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Recent experiments in the the low aspect ratio National Spherical Torus Experiment (NSTX) have been 
run in support of the high priority ITER and ITPA issue of access to the H-mode. Specifically, a series of 
L-H threshold experiments have addressed the effect of plasma ion species, applied 3D fields, wall 
conditioning, plasma current and plasma shape/X-point position on the L-H power threshold and local 
parameters leading up to the transition. Experiments on the species effect revealed that the L-H 
threshold power for deuterium and helium were comparable, but that the conclusion depended on how 
the threshold power was defined. There was a ~35% reduction in the threshold power normalized by 
line-averaged density for discharges using lithium evaporation to coat the plasma facing components 
than for those that did not. Application of largely nonresonant n=3 fields at the plasma edge, potentially 
critical for suppression of ELMs in ITER, resulted in about a 65% increase in density-normalized 
threshold power. The plasma current in NSTX also has a controlling factor in the L-H transition, with 
normalized threshold powers almost a factor of two greater at 1 MA than at 0.7 kA. Experiments based 
on XGC0 predictions indicated that low triangularity discharges required the lowest auxiliary heating 
power to transition into the H-mode, although these results also depend on the definition of PLH. To 
within the constraints of temporal and spatial resolutions, no systematic difference in Te, ne, pe, Ti, vφ or 
their derivatives was found in any of these experiments. Finally, it was found that RF-heated discharges 
could attain values of H98y,2~1 in ELM-free conditions for powers just above the power threshold. NBI 
heated, ELM-free H-modes could also achieve H98y,2~1, but only after ~50 ms after the L-H transition.!

The High Priority ITER/ITPA Issue of Access to H-mode Has 
Been Studied Extensively in NSTX!

• Dependences of the L-H threshold power!
– Species dependence (deuterium vs helium), hysteresis!
– Application of 3D fields!
– Plasma wall conditioning (lithiumization)!
– X-point radius (triangularity)!
– Plasma current!

• Role of local parameters and their gradients!
– Te, ne, pe, Ti, vφ  !

• Confinement quality after transition!
– NBI and RF heating!

L-H/H-L Power Thresholds in Pure Helium and Deuterium  
Plasmas Have Been Explored in NSTX!

•  High Harmonic Fast Waves (HHFW) at kθ=0.8 m-1 were used to heat pure helium and  !
  deuterium plasmas!
•  Continuous ramping of HHFW power allowed for “fine” determination of PLH and PHL!
•  “Perturbation technique” used to determine HHFW heating efficiency!

–  Efficiencies slightly different for deuterium (0.28) and helium (0.33)!
–  Average for both is <0.30>±0.11 !

Forward or back transitions not always !
Obvious in Dα signal even for D-plasmas. !

   - No Dα indication in He-plasmas!

Use change in edge profiles as an !
Indication of both L-H and H-L transition!

PLH /ne (helium) ~ 1.2-1.4 PLH /ne (deuterium)!
•  Standard definition of PLH (Paux + Poh – dW/dt)!
•  Density variation for L-H times is ~20% !
•  Normalize PLH by ne (line-averaged density)!

–  Density dependence for L-H threshold power seen in data!
–  Not inconsistent with ne

0.75 dependence!

No L-H, H-L hysteresis observed!

Omitting dW/dt From PLH Yields Different Result!
•  dW/dt can be significant fraction of Paux + Poh (20%)!
•  See less difference in PLH between helium and deuterium (5-10%)!
•  L-H, H-L hysteresis now observed!!

•  Omitting dW/dt is more closely related to the operational and/or steady-state conditions in ITER!
•  Even up to a 40% higher L-H threshold in helium may be acceptable for ITER!

Application of 3D Fields Results in Significantly Higher PLH !

• Motivated by JET ripple results, and 
initial MAST results which showed 
delayed transition with increasing 
applied field amplitude!

• Apply n=3 braking to test effect on 
threshold power!
•  Braking applied prior to L-H 

transition!
• Found PLH/ne significantly higher 

with higher applied n=3!

PLH increases from ~1.4 to 2.6 MW with 
higher n=3 current (~65% increase for 
PLH/ne)!

Little Difference in Rotation in L/L-H with Applied 3D Fields!
•  Any difference in rotation does not appear to be key to  !
  difference in L-H transition!

–   !Consistent with earlier RF vs NBI threshold expts.!

Lithium Evaporation Led to a Significant Reduction  
in L-H Power Threshold!

PLH  ~ 2.7 MW NBI without Li evaporation (Pheat/ne~0.9 MW/1019 m3) 
      ~ 1.4 MW NBI with Li evaporation (0.6 MW/1019 m3) 

PLH ∝ ne from HHFW expts!
!

Normalize PLH by ne due to 
density differences between 
plasmas with and without Li 
evaporation!

!
Effect of neutral density 
differences?!

XGC0 Code Calculations Showed Strongest Ion Loss (and Er/
Er’) Near X-point at Large Rx – Motivated δ -scan!

Low δ	



High δ	



Experimental outer 
flux surfaces for δ - 
scan!

Experiments confirm lower PLH at lower δ	



Change in PLH due to lithium dominates other dependences!

L-H Threshold Power Depends Strongly on  
Plasma Current in NSTX!

•  Evidence for this !
  dependence found several!
  years ago (Bush et al.,  !
  PoP (2003); wanted to !
  confirm!
•  Not seen at higher R/a!
•  Need to separate effect of  !
  possibly differing ne!

–  Use NBI heating to 
assess Ip  dependence!

–  HHFW expts showed 
PLH~ne!

–  Look at both PLH and 
PLH/ne  !

–  PLH/ne almost a factor 
of 2 higher for 1 than 
for 0.7 MA!

Ip=0.7 MA: PLH ~ 1.6 MW, PLH/ne,19 ~ 0.7 MW/m3!
!

Ip=1.0 MA: PLH ~ 3.1 MW, PLH/ne,19 ~ 1.2 MW/m3!

Edge Er determined from XGC0 !
neoclassical transport code !

Er  well depth greater at lower current than !
at higher current!

Er  Shear “Threshold” for Access to H-mode!

•  Enhanced Er  well depth, shear at lower Ip due to enhanced low energy ion loss at 
the plasma edge!

Why is Ip  Dependence Seen in NSTX but  
Not at Higher Aspect Ratio?!

•  Edge losses of thermal ions are increased at low aspect ratio!
•  Higher trapped particle fraction!
•  Lower BT (larger gyroradius)!

Role of Local Parameters and Their Gradients in  
Inducing the L-H Transition!

•  No change in local parameters or their gradients on long time scales leading to L-H 
transition!

•  Conclusion constrained by time resolution of measurements!
–  Te , ne profiles have 16 ms temporal resolution!
–  Ti  , vf profiles have 10 ms temporal resolution!

H98y,2~1 Accessible with P ~ PLH!
•  ELM-free H-mode with H98y,2 ≥ 1!
•  Steady confinement established after ~50 ms!

The Route to H98y,2~1 is NOT Crystal Clear !

•  Higher H in NBI discharges for greater δt (ttoi-tLH)!
–  Density increases with time!

•  All discharges have P>~PLH!
–  PLH is actual transition power, not the PLH scaling value!

MLR Sheds a Little Light on What Controls Achievement of 
H98y,2~1, but Be Careful!!

•  Strong dependence on plasma shape, κ (stronger than 98y,2)!
•  Apparent strong dependence on BT (stronger than NSTX scaling)!
•  Some dependence on ttoi-tLH!

τE δt κ	

 ne Ip BT R2 

0.12 2.35 0.64 -0.83 2.54 0.83 

0.12 2.52 0.40 2.40 0.75 

0.23 3.10 -0.44 1.77 0.73 

0.21 3.03 1.87 0.70 

0.21 4.34 0.62 

P < 1.05PLH!
•  Data do not support a 

strong BT dependence!!

Summary!

•  L-H threshold physics studies have been performed in NSTX!
•  Function of species, applied fields, shape, conditioning, Ip !
•  L-H transitions appear to be tied to very localized Er shear at edge!

•  No apparent change in local parameters on long time scales leading up to 
L-H transition!

•  Need higher time resolution data to assess short time scale changes!
•  H98y,2 ~1 can be achieved at P~PLH, but recipe is not clear!

•  Shape appears to be critical parameter!

Rotation/Er Inferred From CIII Emission Near Separatrix 
Shows Little Difference Between 3D and non-3D cases !

3D effects appear to influence L-H threshold even in the 
absence of significant differences in rotation, Er !
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