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Turbulence radial spreading controlled by edge 
radial electric fields has been experimentally identified 
during the electron-ion root transition and edge biasing  
[Grenfell NF-2019 / NF-2020]. 
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flip that characterizes the root transitions. The transfer entropy 
calculation shows that T2−4 largely dominates T4−2 in the elec-
tron root phases (1100 ! t ! 1145 and 1200 ! t ! 1250), 
implying a predominance of the effective outward propagation 
over the inward one. The propagation velocity, deduced from 
the time delay, is  ∼1 km s−1. In the ion root phase (Er  <  0, 
1160  <  t  <  1190), the propagation ceases almost completely 
in both directions, implying that the Er profile in this phase 
essentially blocks the radial propagation of turbulence. The 
transfer entropy requires steady-state over the evaluated time 
intervals, so the transitions are not amenable to analysis, and 
the observable vertical stripes are likely an artefact. Therefore, 
we limit our conclusions to the stationary phases before, 
between, and after the two transition points.

Radial propagation can also be studied by taking the inner-
most pin of probe B (r − r0 ≈ −10 mm) as a reference and 
calculating the TE with all other pins. Figure 5 shows the TE 
versus time delay and radial position for three time frames, 
indicated by vertical dashed lines in the top figure. In frame 1, 
corresponding to the electron root phase (Er  >  0), one observes 
a propagation plume starting from the reference position in 
the edge plasma and extending outward, up to approximately 
the plasma boundary (r − r0 ≈ 0). The slope of this plume 
is a measure of the velocity at each position, while the color 
scheme, in which black is the lowest and red is the highest, 
represents the amplitude of transfer entropy on a logarithmic 
scale. The velocity is seen not to be constant but to slow down 
as the LCFS is approached. In frame 2, in the ion root phase 

(Er  <  0), the plume is virtually absent. A small propagation 
plume is visible near the innermost reference pin, but most of 
radial propagation seems to have stopped. In frame 3, electron 
root again (Er  >  0), the initial situation seems to have recov-
ered, although one could argue that the propagation plume is 
slightly more intense than before and penetrates deeper into 
the SOL. The horizontal spreading of T  at r − r0 ≈ 0 implies 
the existence of a minor transport barrier in this region, slow-
ing down propagation and reducing the amplitude.

4. Conclusions

In this letter, we studied the effect of radial electric fields 
(Er) on turbulence in the plasma edge of TJ-II stellarator. The 
experiment involved a plasma characterized by a spontane-
ous electron–ion root transition (from Er  <  0 to Er  >  0) and 
a corresponding back transition. The variation of the edge 
Er is consistent with expectations from neoclassical theory. 
Using the Singular Value Decomposition technique on float-
ing potential measurements from remote probes, we were able 
to identify the Zonal Flow amplitude unambiguously. The ZF 
amplitude was found to peak sharply at the transition times.

In the ion root phase (Er  <  0), the radial turbulence cor-
relation length was reduced strongly, implying that the edge 
Er affects the radial turbulence scale length significantly. The 
radial propagation of turbulence was studied by means of the 
Transfer Entropy. We found that the effective radial propaga-
tion was very nearly blocked in the edge region in the ion root 

Figure 5. Top: central line averaged density. Times corresponding to the frames below are indicated by vertical dashed lines. Transfer 
entropy versus time delay and radial position (using reference: r − r0 ≈ −10 mm) at the three indicated times: 1—electron root, 2—ion 
root, and 3—electron root with lower density.

Nucl. Fusion 00 (2019) 000000

EDGE	
  

SOL  
electron – root 
Positive Er  

ion – root 
Negative Er  

electron – root 
Positive Er  

Predicted poloidal asymmetries in 
radial electr ic f ield (Er) are 
comparable to those found in the 
experiments [Doppler reflectometry]  
[Estrada et al.,  NF-2019; Sanchez et al., 
NF-2019] 
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FIG. 5: [left column] Reconstructed waveforms of the low
frequency global oscillation in radial electric field (a) plotted
as a function of the frequency and (b) plotted on top of the
mean profile in the ECH discharges. [right column] (c) and
(d) Those in the NBI discharges. Frequency ranges used for
(b) and (d) are 3.5-6.5 kHz and 0.5-3.5 kHz, respectively.

smoothing is performed for A and Θ to remove shot-to-
shot scatter of the points. Figures 5 (a) and (c) show the
reconstructed waveforms as a function of the frequency
and the radius for the instance of fτ = 0. In the NBI
case, a clear dipole structure of the oscillatory Er can be
seen. The amplitude is large only when the frequency is
low. In the ECH case, the radial structure of the oscilla-
tory Er seems to be wider. In ρ < 0.82, data is not avail-
able, but from a decreasing trend in the Vf amplitude
[Fig. 4 (a)], the counterpart of the dipole Er structure
is expected to exist, composing the dipole structure as
well. In contrast to the NBI case, the frequency depen-
dence of the Er amplitude is weak. From the series of
the analyses, it is confirmed that a preferential oscilla-
tory state exists depending on plasma conditions. Phase
inversion point of the dipole structure at the lowest fre-
quency range seems to approximately agree to the inner
shear region in both cases. An interpretation, the low-
est frequency structure is smoothly connected to the zero
frequency structure, i.e., the mean Er profile, is possible.

The bottom plots are snapshots of the Er profiles at
fτ = 0 and π. By the low frequency global Er oscillation,
the well depth of the Er profile is modulated in both
cases. Therefore, the Er shear and the Er curvature are
modulated by the oscillation, which can impact on the
transport regulation as discussed in [8, 9].

In this Letter, we investigated the spatial structure
of a low frequency global potential oscillation in TJ-II
plasmas. In two plasmas produced by different heating
schemes and characterized by different mean Er struc-
tures, frequency-space-decomposed spectra of the global
potential oscillation was analyzed. In both cases, the
oscillatory field has a monopole potential structure and
a dipole radial electric field structure in the edge re-
gion. The width of the oscillating Er structure depends
on its frequency as well as the heating scheme. As the
frequency decreases, the oscillating structure asymptoti-
cally approaches to the mean profile.
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Edge Zonal Flows are strongly affected by 
plasma heating, ion mass and proximity to 
the density limit   
[Kobayashi et al., et al., NF-2019; Losada et al., 
PPCF-2021; Fernández-Ruiz et al., NF-2021] 


