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Overview

� TungsteninAUG

� Modelling/PredictionsforJETandITER(focusonTe � 5keV)

� Ionizationequilibriumoftungsten

� Specialfocusonsinglespectralline(0.793nm)inSXR

� Lowtemperatureemissions(<1keVand>50eV)

� Coolingfactoroftungsten
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Tungstenin AUG

� 1995/1996W-divertorex-
periment

� Increasedtungstencover-
ageinmainchambersince
1999

� 100% coverage in 2007
) metalmachine!
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Predictionsfor JETandITER

e,centr.JET, T         = 6keV ;  n         = 7.0×10   me,centr.
19 -3

e,centr.AUG, T         = 4keV ;  n         = 6.5×10   me,centr.
19 -3

e,centr.ITER, T         = 15keV ;  n         = 1.4×10   me,centr.
20 -3
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FractionalAbundancesareDeterminedExperimentallyfor 1–4.5keV
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� Benchmark for
atomicdata

� Baseline ADAS
(408+408) not
goodenough

� Goodagreementfor
ion statesSe-like
W40+ to Ni-like
W46+

� Measurements
above Te = 5keV
challenging
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ModelledSpectrum in theSXR

� SpectrallinesofKr-likeW38+ to
aboutMn-likeW49+

� Ni-like W46+ exhibitsmostin-
tensespectrallines

� At ASDEXUpgradetheelectric
quadrupolelineat 0.793nmis
monitored

� Why so large differencefor
0.793nmline?

modelled spectrum
W    Ý  W38+ 49+
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from Ralchenko et al., PRA,74, 042514(2006)

� Upperstate(5=2;1=2)1 is fu-
eledalsoby (3=2;1=2)1 (notin
Cowancode)

� Magneticoctopole(M3)issaidto
blendinEBITspectrum

� Inplasma,M3isprobablynotim-
portant!?

� fromFournieretal.:populationby
ionizationofCu-likeW45+
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Below 1.2keV- PoorUnderstanding
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� Below1.3keVaspectralfeatureat18nm
isobservedinSPRD-spectrum

� Structureis emittedby ionizationstates
belowAg-likeW27+

� In standarddischarges thespectrumis
clean
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PlasmaCoolingby Tungsten

� Connectiontoabsoluteconcentrationviacoolingfactor: Prad=V = LZ � n2
ecW

� AverageIonModelpredictsslightly largercoolingfactorthanADAS
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FutureWork

� Moredetailedmeasurementsoftungstenemissionsbelow1.2keV
) AUG, EBITs

� Measurementsoftungstenlinesabove5keV
) JET, ILWatJET, AUG, EBITs

� Improvedatomicdataforspecialionstates(R-matrix)
) work-in,C. Ballance,D. Grif�n

� Baseline-qualitycoolingfactorbelow2keV
) work-in
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Break-downof Line-Of-SightIntegral

� Specialdischargeswith
'impurityaccumulation'

� Spectrumdominatedfrom
emissionsat narrow Te
range

� Dominantionstatesdepend
onTe inaccumulationzone
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� Timetracesofspectrallinescontain
relativeabundancevs.Te
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Diagnosticin theVUV, II

� Around13nm: Linesemittedat 1.8–
4.5keV

� Identi�cationavailable(AUG)

� Redundancywithspectrallinesaround
5nm

� Visible in SPREDspectrometerup to
14nm

� Lineblendingat13.29nm:
Be-likeFe22+ andZn-likeW44+

! safetyfeedbackofLHCD
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PlasmaCoolingby Tungsten

� Connectiontoabsoluteconcentrationviacoolingfactor: Prad=V = LZ � n2
ecW

� AverageIonModelpredictsslightly largercoolingfactorthanADAS
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