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Intr oduction

The profile of the safetyfactor, 
���
�� , of tokamakplasmasplaysa crucial role in the physics
of reactor-relevant high performanceoperatingregimes,suchas the enhancedreverseshear
regime.Accuratemeasurementof the 
 -profilehasthereforebecomecritical to theunderstand-
ing andcontrolof theseplasmas.

The 
 -profile is obtainedfrom aconstrainedsolutionof theGrad-Shafranov equation(using
the EFIT code[1]), wherethe constraintsincludethe setof externalmagnetic(coil) measure-
mentsaugmentedby internal measurementsof the magneticfield pitch angle. An accurate
internalmeasurementof thepitch anglecanbeobtainedfrom measurementof thepolarisation
of theStarksplit D � emissionfrom deuteriumatomsinjectedby theheatingneutralbeams[2, 3].
A motionalStarkeffect (MSE)diagnostic[4, 5] hasbeendeployedonJETduringthefirst 1999
campaignin orderto makethismeasurement.Thisdiagnostictechniquehasbeenusedonother
tokamaksfor a numberof yearsbut the complexities of the availableaccessandthe neutral
beaminjectiongeometriesonJETareparticularlychallenging.

The JET systemis comprisedof
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Figure1: Schematicof the layout of the JET MSE system
showing thedirectionsof theeightPINIsof theoctant4 heat-
ing beams.

25 spatialchannelscoveringthe full
outboardminorradiusof theplasma.
Eachchannelincorporatesafasttun-
ablenarrow-bandfilter andavalanche
photodiodedetector. The light from
all channelspassesthrougha double
photoelasticmodulator(PEM)thaten-
codesthepolarisationdirectionof the
plasmalight asanamplitudemodu-
lation of the detectorsignalsat har-
monicsof the PEM modulationfre-
quencies.Thedataaredigitisedand
signalprocessingisperformedin soft-
wareto extract the requiredharmonicamplitudes.A survey spectrometerobservesthe beam
emissionspectrumat four spatialpointsto aid in tuningof theinterferencefilters.

A significantchallengein the operationof the systemis the analysisof the datawhenall
the injector sources(PINIs) areoperating.The complicationarisesfrom the differentbeam-
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sightlineintersectionanglesfor beamsfrom differentsources,which eachgive a differentpo-
larisationanglefor thesamesightline. Thesignalfrom a singlePINI givesriseto a measured
polarisationangle,��� , where,

��� � ���"!
#%$
#'& !

()&+*',.-/(10"* � -/(%23* �()&+* � -/(10"* � -/(%23* 	�4 (1)

andthesix coefficients,
*'5

, describethePINI andsightlinegeometries.TheStokesvectorsof
the polarisedlight signalsfrom the eight PINIs sumto an overall measuredpolarisation,�76 ,
accordingto

���8�'9 ��6:!
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Calibration

To selectsignalsfrom only onebankof heatingbeamsthe longestwavelengthfeature( Q � ) of
theD � Starkspectrumis usedfor thepolarisationmeasurement.Thiswavelengthchangeswith
changingtoroidal field andhencethe filter spectrometersmustbe tunedfor eachfield used.
This is donein a singledischargeby sweepingthefilter tilt angleduringa neutralbeampulse.
In practiceonly two settingshavebeenfoundnecessary, onefor

()RTS 9
T andonefor

()RTU 9
T.

Therelative contributionsof differentbeamsto the total signalamplitude(the E � in equa-
tion 2) aremeasuredby applying250ms pulsesfrom eachbeamin turn into a plasmawith
otherwiseconstantconditions.

It hasnot,sofar, beenpossibleto conductafull calibrationof thepolarimeterfor everyinput
angleandsightline. Instead,usehasbeenmadeof the definedpolarisationchangeoccuring
betweenthesignalsfrom differentinjectorsin theswitchingshot:sincedifferentinjectorscross
the field of view in differentdirections,the polarisationangleof the light from the beamsis
rotatedby a preciseamount.This datais usedto derive a ‘sensitivity’, VL6 , for eachsightline,
with theexpression

9 ��6W! ���8�3X � �?VL6ZY%[\� - ��� �"X � �J]^6�� (here Y%[ is the ratio of amplitudesof
thefirst andsecondharmonicsof thePEMfrequency and ] 6 is thezeroangle).

While the sensitivity parameterin the above expressiondoesnot dependon the assumed

 -profile in thecalibrationdischarge,this is not trueof ] 6 . In thispaperwehaveusedtheEFIT
solution(usingmagnetics-onlydatawith 
 , heldat 0.9) in a fully current-diffusedsawtoothing
dischargeastheequilibriummodel,definingthezerooffset. It is thisestimateof thezeroangle
thatis themainlimitation in thepresentanalysis.

A numberof othertechniqueshave beenexplored(includingfiring beamsinto a gas-filled
torusandmeasuringthe boundary
 of a shrinkingplasma,limited by the inner wall). In fu-
ture, thesemethodscombinedwith detailedlaboratorymeasurementswill beusedto obtaina
genuinelyindependentcalibration.

Results

Measurementsduring full-power heatingare especiallysensitive to the relative intensity
calibrationof thedifferentPINIs andarenot presentedhere. In figure2, 
 -profilesareshown
from the ‘target’ and ‘post-heat’phases(beforeandafter the main heatingpulse)in a 2.6T
dischargeoptimisedfor highperformancein thefull-powerphase[6].
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Thetarget 
 -profileobtainedwith theMSEdatais significantlydifferentfrom thatobtained
from just magneticsmeasurements(althoughthis profile, from the intershotanalysischain,is
somewhatover-constrainedto ensureconvergence—giving somelossof profile information),
in particularthe 
 -profile is broaderandalmostcompletelyflat over the central0.5m. This
demonstratesthe effectivenessof the internal pitch anglemeasurementsin constrainingthe
equilibriumreconstruction.

To obtain consistency between
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Figure 2: q-profilesobtainedusing MSE dataduring ‘pre-
heat’ andfollowing the main heatingpulsein an optimised
shearplasmaas comparedto the intershotmagnetics-only
analysisresults.

themagneticsmeasurementsandthe
MSE dataanoffsetof 1.0e hasbeen
subtractedfrom the MSE measure-
ments. The origin of this offset is
not clear;possibilitiesincludeFara-
day rotation in the toruswindow, a
misalignmentof thediagnosticview-
ing direction or the limitations in-
volved in the zero angle assump-
tion built into the calibrationproce-
dure,althoughnoneof theseexpla-
nationsareobviouslyableto account
for such a large offset. The exact
valueof the offsetangleis obtained
from minimising f � from EFIT for
the MSE measurements.With this
offset valuethe calculatedmagnetic
axisposition(a sensitive functionof
offset) and that estimatedfrom the
soft X-ray (SXR) camerasagreeto
within about 1cm while they dis-

agreeby 10cm or morewhenno offset is used.Themeasurementsfrom theFIR polarimeter
arealsoconsistentwith theEFIT calculationsat thisoffsetvalue.

The valueof 
 in the centreof the profile, at 1.7 is lower than that given by EFIT with
magneticsdataalone(2.1)andthatwith theFIR polarimeterdata(1.9). In a similar discharge,
at a later time, theappearanceof an gh!ji MHD modecorrelatedwith a flatteningof the k"l
profile in theplasmacentreindicatesthat 
m! 9

neartheaxis. Sincetheplasmacurrentis still
increasingthis evidencesuggeststhatthevalueof 
 , !niOoqp from theMSE measurementsis an
underestimate.Thisprobablyrepresentsthelimitationsof thecalibrationmethodusedhere.

Figure3 shows anexampleof theevolution of the 
 -profile obtainedfrom MSE measure-
mentsduring the high power heatingphaseof a 3.4T discharge up until the endof the data
acquisitionat 7.5s. (Oneof the eight PINIs wasnot operatingin this discharge allowing the
analysisof the MSE measurementsto be extendedwith moreconfidenceinto the full-power
phase.)No offsetwasrequiredin theanalysisof thiscase.

Again, andasis generallythe case,the 
 -profile is far flatter over the centralregion than
is obtainedfrom the magnetics-onlyintershotanalysis.During the high-power heatingthe 
 -
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profile remainsflat (possiblybecomingvery weakly reversed)with the valueof 
 , remaining
almostconstantright until theendof thedatawindow.

In other discharges of this
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Figure3: Evolutionof theq-profileduringthehighpower heating
phaseof an optimisedshearplasma.The dottedcurve is at 6.5s
and indicatesthe probablelevel of uncertaintyduring the high-
powerphase.

type a ‘snake’ MHD mode is
sometimesseenat a radius of
about3.5m afterthemainheat-
ing pulse. This phenomenon
has2/1 characteristicandis in-
dicative of low shear, possi-
bly a minimum in 
 , at this
radius[7]. The MSE 
 profiles
in thesecasesconsistentlyshow
an off-axis minimum in 
 but
theabsolutevaluesobtainedare
again slightly lower than pre-
dictedfrom theMHD.

Conclusions

TheMSEdiagnostichasbeen
commissionedandis takingdata
reliably. The 
 -profilesobtained
using MSE data in EFIT mag-
neticreconstructionsarebroadly
consistentwith independentin-
dicatorsof 
 . A large database
of shotsexists,of which,only a
small part hasso far beenanal-
ysed. At presentthe diagnostic
calibrationis derived from magnetics-only
 -profilesin fully-dif fusedsawtoothingdischarges
but opticalcalibrationis in progressto improveonthis. In thefuturetheaccuracy of theanalysis
at full powerwill beimprovedby operatingsomeof thebeamlinesathighervoltage.
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