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Two key open questions on the L-H transition 

 
VAre there different paths to reach the 

L-H transition? 
 

VWhat is the role of the isotope mass? 
 

 

TOKAMAKS 
 

versus 
 

STELLARATORS / 
HELIOTRONS 
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Trigger of the L-H transition 

Key role of radial electric fields to trigger the L-H transition 
UNIVERSAL MECHANISM  
(tokamaks / stellarators) 

BUT,  
ARE THERE DIFFERENT ROUTES TO REACH THE L-H TRANSITION?  

IF YES,   
DO THEY HAVE ANY IMPACT ON THE PLASMA CONDITIONS TO REACH 

THE H MODE? 
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Trigger of the L-H transition 

ARE THERE DIFFERENT ROUTES TO REACH THE L-H TRANSITION?  

large edge pressure gradient during the 
preceding L mode  

(e.g. tokamak such as AUG) 

Weak diamagnetic contribution to Er and 
strong ZFs during the preceding L mode  

(e.g. TJ-II or W7-AS) 

L-MODE L-H transition H-MODE 
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Radial electric fields and pressure gradients at the 
L-H transition in stellarators (W7-AS / TJ-II) 

V While the ion pressure gradient plays an 
important role in the fully developed H-
mode in tokamaks,  

V In W7-AS the ratio of the electric field to 
the diamagnetic contribution can be 
larger than one in the H-mode 

F. Wagner et al., PPCF 48 (2006) A217 

W7-AS 
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In TJ-II the diamagnetic term is close to the radial 
electric field obtained experimentally during the L-
mode but it changes only very slightly after the 
transition. This result indicates that a v × B 
contribution appears in the H-mode and resembles 
that found in W7-AS. 
 
T. Estrada  et al., PPCF 51 (2009) 124015  



Role of mean Er versus role of Zonal Flows at 

the L-H transition ? 

V Turbulence reduction precedes the increase in the 
mean Er sheared flow, but is simultaneous with the 
increase in the low frequency oscillating sheared 
flow.  

 
V Evidence of LRC (as proxy of Zonal Flows) in the 

proximity of the L-H transition  
        Estrada  et al., PPCF 51 (2009) 124015 
        C. Hidalgo et al., EPL, 87 (2009) 55002  

  

 

e-i 

transition 

L-H  

transition 
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ZFs and L-H transition in the stellarator TJ-II 

[w/ όŦ ғ нл ƪIȊύ ǊƘƻ Ғ лΦур 

TJ-II 

LRC 
(proxy ZFs) 

experimental 
set 

U. Losada et al., 2016 

V Large amplitude of LRCs (proxy of ZFs) dominated 
by frequencies below 20 kHz have been observed 
during the preceding L mode as well as in the H-
mode. 

Probe D 

Probe B 
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Probe D 

Probe B 

D-plasmas: #42131  #42132  #42133  #42134  #42135  #42136 

[w/ όŦ ғ нл ƪIȊύ ǊƘƻ Ғ лΦур 

Large amplitude of LRCs (proxy of ZFs) 
increases in the proximity of the L-H 
transition and once in the H-mode 
decreases 

L mode 
Deuterium 

H mode 
Deuterium 
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ZFs and L-H transition in the stellarator TJ-II 

High cross-coherence for low frequencies (1-
20kHz) between potential signals and cross-
phase close to zero are reliable indicators of ZF 
oscillations 
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ZFs and L-H transition in the stellarator TJ-II 

Bicoherence is a way of show the interaction between ZF (low frequencies) and 
turbulence interaction during L-H transition.  

B. Ph. Van Milligen, Nucl. Fusion 53 (2013) 113034 (5pp) 
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Decoupling between density and potential 

fluctuations at the L-H transition  

TJ-II L 

 

 Fingerprint of ZFs 
 

LRC 

H 

Potential fluctuations 

Density fluctuations 
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