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1 Intr oduction

é New toroidaldevice, TORPEX, hasjust becomeoperationaht CRPP-EPFL

é Wil investicatebasicphenomenan collisionlessplasmassuchas:

Wave-particleinteraction
Transporfprocesses
Magneticreconnection

é Firstcampaignsvill focusonthephysicsof turbulenttransport:

relationshipbetweenthe turbulencepropertiese.qg. frequeny and wave-number
spectra

plasmatransporicharacteristice.g. diffusion,zonal o ws, etc.

2 Why should we study transport?

é Turbulencecausesanomalougransporin fusiondevices
Drift wavesareresponsiblduniversalinstabilities)

é Developmenif turbulencefrom linearto nonlineans crucial

Macroscopicstructuresform and give rise to large transportdespitesmall linear
modescalelengths

Radial E- elds canshearturbulent structuresyeducingthe instability andrelated
transport

3 Whyamachinelike TORPEX?

é Key guestiondor experiments:

How do turbulenceextendedstructuresievelop?
How cank- elds limit thesestructures?
How canthesek- elds beself-generatedy turbulence?

é Onlyindirectevidenceexistsfrom tokamaks

Transportbarriers,reductionof turbulenceand o ws, but no DIRECT measure-
ments
Challengao reconstruc2-D and3-D time dependenstructures

Figure 1: Theconstructiormphase®f TORPEX,form nothingto afully operationamachine

4 What doesTORPEX provide?

e Geometry

No end/boundargffects,con nement,relevantto tokamaks
Modular, easilycon gurable

é Plasmaproductionscheme(s)
Flexible parameterandcon gurations(to controlgradients) magnetisedgonsand
electronscollisionlessMHD regime,goodionisation,reproducibility
ElectronCyclotronResonancéleating
Inductive dischage,tokamak

é Diagnostic
A collectionof movableand x edLangmuirprobes
High frequeny Langmuirprobes
Electrostaticenegy analysers
Visible spectrometer
IR camera

Active opticalmethodssuchaslaserinduced uorescencewill beappliedto deter
minetheion response

toroidal

5 TORPEX parameters

é Machineandplasmaparameteraregivenbelow

é Poloidalcoil systemallows versatilemagneticeld con guration:

A purelyvertical eld
to acuspcon guration

é Differentplasmaproductionschemesrepossiblencluding

ECRHat2 45GHzand
Ohmictokamakdischage

Major radius,R 1m
Minor radius,a 02m
Electrontemperature] . 20eV
lon temperatureT; leV
Electrondensity n(0) 10" m 3
ECRH@245GHz,PecH up to 50kW
Pulselength,t 100ms
up to 300ms,at lower power
OH V60p 100V for 3ms
BToroidal 1kG (O 1T)
upto 0 25T
BVertical 50G (O S mT)
b 8 10*
L, =1/ndn/dx
(densitygradientscalelength) 0 04m

Figure 2: A araving of a TORPEX Table 1: Main physicalparameters

6 Plasmaproduction by ECH

é Hydrogenandamgonplasmas

é Sustainedby meansof electron cy-
clotronwaves(ECW)

é Waves Injected perpendicularto the
toroidal magnetic eld from the low-
eld side(LFS)

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

e Frequeng,n 245GHz

é ECresonanceccursat magneticeld
B 00875T

& Ability to control plasmaparameters
suchasn, andT,, B

é Also the typical scale-lengthd.,, and
L+ Which characteriséheir gradients

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

Figure 4: A schematioof the RF production
systemwith a pictureof the waveguide

/ Magnetic eld con guration

é Severalmagneticeld con gurationsareavailable:

Figure 5: VVertical eld operation Figure 6: Cusp eld operation
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8 Avallable diagnostics

é For reconstructiorof the staticand uctuating electricand magnetic eld, andthe
electrondynamicswe have thefollowing:

6 Fixedlow frequeny LangmuirProbes
Coveringthepoloidalandtoroidalcrosssections

Figure 7: Positionof the x edprobeson a poloidalcross-section

66 Fixed high frequeny Langmuir 2 Movable Langmuirarray containing
Probes 8 probes

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

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

Figure 10: ThemovableLangmuirprobesand
theirlocationon TORPEX

9 Futurediagnostics

é A griddedenegy analyser'(GEA) will be installedfor the measurementsf the
distribution functionsof ions andelectrons.Several grids are biaseadwith different
voltagesn orderto repelonespeciesf particlesandcollectthe other

é Active optical methodssuchaslaserinduced uorescencewill be appliedto deter
minetheion response

10 Initial results

é Plasmashave beengenerateadn the parametespacegvertical eld, ECH power, gas
pressurestc.) we expected!

Figure 11: A sequencefa TORPEXplasmadis-Figure 12: Someor the x ed Langmuir probe
chage data,with the ECH injectedandre ected power

Figure 13: An estimateof the electrondensityasa function of the verticalmagnetic eld

11 Futureexperimentalwork will contain

& Createplasmawith relatively strong,controllableNP

& Optimise conditionsto measure uctuations in regions of strongNP (operateon
plasmapro les via ECRH)

é Characteriseuctuation spectraandcorrelationlengthsvs. positionalonggradients
(Nn NB OandNn NB 0)

Follow time evolution from smallto large scalestructures
Snapshotsf densitystructureson poloidalplane

Impacton transport(pro les, pulsedexperimentstagging?)
Look for E- eld self-generatedtructures

Exploremethoddo createk- eld / o ws by externalmeans

M: @d: @ @D @dD: (@D

Explorepossibilityto createstrongNT; by lon Bernsteinwave heating
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