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1. Introduction

Thelink in steadystateconditionsbetweenthe electrontransportand current spatial profile is
studiedin FTU (FrascatiTokamakUpgradeRg = 0.935 m, a = 0.3 m, B = 4-8T) using
non-inductive currentirive. Dischargesare realizedwhere, during off-axis full LHCD (Lower
Hybrid Current Drive), temperature spatial profileg({)) evolve to peaked centrptofiles with
variation of the temperature gradient. The MHD exhibit adiabilizationof sawtoothand m=1
mode, till t=.63s in LHCD (see fig. 1), after the mode m=1 appears and pdrsisigLH. In
this paperthe resultsof a preliminarytransportanalysisof thesedischargesrereported.The
thesisof the work is: a wave depositionprofile obtainedfrom standardray-tracing Fokker-

Planckcode[1,2], modified for allowing radial diffusion of fast electrons[3], coupledto a

transportcodewhich usea Bohm-gyroBohm [4] transportmodelcheckedon ITER database
correctly predict the temperature profile. The paper is organized as follows: in sectiandrthe
measured quantities characterizing the reference dischaR$y 5arereported,in section3 the
results of the transport analysis are reported and discussed.

2. Features of FTU discharges with Full LHCD

Discharges with full LHCD orrTU arerealizedat low density,low currentwherea power of
900 kW isenoughto producethe full currentdrive by lower hybrid with asymmetricspectra.
Typical tracesof thesedischargesare shownin fig.1, wherethe measurementsf the main
plasma parameter are reported. Deuterium plasma parametess @re0.45, 1, = 0.35 MA,
B =5.5T. TheLH powerof 0.9 MW lasts0.5 s, launchedat n;g=1.55. The full current
drive is attainedandthe loop voltage dropsto 0, when the temperatureat centeris 4.3 keV
(while in ohmic regime it is 2.1 keVandthe MHD is completelystabilized,till t=.63s, when
the modem=1 appearswhile in ohmic phasea sawtoothis clearly measurecn the central
channels of fast ECE polychromator. Thgs measuremenbbtainedby visible bremsstrahlung
and Thomson Scattering data has the valug@fZ2 during full LHCD. The evolutionof the

electrontemperaturespatialprofiles measuredy the FTU ThomsonScatteringSystem([5] is
shown in fig. 2: the { profile raisesstartingfrom the spatialchannelsat mid radius,while the
peaking factof.e. the ratio betweenthe centerT, valueandits volume average(Te (0)/ <T¢>)
value increases from 5 to > 6.2. The evolutiothefgradientof the pressureprofiles showsa
clear raise of the pressure gradient starting from mid radius channels, peaking by a lieesor at
two during full LHCD. The wave deposition can be inferfiemn hard-X behaviour.The hard-

X spatial profiles were not available for the shot #12975, but for a simila(&Hs830)it were
available: the radial profiles of hard-X inthe ohmic phase and LHCD phase show an
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Fig. 1 — Traces ofmain plasmaparametersFor Fig. 2 — Temperature profiles from Thomson
shot #12975: First line average electron density; Scattering system. The mode m=1 is present at
£ R=0.935m, , = 0.917 m; Secondline t=.68s

plasma current; Third line vloop; Four line
T€'Y0); Five line fast ECE at center; six line
LH coupled power

increase ohard-X for energiesl00-300 keV,in the region off-axis at r/a = 0.3. The datafor
the shot#12975havebeensimulatedusingtwo different codesboth incorporatingthe Bohm-
gyroBohmmaodelfor the electrontransport, while the neoclassicatransport for the ion was
used.

3. Lower hybrid wave deposition profiles and simulation of the electron
temperature profiles

A standardray-tracing Fokker-Planckcode was usedto calculatethe Lower Hybrid wave
depositionprofile: the fig. 3b) showsthis profile for the shot#12975. A off axis deposition
profile is obtained,peakedat r/a=0.3,witha FWHM (full width at half maximum) spatial

distribution of Ar/a=1/6. The calculatedwave depositionfrom this code was insertedin the

JETTO code[6] as wave inducedcurrent profile to predict the electrontemperaturespatial
profiles. The result is that neither the shapenor the peakis reproduced.The comparison
between calculated and measured temperature pngfiteach betterwhen the wave deposition
is changedo a largerprofile, i.e. peakedoff-axis at r/a=0.3as given by Fokker-Planckcode
but with gaussianFWHM of Ar/a=0.3 (seefig. 3a), the results are shown in fig. 4. The
deposition profile usets from onesidein agreementvith hard-X measuremeng&ndfrom the
othersideis consistentwith a broadeningof the currentprofile dueto radial diffusion of fast
electrons. Indeed a 3D-Fokker-Planck calculat8jrincluding radial diffusion of fast electrons
confirm the broadeningof the depositionprofile, using a fast electrondiffusion coefficient of

D=0.07 m2/s. The ASTRA transportcodeis also usedto calculatethe electrontemperature
profiles from this last wave depositionprofile, using the Bohm-gyroBohmtransportmodel

given in Ref. [4]. A preliminary result of this calculation shows an agreementwith the
experimental data. The evolution of the safety factor spatial profiles obtained by the g&dd O
is shown in fig.5, featuring a deep minimum at r/a=0.3, with a g valuethi@s®. An estimate
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of the global confinementtime (1) lead to a value of T {/T onmic =0.9, resulting in
T L1/t TERSP=1 In agreement with previous calculatidiTs.
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Fig. 3 — Lower hybrid deposition profiles: a) Fig. 4 — Simulated and measured temperature
gaussian; (includingliffusion of fast selections) profiles:Te measuretly ThomsonScattering(circles),
b) Fokker-Planck and calculatedby JETTO (crosses)for t=.68s, using

the wave deposition profile given in Fig. 3a

0 1 1 1
0 0.1 0.2 0.3 0.4

p (M)
Fig. 5 — Calculatedevolution of the g-profile
before (crosses,t = 0.45) and during LHCD
(circles , t=0.68 # 12975)
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