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 In balanced torque and low torque ITER-similar-shape (ISS) plasmas in DIII-D 
(<ne>=1.5-5x1019m-3, Bt=1.9-2T, Ip=1-1.5MA MA, q95~3.8-5), a fast reduction or reversal of 
intrinsic edge toroidal co-rotation can precede the L-H 
transition [Fig. 1(b)], reducing the L-H power threshold 
PLH. This rotation reduction (within several ms in a ~3 
cm wide layer, ρ ~0.94-0.98) is consistent with the 
measured evolution of the local E×B flow (via Doppler 
Backscattering) to a more negative value, increasing local 
E×B shear in the outer shear layer just inside the LCFS, 
and is immediately followed by the L-H transition. 
Reversal/reduction of intrinsic edge co-rotation appears 
to be triggered by transient increases in edge power flow 
(via sawteeth crashes or radial transport avalanches). In 
unfavorable magnetic configuration (grad-B drift directed 
away from the active X-point) PLH is typically increased 
by a factor ≥ 2 due to differences in the toroidal rotation 
boundary condition (higher edge co-rotation) and reduced 
L-mode edge E×B flow. However, toroidal rotation 
transitions/ reversals can ease H-mode access in this case, 
reducing PLH to values similar to those observed with 
favorable grad-B drift direction [Fig. 1(a)].   

Minimizing PLH is particularly important in view of 
planned ITER PFPO-1 operation in hydrogen. In ISS 
hydrogen and deuterium plasmas (with favorable grad-B 
drift direction), a slight increase in lower triangularity 
(from δL= 0.72 to δL=0.8 in ISS shape) results in a clear 
reduction in PLH, for plasmas with net co-NBI torque and 
for balanced torque [Fig.1(c)]. The normalized power 
threshold PLH/PLH-08 also decreases substantially with in-
creasing E×B shear flow in the outer shear layer just 
before the L-H transition (where PLH-08=0.098 <ne>0.72 

Bt
0.8S0.94/M is the modified 2008 ITPA scaling [1] with 

the mass number M included to account for the isotope 
threshold effect [2]). At higher triangularity and near-
balanced torque (T ≤ 0.3 Nm), E×B shear is maximized, 
and PLH ≤ PLH-08 in both H and D plasmas, suggesting that 
a slightly increased lower triangularity may improve H-
mode access in ITER PFPO-1 hydrogen plasmas.  
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Fig. 1: (a) Pth for unfav. grad-B; 
for unfav. grad-B with L-mode 
rotation transitions, and for fav. 
grad-B, vs. applied NBI torque T; 
(b) toroidal rotation profile for 
different times with respect to the 
L-H transition time tLH for fav. 
and unfav. grad-B configuration; 
(c) PLH/PLH-08 vs. E×B shear in 
the outer shear layer (ωExB 
=ΔvExB/dr) for high and low 
triangularity H and D plasmas. 
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