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Intr oduction
The profile of the safetyfactor ¢(v), of tokamakplasmasplaysa crucial role in the physics
of reactorrelevant high performanceoperatingregimes, suchas the enhancedeverseshear
regime. Accuratemeasuremerntf theg-profile hasthereforebecomecritical to the understand-
ing andcontrolof theseplasmas.

Theg-profileis obtainedrom a constrainedolutionof the Grad-Shafranoequation(using
the EFIT code[]), wherethe constraintancludethe setof externalmagnetic(coil) measure-
mentsaugmentedy internal measurementsf the magneticfield pitch angle. An accurate
internalmeasuremerntf the pitch anglecanbe obtainedirom measuremertf the polarisation
of the Starksplit D, emissiorfrom deuteriumatomsinjectedby theheatingneutralbeams|[23].
A motionalStarkeffect (MSE) diagnostic[4 5] hasbeendeployedon JET duringthefirst 1999
campaigrin orderto make this measurement his diagnostidechniguehasbeenusedon other
tokamaksfor a numberof yearsbut the compleities of the available accessandthe neutral
beaminjectiongeometrie®n JET areparticularlychallenging.

The JET systemis comprisedof
25 spatialchannelsovering the full
outboardminorradiusof theplasma.
Eachchannelncorporatesfasttun-
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signalprocessings performedn soft-
wareto extract the requiredharmonicamplitudes.A suney spectrometeobsenesthe beam
emissionspectrumat four spatialpointsto aid in tuningof theinterferencdilters.

A significantchallengein the operationof the systemis the analysisof the datawhenall
the injector sourceqPINIs) are operating. The complicationarisesfrom the differentbeam-
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sightlineintersectioranglesfor beamdrom differentsourceswhich eachgive a differentpo-
larisationanglefor the samesightline. The signalfrom a single PINI givesriseto a measured
polarisatiorangle,y;, where,

En  ByAy+ BrA1 + BrA;

tany; = — = ;
"= B, T ByAs + BrA, + BrAs

(1)

andthesix coeficients, A,,, describethe PINI andsightlinegeometriesThe Stokesvectorsof
the polarisedlight signalsfrom the eight PINIs sumto an overall measuredgolarisation;y,,,
accordingo

tan 2, = En total _ > w; sin(27y;) @)

EV,total i W; oS (2%‘)

Calibration

To selectsignalsfrom only onebankof heatingbeamsthe longestwavelengthfeature(r) of
theD,, Starkspectrunmis usedfor the polarisatiormeasurement his wavelengthchangesvith
changingtoroidal field and hencethe filter spectrometersustbe tunedfor eachfield used.
Thisis donein asingledischage by sweepinghefilter tilt angleduringa neutralbeampulse.
In practiceonly two settingshave beenfoundnecessarynefor B, < 2T andonefor B, > 2T.

Therelative contritutionsof differentbeamso the total signalamplitude(the w; in equa-
tion 2) are measuredy applying 250ms pulsesfrom eachbeamin turn into a plasmawith
otherwiseconstantonditions.

It hasnot,sofar, beenpossiblego conduciafull calibrationof thepolarimetefor everyinput
angleandsightline. Instead,usehasbeenmadeof the definedpolarisationchangeoccuring
betweerthesignalsfrom differentinjectorsin the switchingshot: sincedifferentinjectorscross
the field of view in differentdirections,the polarisationangleof the light from the beamsis
rotatedby a preciseamount. This datais usedto derive a ‘sensitvity’, f,,, for eachsightline,
with the expressior2y,, = tan!(f,,R.) + tan'(g,,) (hereR,, is the ratio of amplitudesof
thefirstandseconcharmonicf the PEM frequeng andg,, is thezeroangle).

While the sensitvity parametein the above expressiondoesnot dependon the assumed
g-profilein thecalibrationdischage,thisis nottrueof g¢,,. In this paperwe have usedthe EFIT
solution(usingmagnetics-onlylatawith ¢, heldat0.9)in afully current-difusedsavtoothing
dischageastheequilibriummodel,definingthezerooffset. It is this estimateof the zeroangle
thatis themainlimitation in the presentanalysis.

A numberof othertechniquedave beenexplored(includingfiring beamsnto a gas-filled
torusand measuringhe boundaryq of a shrinkingplasma limited by the innerwall). In fu-
ture, thesemethodscombinedwith detailedlaboratorymeasurementwill be usedto obtaina
genuinelyindependentalibration.

Results

Measurementsluring full-power heatingare especiallysensitve to the relative intensity
calibrationof the differentPINIs andarenot presentedhere. In figure 2, ¢g-profilesareshavn
from the ‘target’ and ‘post-heat’'phasegbeforeand after the main heatingpulse)in a 2.6T
dischage optimisedfor high performancen thefull-power phase[6].
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Thetargetg-profile obtainedwith the MSE datais significantlydifferentfrom thatobtained
from just magneticaneasurement&@lthoughthis profile, from the intershotanalysischain, is
somavhat over-constrainedo ensurecorvergence—agting somelossof profile information),
in particularthe g-profile is broaderand almostcompletelyflat over the central0.5m. This
demonstrateshe effectivenessof the internal pitch angle measurements constrainingthe

equilibriumreconstruction.
To obtain consisteng between
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Figure 2: g-profiles obtainedusing MSE dataduring ‘pre- ) o . _
heat’ andfollowing the main heatingpulsein an optimised 2Xisposition(a sensitve function of

shearplasmaas comparedto the intershotmagnetics-only Offset) and that estimatedfrom the
soft X-ray (SXR) camerasagreeto

within about 1cm while they dis-
agreeby 10cm or morewhenno offsetis used. The measurementsom the FIR polarimeter
arealsoconsistentvith the EFIT calculationsat this offsetvalue.

The value of ¢ in the centreof the profile, at 1.7 is lower than that given by EFIT with
magneticglataalone(2.1) andthatwith the FIR polarimeterdata(1.9). In asimilar dischage,
at a latertime, the appearancef ann = 1 MHD modecorrelatedwith a flatteningof the T,
profile in the plasmacentreindicatesthatg = 2 nearthe axis. Sincethe plasmacurrentis still
increasinghis evidencesuggestshatthe valueof ¢, = 1.7 from the MSE measuremenis an
underestimateT his probablyrepresentshelimitationsof the calibrationmethodusedhere.

Figure3 shavs an exampleof the evolution of the g-profile obtainedirom MSE measure-
mentsduring the high power heatingphaseof a 3.4T dischage up until the end of the data
acquisitionat 7.5s. (Oneof the eight PINIs was not operatingin this dischage allowing the
analysisof the MSE measurement® be extendedwith more confidencento the full-power
phase.No offsetwasrequiredin theanalysisof this case.

Again, andasis generallythe case the g-profile is far flatter over the centralregion than
is obtainedfrom the magnetics-onlyntershotanalysis. During the high-pover heatingthe g-

analysisresults.
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profile remainsflat (possiblybecomingvery weakly reversed)with the valueof ¢, remaining
almostconstantight until the endof the datawindow.

In other dischages of this Pulse No: 47414
type a ‘snake’ MHD mode is
sometimesseenat a radius of 35
about3.5m afterthe main heat-
ing pulse. This phenomenon
has2/1 characteristi@andis in-
dicatve of low sheay possi-
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the absolutevaluesobtainedare
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Conclusions

TheMSEdiagnostichasbeen -0
commissionedndis takingdata l 25 3.0 35
reIiany. Theq-profilesobtained Major radius (m)
using MSE datain EFIT mag-
neticreconstructionarebroadly Figure3: Evolution of the g-profile duringthe high power heating
consistentwith independenin- phaseof an optimisedshearplasma. The dottedcurwe is at 6.5s
dicatorsof ¢q. A large database andindicatesthe probablelevel of uncertaintyduring the high-
of shotsexists, of which, only a Powerphase.
small part hasso far beenanal-
ysed. At presentthe diagnostic
calibrationis derived from magnetics-only-profilesin fully-dif fusedsavtoothingdischages
but opticalcalibrationis in progresgo improve onthis. In thefuturetheaccurag of theanalysis
atfull powerwill beimprovedby operatingsomeof thebeamlinesat highervoltage.
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