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A physics-based model of the L-H transition power threshold is needed to confidently 

extrapolate auxiliary heating requirements for burning plasmas. The experimentally observed 
non-monotonic dependence of the power threshold on plasma density is not yet understood. The 
density <nmin> where the power threshold is minimal (typically <nmin> ~2-3x1019 m-3 for Btor ~ 
2T), has been observed to increase with toroidal magnetic field, potentially allowing ITER to 
operate near nmin due to its high toroidal magnetic field. In addition, an increased power threshold 
has been observed in hydrogen plasmas, which may restrict H-mode access in ITER if hydrogen 
plasmas are used during the physics phase. 

Here we present detailed measurements of edge profiles and turbulence characteristics in D, 
H, and He plasmas, and main ion flow measurement (in He plasma) just before the L-H 
transition in the low density and high density branches of the power threshold, with the goal to 
link differences in the microscopic turbulence-flow interaction to the resulting macroscopic 
density scaling of the power threshold. Transitions characterized by limit cycle oscillations (LCO 
[1]) very close to the L-H transition power threshold are investigated, as they allow improved 
time resolution for turbulence and CER measurements via phase locking to the LCO cycle 
frequency. 

The observed L-LCO-H-mode transition sequence is consistent with initial energy transfer 
via the perpendicular Reynolds stress [2,3] from the L-mode turbulence spectrum to the poloidal 
ion flow. A dipolar flow pattern has been identified, in qualitative agreement with the profile of 
the Reynolds stress radial gradient evaluated from BES data. The turbulence-driven poloidal 
flow is found to be decisive for the initial turbulence suppression across the entire density range 
explored. 

It is also shown that the initial L-mode seed E×B flow shear just before the L-mode-LCO 
transition decreases with line averaged density below the power threshold minimum nmin, and 
increases with line-averaged density above nmin. Accordingly, the turbulence-flow energy transfer 
rate is expected to increase with the threshold power in the low- and high density branches. 
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