX

��� 2 MovableLangmuirarraycontaining
8 probes

Figure 9: Positionof the �x ed probeson a
poloidalcross-section

Figure10: ThemovableLangmuirprobesand
their locationonTORPEX

9 Futur ediagnostics

ë A `griddedenergy analyser'(GEA) will be installedfor the measurementsof the
distribution functionsof ions andelectrons.Several grids arebiasedwith different
voltagesin orderto repelonespeciesof particlesandcollecttheother

ë Active optical methodssuchaslaser-induced�uorescencewill be appliedto deter-
minetheion response

10 Initial results

ë Plasmashave beengeneratedin theparameterspace(vertical �eld, ECH power, gas
pressureetc.) weexpected!

Figure 11: A sequenceof a TORPEXplasmadis-
charge

Figure 12: Someof the �x ed Langmuirprobe
data,with theECHinjectedandre�ectedpower

Figure 13: An estimateof theelectrondensityasa functionof theverticalmagnetic�eld

11 Futur eexperimentalwork will contain

ë Createplasmawith relatively strong,controllableÑP

ë Optimiseconditionsto measure�uctuations in regions of strongÑP (operateon
plasmapro�les via ECRH)

ë Characterise�uctuation spectraandcorrelationlengthsvs. positionalonggradients
(Ñn � ÑB � 0 andÑn � ÑB � 0)

ë Follow timeevolution from smallto largescalestructures

ë Snapshotsof densitystructuresonpoloidalplane

ë Impacton transport(pro�les, pulsedexperiments,tagging?)

ë Look for E-�eld self-generatedstructures

ë Exploremethodsto createE-�eld / �o wsby externalmeans

ë Explorepossibilityto createstrongÑTi by Ion BernsteinWaveheating
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