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We calculatemicroinstabilitygrowth ratesin JET optimizedshearplasmaswith a comprehen-
sive gyrofluid model,including shearedt x B flows, trappedelectronsandall dominantion
speciesn realisticmagnetigeometry We find goodcorrelationbetweerE x B shearsuppres-
sionof microinstabilitiesandboththe formationandcollapseof the internaltransportarriet

l. Intr oduction

Suppressiorof turbulenceby E x B shearis a leading candidatefor understandinghe
mechanisnof transporimprovementin L-H transitionsandin the formationof internaltrans-
port barriers. However, most of the evidencesupportingthis view is someavhat qualitatve.
Usually, oneexpectsturbulencesuppressionvhenwy, the E x B shearingate,is ontheorder
of thelinear growth rateor a turbulentdecorrelatiortime. Mary investigationsof this nature
usesimplified estimatesof the linear growth rate or approximatemodelsto include the flow
shear In this work we extend thesestudiesby calculatingthe microinstability growth rates
with a comprehensie numericalgyrofluid calculationevolving the dynamicsof the mainion
speciesimpurities,beamsandtrappedelectronsWe alsonow includethesheared x B flow
directly in thecalculationof theinstability growth rates.

Il. Incorporating sheared E x B flowsin gyrofluid simulations
We have includedthe effectsof equilibriumsheared® x B flowsin our gyrofluid simula-
tionsthefollowing mannerIn eachfluid equationE x B corvectiongivesriseto threeterms:
aa—:z%—vg))-Vn%—VE-Vno%—vE-Vn—}—---:0, Q)
correspondindo a shearecequilibrium E(© x B flow, a linear corvection of the equilibrium
densitygradientby the perturbedE, andanE x B nonlinearity In our flux-tube simulations,
we solwve the evolution of the fluid quantitiesin generalgeometryin a flux-tubealignedwith
the magneticfield, n(«, ¢, 0,t), wherea and > are coordinatesperpendicularto the field,
B = Va x Vi, ¢ is the poloidal flux, and§ measureslistancealongthefield line. In these
coordinate€q. (1) becomes:

on 26 on 0¢ Ong ¢ dn  0¢ On
— —cC —ter——F+c|l 57— 55 e =0, (2)

ot oY Oda da 0 Oady 0y da

For alinearlysheare®® x B flow, 9o /9y = §2¢() /92 (1 —1hy), wherex, is thepoloidal

flux at the centerof the flux-tube simulationdomain. The constantE(®) x B flow only intro-

ducesa dopplershift, andis not includedhere. By introducingthe variabletransformation
o = a—cd*¢0) |92 (h — 1y )t, sothenew coordinateshearin thepoloidaldirectionwith the
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equilibriumflow, thevg” - Vn termis introduced consistentvith smoothstatisticallyperiodic
boundaryconditionsacrosshe > domain.In otherwords,aneddywhich is corvectedout one
sideof theflux-tubewill re-enterthe othersidewith the appropriateotationsoit doesnotfeel
adiscontinuity Theonly changes thatnow radialderivativesaretime dependent:

o 0 90 9

— = 1—.
9 o0 9v?  da

3)

In morestandardballooningnotation,this meansthatthe 6,’s shift: 6, = 6, + Qgt/3, where
k. = kg36y, andQg = (¢/T:)9%¢(?) /9p?, andp is anormalizedfux surfaceabel.
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Fig. 1. ®(¢t) for sevené)s in the presenceof E x B shear In this representatiorthe addition of flow
shearintroducesoscillationson top of exponentialgrowth,anda reducedeffectivegrowthrate

The linear behaior of our initial value calculationswith flow shearis shovn in Fig. 1.
Whena modeis shearedo sufficiently high 4,, we reintroducet at negative 6,, to resole the
physically relevant part of k-space.Differenté,’s arelinearly coupledthroughthe boundary
conditionalongthefield line,! makingthe linear calculationwith flow shear2D. This makes
the linear computationanore challenging,increasingthe importanceof the relatve speedof
our fluid model. The netgrowth now dependsn somesenseon the 6, averagedgrowth rate,
asamodeis corvectedpoloidally. This approachand our resultsaresimilar to Ref. 2. The
potentiallydestabilizingeffect of parallelflow shearis notincluded.

In the analysisthatfollows, we usebounceaveragedrappedelectronfluid equation$ cou-
pledwith thetoroidalion gyrofluid equation$for D, animpurity, andbeamsijn theelectrostatic
approximation.This modelthusincludesboththe long wavelengthTEM andITG instabilities,
andhasbeenthoroughlybenchmarkeagainstully kinetic calculations’.

Becausedhe detailsof the magneticgeometrycansignificantlyaffect the results,we solve
theseequationdn realisticgeometry The detailsof flux-tube simulationin generalgeometry
aregivenin Ref. 1. Using measuredgrofilesfrom TRANSRE® we numericallycalculatethe
equilibrium at eachtime of interest,andthencalculatethe necessargeometricakoeficients,
e.g.the V B andcurvaturedrifts, usingtechniquesn Ref. 7.

lll. Detailed comparisonwith JET optimised shearpulse
We now analyzeJET optimizedsheardischage 40847% which is a stringenttestbedfor
the E x B shearsuppressioparadigm.Shortly afterthe beamsgurnonat¢ = 5s, aninternal
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transportbarrierforms and7; increasesharply asshavn in Fig. 2(a), and y;, calculatedby
TRANSR drops,shavn in Fig. 2(b). At ¢ = 6.8s, the edgeundegoesan L-H transition,
andcoreconfinementleterioratesHowever, within the time resolutionof the data,we cannot
determinewhetherthe L-H transitionprecedeshelossof the corelTB, or whetherthe lossof
the corelTB precedeshel-H transition. Likewise, we cannotdeterminewhetherthe lossof
corerotationprecedeshelossof thecorelTB, or vice versa.lt is alsoa possibilethatthe core
ITB collapseis triggeredby MHD.
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Fig. 2. (a) T; and (b) xi(p = 0.4) for a JET optimizedsheardischarge Att = 6.8s the core ITB
collapses.

To analyzethis dischage we useprofilesfrom TRANSP and their gradientsasinputs at
the flux surfaceof interest. £, is calculatedfrom radial force balanceusing the NCLASS
packagé, using measuredr, and Vp profiles and calculatingthe neoclassicab,. For this
dischage the contribution from v, dominatesE,. Thetime behaior of the measured,, and
calculatedshearingate,wg, areshavn in Fig. 3. After ¢ = 6.8s, rotationslows andwz drops.
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Fig. 3. Toroidal rotationat # = 340cm, v4, and the shearingrate at p = 0.4, wg, vs.time. After
t = 6.8s, corerotationslowsandwg drops.

Fig. 4 shavsthegrowth ratevs.timeatp = 0.4, maximizedover kqp; < 1.5. Wefirst shov
thegrowth rateignoring E x B sheaylabelledyz_o. As the profilessteepenthe growth rates
firstincreaseandthendecreasealthoughthis doesnot appeato be dueto geometricafinite-3
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stabilization!® in contrasto ERSon TFTR. Thiswastestecby recalculatingheequilibriawith
(3 reducedby a factorof 10, andrepeatingthe growth rate calculationwith the nev geometry
but the samedriving gradientsandlittle changewasfound. As the growth ratesdrop, toroidal
rotationbuilds up until the shearingrate,wg, is within a factor of 2 of the linear growth rate.
This occursneart = 6.2s, roughly consistentvith the decreasén y; shovn in Fig. 2. Later,
toroidalrotationdecreaseandwy dropsbelov v5—o ataround: = 7s. Thisis alsoconsistent
with theincreasen y; in Fig. 2, andthelossof theinternaltransportarriet

Finally in Fig. 4 we shav thegrowth ratesincluding E x B sheaylabelledys,;. Theseare
very roughly consistentvith the expectationof completeinear stability whenwg > vg-q, and
evenmoreconsistentvith boththeformationof theinternaltransporbarrier andthelossof the
corebarrieratt = 6.8s. Theseresultsencouragdully nonlinearsimulationsof this dischage
in thefuture,usingthetechniquepresentedbove.

time (s)

Fig. 4. Growthratesand shearingratesvs.time at the p = 0.4 surface,calculatedwith and without
E x B shear Att = 6stheshearingrate hasincreasedo within a factor of 2 of thelinear growthrate
ignoring E x B shearygp—q. Later, toroidal rotation slowsandwg dropsbelow~yr—qo. Thefull linear
growthratesincluding E x B shearlabelledvsy, correlatewell with thereductionin x; asthebarrier
is formed,andtheincreasen y; asthebarrier collapes.
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