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Figure 2: Evolution of current density at
various radii during the plasma current
ramp-up from 0.4 MA to 1.2 MA for shots
in Fig 1 (a: case 1, b: case 2, i.e. start-up
phase).
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Figure 1: Ramp-up rate, skin depth (at
r/a = 0.7), and self-inductance versus total
current for two scenarios. Case 1 (full): ramp-
up between 8.5 s and 9 s, after a steady-state
Ip = 0.4MA. Case 2 (dashed): start-up phase
between 0.1s and 2.5s.

8.5 119 9.5 10 10.5
Time (s)

Figure 3: ICRF H-minority heating discharge
with preformed hollow current profile.

Figure 3 illustrates a typical discharge (#TS25196) carried out at the central density of
6.5x1019m"3. After a stationary current plateau of 0.4 MA / 8.5s, I is ramped to 1.2 MA. An
ICRF power of 4 MW is applied at the end of the Ip ramp-up (t = 9 s), after the formation of
the hollow profile. The preformed RS configuration (at t = 8.7 s, with central value of safety
factor, q(0), between 2.5 and 3) is transiently maintained for about 0.2 s, from t = 9 s to
t = 9.2 s, when the ICRP power is applied. The time evolution of the current density profile is
shown in Fig. 4. Within the error bars the minimum value of q (slightly higher than 2) is found
to be located between r/a = 0.5 and r/a = 0.6. This transient hollow profile relaxes to a flat
profile. In spite of a dominant on-axis electron heating the flat profile remains until the end of
the Ip plateau (t = 11 s). At the time t = 10 s, an improved confinement transition is observed
(Fig. 5). Normalized beta increases until the end of the current plateau, t = 11 s reaching the
value of 0.7, while the total power is kept constant and the gas fueling is switched-off at t = 9 s.
The total energy is found higher than the ITER L-mode prediction [6] by about 40%

(confinement time tE = 130 ms compared to 95 ms of a reference L-mode shot, and tE
ITER =

90 ms). Also, the electron energy exceeds the Rebut-Lallia-Watkins L-mode scaling, which
usually reproduces the Tore Supra L-mode [7], by a factor of 1.4. Ion temperature profiles are
not available in our experiments, but the same enhancement factor in both total and electron
energies suggests that the ion confinement is also improved. A clear transport barrier is
observed inside the region r/a = 0.6 in the electron channel. Electron temperature and density
profiles become more peaked inside the low shear region. Figure 6 shows the electron pressure
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and magnetic shear profiles of shot #TS25196. One can see that the electron pressure gradient
significantly increases within the region r/a < 0.6 where the magnetic shear is lower than 0.3
(usually 0.7 in the L-mode).
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Figure 4: Current profiles of discharge
#7S25196, in Fig 3, before (at t = 8.2 s: cross,
and t = 8.7 s: square) and after ICRF application
(at t =9.1 s: diamond, t = 9.8 s:
t = 10.8 s: circle).
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triangle, Figure 5: Time evolution normalized beta
(HN)- total and electron energies (dashed
curves correspond to the ITER L-mode
scaling for total energy and the electron
Rebut-Lallia-Watkins L-mode scaling).
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Normalized radiusFigure 6: Electron pressure and magnetic shear

profiles of shot #TS25196 in Fig 3, at t = 9.8s _.
(triangle, 2MW), t = 10.2s (square, 4MW), and Fl8ure 7: Comparison of 1-Fluid effective
t = 10.8s (circle, 4MW). Dashed curve dlJfusivity (#TS25196) with a reference
corresponds to the reference L-mode shot. L-mode.

A 1-fluid transport analysis shows that the effective heat diffusivity (%eff) is reduced by a
factor of 3-4 from the L-mode value in the flat q profile region. Figure 7 shows the profile of
Xett °f s h o t TS25196 for three time slices during the improved confinement phase: 0.1 s, 0.4 s,
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and 0.8 s after the transition (t = 10.1 s, 10.5 s, 10.8 s) together with a reference L-mode
shot. For this analysis, the ICRF power deposition is computed by the PION code [8]. The
calculation gives a power coupled to the electrons of about 80% of the total injected power with
an unchanged deposition profile during the improvement phase.

A stability analysis with a gyrofluid code indicates that the stabilizing effect in the core
region is mainly due to the magnetic shear reversal during the transient preformed current phase.
The radial profile of the maximum linear growth rate (Y™*), calculated at t = 9.1 s (hollow

profile), is plotted in Fig. 8. 7™", computed by assuming a monotonic profile, is also reported

in this figure. This suggests that the negative magnetic shear reduces 7"iax to the level of the ExB

shear stabilizing effect (yE =— —- , E being the neoclassical value including the ripple
drV B J

effect). In the plateau with ICRF heating, this effect of magnetic shear (flat profile) becomes
weaker, and a larger stabilizing ExB shear takes place.

For this experiment, the density fluctuations are measured by heterodyne CO2 laser
scattering diagnostic for k = 8 cm'1. Preliminary results indicate that the turbulence intensity,
during the current ramp-up phase when the hollow current profile is formed, is significantly
reduced and remains at a low level during the ICRF power application. Figure 9 shows the
normalized rms signal ((5n/n)2) as a function of the product ne. VTe. It decreases with increasing

ne.VTe, while an opposite variation is usually observed in the L-mode (Fig.9).
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Figure 8: Radial profile of linear growth rate
for shot #TS25196, at t = 9.1 s. Dashed
curve: calculation assuming a monotonic q Figure 9: Statistical analysis of density
profile. Stabilizing ExB shear is from fluctuation versus nVTt Cross: L.mode_
neoclassical calculation with the ripple Cirde: shots of scenario described in this
effecL paper, the full line illustrates the trajectory of

one of these shots.
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