Development of RF tools and scenarios for ITER on JET
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The focal points of the Task Force H at JET are plasma heating, current drive and plasma rotation as well as the optimization of the systems. In the very intense 2003-2004 campaigns, we emphasized in those areas the development of tools and scenarios for progress towards ITER.

The improvement of LH coupling with local puffing of D2 gas, which made operation at ITER relevant distances (10 cm) and with ELMs a reality, has been extended to plasmas with higher triangularity [1]. 

The flexibility of the JET ICRF system, the possibility to use tritium, and the good confinement of energetic particles are key capabilities of JET and permit the testing of ITER scenarios. The 3He minority heating scenario, a heavy (“inverted”) minority scenarios considered for the non-activated start-up phase of ITER [2], heats at low 3He concentrations efficiently the bulk ions. For n3He/ne > 2%, the scenario transforms to a mode conversion scenario where the electrons are heated. The D minority heating is not accessible as the concentration of C6+ dominates the wave propagation and always leads to mode conversion. A third heavy minority scenario, the minority heating of T, is very effective at producing neutrons. An exotic fusion reaction (pT) must be taken into account when evaluating neutron rates. 

Experimental evidence confirmed the theoretical prediction that, as the larmor radius increases beyond 0.5 times the perpendicular wavelength of the wave, the second harmonic acceleration of the ions decreases to very small levels. This influences strongly the distribution function of the heated ions. Active destabilization of sawteeth, first stabilized by fast particles, was demonstrated. The contribution of fast particles accelerated by ICRF to the plasma rotation was clearly identified, but it is only a small part of an underlying, and not yet understood, co-current plasma rotation. Progress was made in the physics of ELMs while their effect on the ICRF coupling could be minimized with the conjugate-T matching scheme. 

ICRF was developed as a wall conditioning procedure and shown to work even on a large machine. In contrast to glow discharge cleaning, it can be used in a machine such as ITER where the magnetic field (of the superconducting coils) will stay on between discharges. A mixture of gases (He/H2) improved the homogeneity of the glow.

The addition of 3 dB couplers is a step in improving the power capability of the ICRF heating on JET in ELMy plasmas. The installation

of an ITER-like, ELM resilient antenna in 2006 will further increase this capability and be a test of the ICRF scheme for ITER.

[1] J. Mailloux et al., this conference 

[2] M.-L. Mayoral et al., this conference 

[3] A. Lyssoivan et al., this conference







