31st EPS Conference on Plasma Phys. London, 28 June - 2 July 2004 ECA Vol.28G, P-1.148 (2004)

Tritium Fuelling of JET Plasmas with Internal Transport Barriers
J. Mailloux', C.D. Challis', K-D. Zastrow', .M. Adams', B. Alperl,
Yu. Baranovl, P. Beloé, L. Bertalot® , P. Beaumontl, R. Butteryl, S. Conroyl,
E. De La Luna4, P. de Vriesl, C. Giroud', N.C. Hawkesl, E. Joffrin®, P.J. Lomasl,
D.C. McDonaldl, S.D. Pinches’, S. Sharapovl, L. Voitsekhovitchl,
and JET-EFDA contributors*

'Euratom/UKAEA Fusion Association, Culham Science Centre, Abingdon, Oxfordshire, UK
2 Association Euratom-CEA, CEA Cadarache, 13108, St Paul-lez-Durance, France
I Associazione Euratom-ENEA sulla Fusione, Centro Ricerche Frascati,Frascati, Italy
“Asociation Euratom-CIEMAT para fusion, CIEMAT, Spain
’Max-Planck Institut fiir Plasmaphysik, EURATOM-Association, Garching, Germany
S Association Euratom-IST, Lisboa, Portugal
*J. Pamela et al, Fusion Energy 2002 (Proc. 19" Int. Conf. Lyon 2002) IAEA Vienna

1. Introduction

The presence of an Internal Transport Barrier (ITB) in the plasma can dramatically affect the
transport of fuel and impurity particles. However, effective control of the plasma density,
fuel concentration and deuterium-tritium mixture is required to maintain fusion power.
Dedicated experiments have been performed in JET to address these issues, using trace
amount of tritium injected transiently to make it possible to determine separately the T
diffusion and convection. Three fuelling methods were compared in otherwise similar ITB
plasma conditions: T gas puffing, neutral T beam injection and T recycled from the wall.

2. Experimental scenario and neutron diagnostic

The plasmas used in these experiments have deeply negative shear, obtained by applying
Lower Hybrid Current Drive (LHCD) shortly after the beginning of the current ramp-up.
High Neutral Beam Injection (NBI) and Ion Cyclotron Resonance Heating (ICRH) power is
applied ~1s before the minimum safety factor (qmin) reaches 3, and triggers an ITB seen
simultaneously on the electron and ion temperature (Te, T;), and on the electron density (ne).
The plasma current (Ip) is ramped towards 3MA throughout most of the experiment, and the
magnetic field (B=3.2T) is constant. The LHCD and NBI waveforms were engineered to
provide either a single ITB in the region of negative magnetic shear (Fig. 1) or a double ITB
by allowing a second barrier in the positive magnetic shear region (Fig. 2). In Fig. 1 and 2,
pre* 1s the ion Larmor radius at the sound speed normalised to the local T. gradient scale
length, pr*>0.014 corresponds to a clear ITB (determined empirically)'. Both types of ITB

were produced with duration greater than the energy confinement time.
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Figure 1.Time evolution a) ITB (p*r. > 0.01) Figure 2.Time evolution a) ITB (p*r. > 0.01)
and b) Pupp and Ip for shot 61352 and b) P,pp and Ip for shot 61353

The evolution of the trace tritium is tracked using collimated horizontal and vertical neutron
cameras that measure separately the DT and DD neutron emissivity>>. The number of lines
of sight allows enough spatial resolution to give information from the regions inside and
outside the core ITB and the outer ITB. The time resolution is 10ms. Figure 3-b) shows the
time of the maximum of the 14MeV neutron emissivity for the lines of sight of the
horizontal camera, following a T gas puff, for three shots with ITBs at different location

(illustrated on Fig.3-a). This figure shows that the inward propagation of the tritium ions

10 450
91 ,, 400 -
81 E 350 -
[ S 300 -
S 61 @
g/ 5 % 250 -
- i
eog = 200
3 | ,_g 150 7
2 £ 100 -
194 53 6271 8 9 50 |
0 . T . .\ : T . ; : T : T : T 0 T T T T T T T
3 31 32 33 34 35 36 3.7 38 3 313233343536 37 3.8
RMAJ (m) RMAJ (m)
Figure 3-a) T, for shots 61351 (diamond), Figure 3-b) Time from T gas puff of the
61352 (square), 61353 (triangle). The dashed — maximum of emissivity for the lines of sight
lines show the lines of sight (hor. Camera) of the horizontal camera

slows down at the ITB location, whether it is in the positive or negative magnetic shear
region of the plasma. This illustrates how the presence of an ITB can affect the fuel
transport. However, in order to understand the processes behind this effect, and to be able to

extrapolate to a 50:50 DT plasma, a detailed transport analysis is required.
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3. Transport analysis
In order to determine the T diffusion
coefficient (Dt) and convection velocity

(vr), the neutron emissivity spatial and
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Figure 4. Measured Dy and vr, in comparison

to neo-classical prediction, a negative vr
indicates inward convection. The dashed
lines represent the error bars.

leads to the best fit to the neutron data,
in comparison with the neo-classical
diffusion coefficient and convection
velocity predicted by NCLASS®. The experimental Dr falls to < the neo-classical value at
the location of the ITB, but is higher in the region enclosed by the ITB. The T inward
convection velocity also decreases at the ITB location (from ~10m/s to ~0.3m/s), but
remains larger than the neo-classical prediction. Note that the neo-classical transport
contribution for T is different than for D, because T is in minority6’7. This will have to be
taken into account when extrapolating the results found here to 50:50 DT plasmas.

4. Preliminary results of comparison of fuelling methods

The three fuelling methods have been
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Figure 5. T; and n, profile for shots 61352
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measurement is shown at 0.3s after the

end of the T beam blip, which
corresponds to the time where the fast T
from the beam has become thermal, as calculated by TRANSP. In the case of the gas puff,

the time shown corresponds to the time at which the T arrives in the core (0.4s after the
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beginning of the gas puff as shown in Fig. 3). The total number of T atoms injected in the
torus from the gas puff is higher than that injected with the beam blip, by
3.1x10%/8.2x10'"%~38. However, the DT neutron emissivity in the core (which is
proportional to the T density in the observed temperature range) for the gas puff is only 1.6
times higher than for the T beam blip. Hence, in this case, the T beam blip is ~25 times more
efficient than the gas puff in getting T ions into the plasma core. When comparing the
fuelling scenario in plasmas with weaker ITBs (as in Fig.2 for example), it is found that,
although the T beam is always more efficient than the gas puff for increasing the T in the
plasma core, the difference between beam and gas fuelling is not as pronounced. This
indicates that the relative efficiency of different fuelling methods depends on the
confinement inside the plasma. These results are preliminary and the detailed transport
analysis of these experiments to compare the fuelling scenarios more accurately, including

for extrapolation to ITER, is in progress.
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