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Abstract

The formation of a core region with improved electron confinement is reported in the recent

full current drive operation of Tore Supra where the plasma current is sustained with the Lower

Hybrid, LH, wave. Current profile evolution and thermal electron transport coefficients are directly

assessed using the data of the new fast electron bremsstrahlung tomography that provides the most

accurate determination of the LH current and power deposition profiles. The spontaneous rise of

the core electron temperature observed a few seconds after the application of the LH power is

ascribed to a bifurcation towards a state of reduced electron transport. The role of the magnetic

shear is invoked to partly stabilise the anomalous electron turbulence. The electron temperature

transition occurs when the q-profile evolves towards a non-inductive state with a non-monotonic

shape, i.e. when the magnetic shear is reduced close to zero in the plasma core. The improved core

confinement phase is often terminated by a sudden MHD activity when the minimum q approaches

two.



1) Introduction

The reduction in anomalous transport over the core region of tokamak plasmas, i.e. the

formation of Internal Transport Barriers (ITB), has significantly increased the performance of the

existing devices in terms of confinement and fusion yield in ASDEX-U (Griiber et al 1999), DIII-D

(Strait et al 1995), JET (Gormezano et al 1998), JT-60 (Ishida et al 1997), TFTR (Levinton et al

1995). These very promising results for future tokamak operation are generally obtained in regimes

where the plasma is heated with dominant ion heating schemes, i.e. mainly Neutral Beam Injection

applied during the ramp-up phase of the plasma current, that simultaneously combine large core

fuelling and momentum injection. Therefore, in order to extrapolate these regimes to tokamak

fusion reactors one must establish whether an ITB can be formed and sustained with mostly

electron heating, low particle fuelling rates and torque injection as expected in burning plasmas.

Indeed, improved electron confinement is of prime importance for sustaining thermonuclear

burning plasmas since electron heating by fusion alpha-particles will be the dominant heating

source. To address these long term issues, current profile control experiments using dominant

electron heating schemes alone have been carried out in FT-U (Burrati et al 1999), RTP (Lopes

Cardozo et al 1997) and Tore Supra (Moreau et al 1993, Hoang et al 1994, Equipe Tore Supra

1996, Hoang et al 2000) indicating that electron transport barriers could also be formed in such

conditions.

Along this line of research, this paper reports on recent improved confinement experiments

performed on Tore Supra, with significant current profile modification in full current drive

operation together, with their comprehensive transport modelling. Lower Hybrid (LH) driven

discharges have been realised during the 1999 experimental campaign : (i) to assess the behaviour

of a recently designed and installed LH antenna in this operation mode (Ekedahl et al 2000), and (ii)

to further determine the link between the LH power deposition, the q-profile evolution and the core

electron confinement. Indeed, since the previous full current drive experiments (Equipe Tore Supra

1996), a new hard x-ray (HXR) fast electron bremsstrahlung tomography with a high spatial

resolution in the plasma core (4-5cm) has been installed on Tore Supra (Peysson & Imbeaux 1999,

Peysson et al 2000). This diagnostic is well suited for an accurate determination of the LH power

deposition and current profiles dynamics in the zero-loop voltage regime where current density and

pressure profiles are fully decoupled. In this regime a spontaneous transition of the core electron

temperature is observed in the so-called hot core LH Enhanced Performance mode, (LHEP mode)

(Equipe Tore Supra 1996) while the power deposition profile, as measured by the new HXR

tomography system, is constant: therefore confirming that a core region with reduced electron

transport is formed (Peysson et al 2000).



In this paper, the current diffusion and electron transport modelling of this regime is

presented, to quantify the reduction of anomalous electron transport and the link between the

electron transport and the q-profile. The main experimental conditions and diagnostics used in our

analyses are described in section 2. Then, in the same section, the emphasis is laid on the

determination of the current profile evolution towards a steady-state equilibrium by solving the

current diffusion equation where the non-inductive LH source is directly deduced from the

experimental HXR measurements. The consistency between our calculation and the independent

magnetic and Faraday rotation measurements provides a firm assessment of the q-profile evolution.

Section three reports on the self-consistent q-profile and predictive electron transport modelling of

steady-state discharges characterised by either the absence or the occurrence of a spontaneous core

electron temperature transition. In contrast to previous analyses, the electron power deposition

profile is directly obtained from the measured HXR profile. This approach allows us to assess with

confidence the electron transport coefficients and their link with the q-profile evolution since (i) the

uncertainties on the location of the HXR profiles has been greatly reduced with the new

tomographic system and (ii) the use of complex and still questionable ray-tracing/Fokker-Planck

codes for the determination of the LH source is avoided. In the framework of our analyses, the

weak magnetic shear is identified as the main cause of the reduction of the anomalous transport for

this regime with dominant electron heating and no momentum injection.

2) Description of the experimental scenarios and current diffusion analysis

2.1) Operating conditions and plasma parameters

Using a "constant-flux" feedback scheme (Kazarian et al 1996), fully non-inductive plasmas

have been obtained during the 1999 experimental campaign in a reproducible and systematic

manner in a regime where most of the non-inductive current is driven by the Lower Hybrid (LH)

waves. Indeed, the loop voltage was maintained exactly zero through a feedback loop while the

plasma current evolved freely to its equilibrium value. This mode of operation offers the possibility

of decoupling the current density and electron temperature profiles in a reproducible manner. The

experimental conditions were the following: helium plasmas with a circular cross section, major

radius Ro=2.34m, minor radius a=0.78m, central electron density neo=2.51019m'3, toroidal

magnetic field on axis B=3.9T, plasma current Ip=0.7-0.8MA, LH power PLH =4-4.7MW

delivered by two LH launchers at a frequency of 3.7GHz. In the LH driven phase the poloidal beta,

Pp, and the toroidal beta normalised to Ip/aBt, (3N, are both of the same order in the range of 0.3-

0.4. In the 1999 campaign, up to 4.7MW of LH power has been coupled to an MHD stable plasma

during up to 10s while the loop voltage was prescribed exactly to zero (Peysson et al 2000).



2.2) Plasma diagnostics

The electron density (ne) profiles are measured with the far infra-red interferometers

(K=\95\un, five vertical chords R=1.970, 2.135, 2.300, 2.46, 2.63m) and a twelve-channel

Thomson scattering system using a Nd:YAG laser (A=1.06fxm, repetition rate 30Hz, total pulse

duration 12 ms, pulse energy 2.1J) with a spatial resolution of 6 cm (Agostini et al 1990). The

temperature profile, Te(r), is measured simultaneously with the Thomson scattering system and the

electron cyclotron emission radiometer (Segui et al 1997). The average effective charge (Z^f) is

deduced from the central line-integrated visible bremsstrahlung emissivity (Guirlet et al 1994).

The internal inductance (lj) is deduced from both magnetic and diamagnetic measurements

and the absolute error is less than 12% (Joffrin and Defrasne 1996). The far-infrared polarimetry is

used to measure the Faraday rotation angles with a maximum time resolution of 2 ms, a sensitivity

of the order of 10"3 rad, and a systematic absolute error which does not exceed 0.510~2 rad,

constant during the time evolution of the discharge (Joffrin et al 1995). Therefore attention is also

paid on the relative variations of the signal during this time evolution, in order to assess the

reported current profile modifications.

To characterize the radial location of the non-Maxwellian tail of energetic electrons formed by

the LH waves we have extensively used the hard x-ray (HXR) tomography system, recently

installed on Tore Supra (Peysson and Imbeaux 1999). This new diagnostic with improved

capability compared to the previous instrument equipped with only five lines of sight, is perfectly

suited for profile control studies with LH waves. Indeed, the x-ray bremsstrahlung emission with

photon energy in the range between 20 and 200 keV (energy resolution of 20keV) is detected by

two independent cameras viewing a poloidal cross section of the plasmas with respectively 21 and

38 chords. The high spatial resolution in the core of the plasma is 4-5cm, while the time sampling

for the analysed experiments was 16ms. The line integrated data are processed using powerful

inversion techniques to provide the local HXR emission profiles (Peysson and Imbeaux 1999).

2.3) Current diffusion analysis

In the full current drive regime, we have simulated the resistive current profile evolution of a

set of discharges where the parallel index at the peak of the launched spectrum, n//o, varies between

1.65 and 2.3 (the n^-power spectra launched by the antenna is narrow with a full width at half

maximum, FWHM, of 0.2 (Ekedahl et al 2000)). The CRONOS code (Equipe Tore Supra 1995,



Litaudon et al 1996) is used to analyse the neo-classical diffusion of the electric field inside the

plasma with the experimental temperature and density profiles, and to assess the evolution of the

current profile with different antenna phasing.

The LH power is applied on steady ohmic plasma characterised by a weak sawtoothing

activity inside r/a=0.15. This information is used together with the measured value of internal

inductance, 1(, and total plasma current to constrain the initial q-profile taken in the code as initial

condition. Then to simulate the q-profile evolution after the application of the additional power, the

LH power deposition and current profiles have been directly scaled from the radial hard x-ray

emission profiles deduced from the HXR tomography system. The scaling factors are respectively

fixed by the total LH injected power and the global LH current drive efficiency of the order of

0.6 1019rn"2A/W. Thanks to the weak diffusion rate of the fast electrons as previously measured on

Tore Supra (Peysson 1993), the HXR profiles directly provide the shape of the LH power and

current profiles. A posteriori, we show that this assumption is confirmed by the consistency

between the time evolution of the reconstructed q-profiles using the HXR profiles and the

experimental data such as the magnetic and Faraday rotation measurements. The non-inductive

sources in the current diffusion analysis are the LH and bootstrap currents and they add up together

with the residual ohmic current to provide the total plasma current profile. The neo-classical

bootstrap current is calculated "self-consistently" with the time varying q-profiles and the measured

density and temperature profiles. The neo-classical quantities are deduced from the most recent

version of the NCLASS code (Houlberg W. A. et al 1997). NCLASS solves the flux-surface-

averaged parallel momentum and heat-flow balance equations for each plasma species using the

formulation of Hirshman and Sigmar (Hirshman and Sigmar 1981). The velocity dependent

viscosity matrices are taken from a recent publication by Shaing (Shaing et al 1996) and are valid in

all collisionality regimes and aspect ratios.

A complete current diffusion analysis is presented for a stable, steady-state discharge with

n//o=1.8. At each time step of the simulation the LH current is directly taken from the Abel inverted

HXR line integrated data at a sampling rate of 16ms. The LH current density profile peaks at

r/a=0.2, and is broad with a FWHM of 0.4 in normalised radius. As shown on Fig. 1 (a) the

experimental data (magnetic loops, internal inductance and Faraday rotation angles) are well

reproduced, which provides a reasonable assessment of the current profile evolution. We stress that

this agreement is obtained without any ad-hoc adjustment (e.g. by changing the shape of the LH

current profile) and therefore provides a final check of the consistency between the experimental

profiles (pressure and LH profiles) and the magnetic/polarimetry measurements. Therefore, we

conclude that the HXR profiles could be used with confidence to reconstruct the total current profile

in this non-inductive states sustained with LH power. In addition, the current diffusion analysis

shows that the electric field becomes stationary within a time of the order of 2s and the bootstrap



current is of the order of 10% at f3p =0.35. In this precise case, q on-axis (q0) rises above one and a

steady q-profile is reached with q0 below two and a narrow region of weak or slightly negative

magnetic shear (Fig. 1 b-c).

A similar analysis has been carried out for various antenna spectra but other plasma

parameters and operating conditions are exactly the same. The different antenna phasing conditions

with single or compound spectra are characterised by <n//0>, where <n//0> is the averaged value of

n//o of the two antennae weighted by the corresponding fraction of launched power. Fig. 2a shows

the consistency between the measured loop voltage and the simulated one for a set of five

discharges assuming a fixed current drive efficiency while <«//o> is varied. This result indicates that

the CD efficiency has a weak dependence on the initial <«//o>, at least in the range of variation of

<rt//0> of the Tore Supra launchers. A similar figure has been drawn, where the simulated ls is

compared to its experimental counter-part for the same set of discharges (Fig. 2b). The internal

inductance of the simulated q-profiles, using the experimental HXR profiles, is in agreement within

the error bars with its experimental determination using the magnetic and diamagnetic

measurements. Finally, the typical shape of the q-profiles obtained by varying the antenna phasing

are shown on Fig. 3 when a stationary plasma state is reached, i.e. when the electric field profile is

close to zero. We distinguish two characteristic q-profiles : (i) monotonic q-profiles with qo>l and

with high lj, (ii) flat or slightly reversed q-profile in the core with q0 approaching two. By

increasing <n//0> values the region with weak magnetic shear is extended up to r/a=0.35 with the

minimum q value close to two.

One of the most interesting characteristics of the discharges with flat q-profiles is the

observed transition to the "so-called" hot core LHEP phase when the electron temperature profile

peaks in the plasma core while the LH power is constant. In this section, we focus on the

correlation between the temperature and q-profile evolution as calculated by CRONOS. Detailed

evolution of the electron temperature and simulated q-profiles is illustrated on Fig. 4 for an

experiment where two different spectra were launched by the two LH antennae, i.e. n//o=1.65 and

2.3. About 0.4s after the LH power is applied, the current diffusion analysis indicates that q0 rises

above one in agreement with the rapid stabilisation of the sawtooth activity. Then, about 1.3s

(t=7.3s) after the LH power is turned on, the central temperature, Teo, shows a transition to an

improved core confinement phase, when Teo rises from 4.5keV up to 6.5keV. The spontaneous Teo

transition occurs when the magnetic shear is reduced close to zero in the plasma core (Fig 4 b). It

is worth mentioning that the q-profile determined from the magnetic reconstruction code, IDENT-

D, (the open circles on Fig. 4 b) is similar to the q-profile from the resistive current diffusion

simulation. These transitions are considered as a bifurcation in confinement since during the



transition the hard x-profiles are constant at high photon energy while at low energy (20-40keV),

sensitive to the electron maxwellian bulk contribution, a similar rise is observed in agreement with

the Teo evolution (Peysson et al 2000). Finally less than one second after the Teo transition, some

MHD activity is triggered when the minimum q-value approaches two (from below). This sharp

MHD transition (collapse of Te in less than lOO îs) appears as a global resistive mode extending

over the core region inside the q=2 surface (Peysson et al 2000). The radial location of q=2

surface, as inferred from the position of the m/n=2/l magnetic island observed on the Te-profiles

(ECE measurement) and HXR profiles at all energies, is around r/a=0.4 in agreement with the q-

profile calculation. In addition, the MHD stability analysis indicates that the q-profile is flat or

weakly reversed in the region inside q=2, which also confirms the simulated q-profile evolution. In

particular, since (3p (of the order of 0.35) is fairly low for these discharges it is not possible to

recover the observed characteristics of the mode (spatial structure and growth rate) when the

magnetic shear significantly departs from zero inside r/a=0.3.

3) Predictive modelling of improved core electron confinement

For the predictive simulations, we have used the mixed Bohm and gyro-Bohm electron

transport model which has been successful in simulating ohmic, L-mode and H-mode regimes in

JET (Erba et al 1997) as well as the onset of improved core confinement in JET (Parail et al 1999)

and Tore Supra (Voitsekhovich et al 1997, Litaudon et al 1997, Litaudon et al 1999). The

distinctive feature of this model is that it combines Bohm and gyro-Bohm types of anomalous

transport, as thoroughly described in Erba et al (1997) and Parail et al (1999). To link the electron

thermal diffusivity, %t, to the magnetic shear, the Bohm term is reduced in the region of weak or

negative magnetic shear by the shear function F(sm)=[l + exp(sc-sm)/sd]' with sc=sd=0.05 (Litaudon

et al 1997). The same coefficients of the shear function have been used since their determination

from interpretative transport analyses of Tore Supra discharges with various q-profiles shapes

(Equipe Tore Supra, 1996). The theoretical justification for explaining the magnetic shear effect on

the anomalous thermal transport is well developed and based on the transition of the associated

turbulence from a non-local (Bohm term) to a local character (gyro-Bohm term) when the magnetic

shear decreases (e.g. Romanelli & Zonca 1993). In the theory of anomalous transport due to global

modes, the reduction in transport over the low magnetic shear region is interpreted as resulting

from the toroidal decoupling of the modes, with a subsequent decrease in the radial correlation

length of the fluctuations.

Hence, it is natural to verify the validity of our model to describe the formation of peaked

electron temperature profiles, as observed during the recent current profile control experiments with



LHCD, using the most accurate experimental determination of the LH current and power deposition

profiles. Indeed, previous electron transport analyses of such regimes were carried out with power

deposition profiles either measured by the former HXR diagnostic (five vertical chords only) or

determined from Ray-Tracing/Fokker-Planck modelling, or deduced from simplified LH absorption

models (Voitsekhovich et al 1997, Litaudon et al 1997). Electron simulations reported in this paper

have been performed with the CRONOS code, which self-consistently evolves the coupled heat and

current transport equations using, for the first time, the shape of the HXR profiles measured by the

new tomography system for the LH power and current profiles. Fig. 5 shows the predictive time

evolution of the central electron temperature, Teo, including or not the magnetic shear correction in

the electron thermal diffusivity. This discharge makes a transition into a "hot core" LHEP phase at

t=7.3s when Teo rises from 4.5keV up to 6keV. A better agreement with the experimental

temperature profiles is obtained when the transport is self-consistently reduced close to the gyro-

Bohm term only, in the weak magnetic shear region, i.e. inside r/a<0.35. Indeed, when the

magnetic shear is reduced in the plasma core, x« decreases from typically 1.5m2/s down to 0.6m2/s

to recover the ohmic level despite the application of 4.6MW of LHCD power (Fig. 6). The power

deposition profiles, measured by the HXR-tomography system, are broad and centered at r/a=0.3

and do not evolve when the electron temperature profiles peak in the core. Furthermore, the

improvement in the core electron confinement, due to the magnetic shear, is triggered at about t=7s

when the magnetic shear at r/a=0.2 decreases below the critical magnetic shear sc fixed at a value of

0.05. The fact that the Teo transition in this experiment occurs practically at this time indicates that

the parameters of the shear function were correctly determined. Fig. 7 shows the results of our

modelling for another discharge (a slightly different ny/-power spectrum, n//0 =1.65/2.3 instead of

n//o =1.8/2.3 for the pulse shown on Fig. 5 & 6) where the transition into a hot core LHEP phase is

also observed. Once again, the model with the magnetic shear correction is required to reproduce

the onset of the transition and experimental Te profiles after the transition. Finally, it is also

interesting to simulate discharges without a core electron temperature transition with the same

model. The results of such a simulation is shown on Fig. 8. In this case the magnetic shear at

r/a=0.2 is kept above the critical magnetic shear and both modelling with or without the shear

correction could reproduce the experimental Te-profiles.

A similar predictive transport modelling has been performed for a large number of zero-loop

voltage discharges where the LH antenna phasing is varied, i.e. corresponding to various

formations of q-profiles with monotonic or non-monotonic shapes. The results of the simulations

are summarised in Fig. 9 where the simulated core temperatures are plotted versus their

experimental counter-parts for each pulse. A good agreement with the experimental data is only

obtained when the magnetic shear dependence is included in our modelling, in particular to

reproduce the phase when the electron temperature profiles peak in the plasma core (Teo>5keV in



Fig. 9). For discharges with monotonic q-profiles where Teo transitions are not observed, the

simulations with or without the magnetic shear correction give similar results. In particular, the

simulation performed with the magnetic shear correction does not exhibit a core transition (in

agreement with the experimental data) which confirms on this new database the choice of the

parameters of the proposed shear correction.

4) Conclusion

We have shown that in a steady-state regime sustained by the LH current drive, the q-profile

evolution is accurately determined by solving the current diffusion equation where the LH current

profiles are directly scaled from the measured HXR profiles while the bootstrap and residual ohmic

current components are calculated self-consistently using the neo-classical theory together with the

experimental pressure profiles. This conclusion is based on the reported consistency between the

magnetic/polarimetric measurements with the calculated q-profiles. Thank to the off-axis nature of

the LH current and the weak diffusion rate of the fast electrons, the q-profile evolves from the

standard monotonic shape in the ohmic phase prior to the application of the LH power to a weakly

reversed magnetic shear configuration. Depending on the LH antenna phasing, the location of the

minimum q varies, at zero-loop voltage, up to a normalised radius of r/a=0.35. In the described

experiments the minimum q-values are kept close or below two. When the volume of the weak

magnetic shear region is sufficiently large, a bifurcation in the core electron temperature is

systematically reported and ascribed to a reduction in the anomalous electron transport. The phase

of improved core electron confinement is often terminated by a sudden MHD-driven collapse when

the minimum q values approaches two (from below).

A self-consistent modelling of the q-profile and electron temperature profile evolution

(predictive electron transport modelling) using the most accurate experimental determination of the

LH current and power deposition profiles provided by the fast electron bremsstrahlung

tomography of Tore Supra, shows that the core temperature transitions should be interpreted as

resulting from a reduction in the anomalous electron transport. This conclusion is also directly

inferred from the raw data of the fast electron bremsstrahlung tomography since the emission

profiles at high photon energy are constant while the thermal electron temperature rises in the core

(Peysson 2000). During the transition in core confinement, our analyses show that the electron

thermal diffusivity, y^, is reduced from the Bohm to the gyro-Bohm level (Erba et al 1997, Parail et

al 1999) (from l-2m2/s down to 0.4-0.5m2/s) over the weak magnetic shear region. In the

predictive transport modelling, the non-linear coupling between the magnetic shear and %e should be



taken into account to reproduce the emergence of different thermal states during the current profile

evolution towards a genuine steady-state equilibrium.

The future challenge for steady-state operation on Tore Supra consists in extending the region

with weak magnetic shear at higher density and bootstrap current fraction while avoiding the

occurrence of sudden pressure collapses in the vicinity of low order rational q-surfaces (e.g. q=2)

(Imbeaux et al 2000). High density operation will require to combine LH current with a large

amount of Ion Cyclotron Resonance Heating power to further increase the plasma pressure and

normalised beta, i.e. bootstrap current fraction. In addition, due to the (non-linear) link reported in

this paper between the q-profile and the electron transport, active q-profile control is desirable to

maintain a high performance regime with reduced core anomalous transport in long pulse steady-

state operation.
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Figure Caption

Fig. 1: Resistive current diffusion simulation (CRONOS) using the experimental hard x-ray

profiles for the LH current profiles (PLH=4.6MW). (Fig. 1-a) Time evolution of Teo, LH power,

experimental and simulated Faraday rotation angles, ^ and loop voltage. (Fig. 1-b) q-profile

evolution (CRONOS) towards a fully non-inductive plasma state. (Fig. 1-c) Total current density

profile at t=5s (initial ohmic phase) and t=10s. LH, Bootstrap and residual ohmic current at t=10s

(#28342 with n//0=l.8).

Fig. 2: Resistive current diffusion simulation (CRONOS) of full current drive discharges

with different antenna phasing. (Fig. 2-a) Measured loop voltage (Vloop) versus the simulated one

for five discharges. (Fig. 2-b) Measured internal inductance (1() versus the simulated one for five

discharges.

Fig. 3: Resistive current diffusion simulation (CRONOS) of full current drive discharges

with different antenna phasing. Typical q-profiles evolution deduced with CRONOS using the

experimental hard x-ray profiles for the LH current profiles.

Fig. 4: (Fig. 4-a) Time evolution of Te0 at various positions showing a spontaneous

transition in the plasma core at around t=7.3s and a collapse at around t=8.2s (PLH=4MW). (Fig.

4-b) Simulated q-profile evolution (CRONOS) using the hard x-ray profiles; the open circles

correspond to the q-profile deduced from the equilibrium reconstruction code (IDENT-D). (#28334

compound spectra n//0= 1.65/2.3, PLHCD=2.1/1.9MW, <n//0>=1.95).

Fig. 5 : Transport simulation of steady-state experiments (PLH=4.6MW). (Fig. 5-a) The

experimental (dashed line) and the simulated (full line) time evolution of Teo. The dotted line

corresponds to a simulation performed without including the magnetic shear dependence in the

transport model. (Fig. 5-b) The experimental and simulated Te profiles (full lines). (#28348

compound spectra n//o=l.8/2.3, PLHCD=2.3/2.3MW, <n//o>=2.05).

Fig. 6 : Electron thermal transport coefficients for the discharge shown on Fig. 5. (Fig.

6-a) Time evolution of the electron thermal diffusivity from the Bohm/gyro-Bohm model at r/a=0.2

and r/a=0.5. (Fig. 6-b) The corresponding %e profiles and the measured power deposition profile.

(#28348 compound spectra n//0= 1.8/2.3, PLHCD=2.3/2.3MW, <n//o>=2.05).
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Fig. 7 : Transport simulation of steady-state experiments (PLH =4.0MW). (Fig. 7-a) The

experimental (dashed line) and the simulated (full line) time evolution of Teo. The dotted line

corresponds to a simulation performed without including the magnetic shear dependence in the

transport model. (Fig. 7-b) The experimental and simulated Te profiles (full lines). (#28334

compound spectra n//0= 1.65/2.3, PLHCD=2.1/1.9MW, <n//0>=1.95).

Fig. 8 : Transport simulation of full current drive experiments without a Teo transition

(PLH=4.6MW). (Fig. 8-a) The experimental (dashed line) and the simulated (full line) time

evolution of Te0. The dotted line corresponds to a simulation performed without including the

magnetic shear dependence in the transport model. (Fig. 8-b) The experimental and simulated Te

profiles (full lines). (#28344 compound spectra n//0= 1.8/2, PLHCD=2.3/2.3MW, <n//0>=1.9).

Fig. 9 : Simulated Teo (CRONOS) versus the experimental values. Each point corresponds

to one pulse of the n//0 scan. The dark triangles (respectively the open circles) correspond to the

transport simulations performed with (respectively without) the magnetic shear dependence in the

transport model.
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