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SELF-CONSISTENT SIMULATION OF ELECTRON CYCLOTRON RADIATION TRANSPORT AND SUPERTHERMAL ELECTRON KINETICS IN HOT TOKAMAK PLASMAS
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Numerical studies of the contribution of superthermal electrons to electron cyclotron radiation (ECR) transport in hot (Te > 10 keV) plasmas confined by a strong toroidal magnetic field (B > 5 T) are reported. The results obtained with help of the code CYNEQ [1], which is based on the approach [2], are as follows. 

1. Strong absorption of ECR in the relatively cold and dense peripheral plasma is capable of compensating the enhancement of ECR source, which is caused by the presence of superthermal electrons, to give almost the same value of volume-integrated ECR power loss. This is true for superthermals both in the core and off-axis regions. 

2. For ITER-like conditions (namely, those close to reference scenario “Inductive”), local rise of the net ECR power loss PEC(r), caused by the superthermal electrons in the core (e.g., by the ~10% fraction with locally doubled temperature), makes the value PEC(0) a noticeable part of the fusion power in the core (cf. [3]). This qualitatively agrees with the {ASTRA + CYTRAN} code-based analysis [4] of the contribution of the ECR to local energy balance in the case of purely maxwellian electron velocity distribution (EVD) for the ITER regimes with somewhat higher temperatures, namely Te(0) ~ 35 - 45 keV. 

3. The revealed sensitivity of PEC(r) to superthermal electrons suggests the necessity of a self-consistent treatment of (i) kinetics of superthermal electrons and (ii) ECR transport. Numerical solution of such a problem under reasonable assumptions (isotropy of EVD in pitch angles, etc.) by an iterative procedure appears to be converging very fast. 

4. In the core of the plasma column, the depletion of EVD’s “tail” is found to be stronger than its growth/flattening, while in the periphery the growth/flattening may compete with the depletion and even exceed it. These kinetic effects work ultimately for the global flattening of PEC(r) profile: a lowering, in the core, and a rise, in the periphery. 

5. For ITER-like conditions, the contribution of deviations of EVD from a Maxwellian caused by the transport of plasma’s self EC radiation appears to be small even for high values of the wall reflection coefficient (Rw=0.9). 

6. The above-mentioned results suggest the necessity, for ITER-like conditions, of solving self-consistently the two problems -- (i) optimization of EC heating (ECRH) and EC current drive (ECCD) and (ii) ECR transport -- in the entire range of radiation frequency, not only at low number harmonics where the ECRH and ECCD take place. 
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