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An increase of the L-H transition power threshold towards low density has been observed in many experiments [1,2,3,4]. Various mechanisms were suggested to explain this behaviour [2,3,4], but the actual physics reason has not been identified yet. This topic is being addressed in ASDEX Upgrade. 

The L-H transition at average densities in the range of 1.88-3.5(1019 m-3 was studied in ASDEX Upgrade in discharges with various heating schemes. In the experiments the net heating power (Pnet=Pinput-Pshine-Porbit-dW/dt, here Pinput – total input power, Pshine – shine-through losses of ion beam power, Porbit – ion orbit losses. Prad is neglected in this consideration) was varied from 0.36 to 2.6 MW. Plasma current Ip and toroidal field Bt were in the ranges of 0.54-1.07 MA and 1.3-2.7 T, respectively. All shots were performed in a single null divertor configuration with elongation k ( 1.6 and triangularity ( varied from -0.072 to 0.306. 

At densities higher than 3.25(1019 m-3 the L-H transition threshold power is in agreement with the scaling describing ASDEX Upgrade data [5]: Pthr=1.98 n0.79 Bt0.56, here Pthr, n and Bt are expressed in MW, 1020 m-3 and T, correspondingly. At densities below 2.1(1019 m-3, no transition was observed for the available power Pnet up to 2.06(MW. In the density range 2.1-3.25(1019 m-3 a very large scatter in the threshold power has been found. The scatter suggests that other parameters than density and toroidal field influence the threshold power Pthr or that the dependencies of Pthr on n and Bt differ from the above scaling. The effects of (, Ip, Bt and heating method on the threshold power in this density range were analyzed. 

The analysis has shown that triangularity and plasma current do not play a critical role in the scattering in the threshold data at densities 2.1-3.25(1019 m-3. A dependence of Pthr on toroidal field somewhat stronger than Bt0.56 has been deduced in this density range. 

It was found that the behavior of Pthr at low density might depend on the heating method. Threshold power dramatically increases at low density when dominant electron heating (ECRH) is used. However, in the case of dominant ion heating (NBI) the necessary L-H transition power seems to be below the scaling ≈ 1.98 n0.79 Bt0.56. However the threshold power in these latter cases has large uncertainties. The edge electron temperature (at (pol=0.95) taken at the time of the L-H transition is systematically lower than in the shots without transition. These observations suggest the possible different role of the electron and ion channels in the L-H transition mechanism at low densities. The strong increase of Pthr at n below 2.6·1019 m-3 in the shots with electron dominant heating can be understood under the assumption of e-i decoupling which reduces the heat flux in the ion channel. Edge Ti measurements, which might help to clarify role of e-i decoupling, are planned for the 2004 experimental campaign. 

The time behaviour of the L-H transitions at low densities exhibit particular features. Transitions at densities below 3.0·1019 m-3 are slower than at “normal” densities in both the electron and ion dominant heating schemes. Two-step transitions occurred sometimes. In a first step the electron edge temperature increases, while density and D-alpha in divertor vary little. In second step the D-alpha drops and the edge density increases.
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