XXXIII International Conference on Plasma Physics and CF, February 13 – 17, 2006, Zvenigorod


Transport barriers in tokamak: physics, unresolved issues, directions of further studies
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Transport barrier formation has been observed in tokamak more than 20 years ago. Nevertheless, study of barrier physics is still relevant and attracts attention of both theoreticians and experimentalists until now. Of course, motivations of the attention are complexity and variety of the processes to be taken into account while considering barrier and surrounding plasma interaction, as well as essential confinement enhancement in presence of transport barriers. Observed confinement enhancement allowed considering regimes with transport barriers as main operation scenarios of experimental fusion reactor ITER.

Majority of the models describing formation of the Edge Transport Barrier (ETB or H-mode) are based on paradigm of anomalous transport suppression by sheared flow stabilization of turbulence (Er(B shear flow stabilization). Internal Transport Barrier (ITB) formation could be caused by E(B shear flow stabilization as well, but in addition there are many factors which can play role in ITB establishing: radial profiles of the safety factor q and of the magnetic shear ŝ, Shafranov shift of the magnetic surfaces ((-stabilization), ratio of the ion and electron temperatures Te/Ti and others. Variety of the factors makes difficult drawing up a self consistent picture of ITB formation, but do not prevent utilizing of the TBs for optimization of plasma confinement and heating. 

The following unresolved issues could appear as obstacles for implementation of the ETBs in reactor: necessity to sustain H-mode in high density plasma, large uncertainty in the L-H transition threshold power, strong load on divertor plates caused by substantial power expelled from plasma by peripheral MHD instability ELM. Difficulties of the ITBs’ implementation in ITER are connected with restrictions of resources for rotation and safety factor profiles control, equalizing of the electron and ion temperature due to dominant electron heating by fusion alphas, necessity to combine ITB with ELMy H-mode. Recent observations of compatibility of ITB with H-modes indicate possibility to overcome at least some of the listed above difficulties and thus point out prospects for TB utilizing in reactor. 

Of course, the most urgent task of the studies now is demonstration of Transport Barriers compatibility with reactor conditions and, in particular, verification of ITER hybrid scenarios robustness. At the same time, a plenty of new attractive phenomena which wait for understanding and treatment have been discovered recently. These are small ELMs regimes (grassy, type II, EDA, quiescent H-mode…), zonal flows – revealing nonlinear turbulence stabilization, turbulence spreading through barrier location, difficulty in electron ITB attainment, transport barriers in stellarators and their distinction from tokamak barriers and many more. 
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