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The Scrape-Off Layer (SOL) profiles are determined by the competition between cross-field
and parallel transport in magnetized plasmas [1]. While cross-field transport is typically tur-
bulent and tends to enlarge the SOL width (A,), parallel transport acts as a fast dissipation
mechanism along the field lines reducing the SOL profiles. From the present tokamak database,
A4 depends strongly on B, [2], where B), is the poloidal magnetic field at the outboard-midplane
separatrix, resulting in a very tight operating margin for ITER [3]. However, recent simulations
have shown that the SOL width in ITER might be larger than what would be expected in at-
tached regimes [4]. The most plausible explanation is that the E x B shear in this device will
not be strong enough to suppress and/or block the propagation of turbulent structures from the
edge into the SOL.

The radial electric field (E,) is a critical parameter for regulating cross-field transport, both in
tokamaks and in stellarators. In the latter, the edge radial electric field depends on the interplay
between neoclassical (NC) and turbulent mechanisms, where self-regulating phenomenons play
a major role. During the electron (E, > 0) to the ion root (E, < 0) transition, E, changes its sign
in a continuous way [5]. This remarkable property makes stellarators ideal devices to investigate
the connection between radial electric fields and edge-SOL coupling. In previous experiments,
partial edge-SOL turbulence decoupling was achieved with the biasing electrode technique [6].
The aim of this work is to study the impact of a slowly vary radial electric field on turbulence
propagation using the transfer entropy technique [10].

The current experiment was carried out in TJ-II (major radius Ry = 1.5 m and minor radius
a < 0.22 m) with magnetic field on axis By < 1.2 T, and in the standard magnetic configuration,
i.e. rotational transform n/m = 8/5 at p ~ 0.8 (where p is the normalized flux coordinate). Deu-
terium plasmas were externally heated by two Electron Cyclotron Resonance Heating (ECRH)
beamlines, delivering a total power of Pscryg =~ 150 kW. Two electrostatic probes toroidally dis-
placed were used: probe B (¢ = 195°) inserted from the bottom and probe D (¢ = 38°) from the
top.
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Doppler reflectometer [7], allowing to 1100 1150 1200 1250

measure the plasma cross-field velocity ime [ms]

ith ial and temporal resolu- .
with good spatial and temporal resolu Figure 1: Plasma parameters during the electron-ion-

tion. electron root transition in the TJ-II: a) line averaged den-

Fig. 1 shows: a) the central line- sity and heating power, b) edge radial electric field (E;)

averaged density, b) the radial electric j,eq5ure with Doppler reflectometry, and c) floating poten-
field at the plasma edge (p ~ 0.8) mea- rial profile measured with the probe B.
sured with Doppler reflectometry (by

assuming that the intrinsic phase velocity is negligible compared to the E x B velocity [7]),
and c) the time evolution of the floating potential radial profile measured with the probe B.
In the first phase (1100 < ¢ < 1160), the density increases from roughly 0.4 to 1.0- 10! m~3
and the edge radial electric field changes sign in the electron to the ion root transition [5, 8].
The edge floating potential goes from positive to negative, followed by a flip of its gradient
sign around the last closed flux surface (LCFS). During the ramp down (1160 < < 1250), E,
changes sign again and so does the ¢ profile near the edge. Concomitantly, the ion saturation
current decreases, while the electron temperature increases (both measured at p ~ 0.9, poster).
The plasma in this stage returns to the electron root regime, but with a slightly lower density
than before.

Zonal flows typically appear as global structure (exhibiting long-range correlation) during the

root transitions due to a decrease of the neoclassical viscosity [5].
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Figure 2: At top: coefficient (1) of the dominant global mode (re- lay) in order to take into account

lated to zonal flows) calculated from @¢ signals from probes B and  yrbulence propagation. One can

D by using the Singular Value Decomposition (SVD). At the cen- see that the high correlation width

ter: profile of the maximum correlation (reference: r —ro ~ —5 . . .
profile of (ref 0 is reduced in the ion root phase.

mm) in time. The black continuous and dotted lines represent, re- . .
This result can be better visual-

spectively, the correlation at 0.6 and 1/e. At the bottom: effective .
ized by computing the correla-

radial correlation length computed from a double exponential fit o

tion length. Fitting two exponen-
starting from the reference position.

tial function starting from the ref-
erence, the effective radial correlation length (L,) is the sum of the two exponential decay
lengths. L, (Fig. 2 c¢) varies from around 3.5 cm in the electron root to 2.0 cm in the ion root
phase, suggesting turbulence is affected locally.

To measure radial turbulence propagation we used the Transfer Entropy (TE) technique [10].

The technique allows studying the causal relationship between two signals by measuring the
amount of information exchanged between them in a defined direction and time delay. Given

two-time series x(¢) and y(z), the transfer entropy X to Y is:

(xn-i-l ]x,,,k, ynfk)
p(er-l ’xnfk)

Txy = Zp(anrl +Xn—ks Yn—k)10g) P M

Where p(...) is the probability density function and p(a|b) = p(a,b)/p(b) is the conditional
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PDF. The probability density function is built by ’course graining’, that is, by selecting a low
bin number *m’ that gives statistically significant results.

Fig. 3 shows TE from the in-
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up to the near SOL. In the ion

root phase, propagation almost Figure 3: Transfer entropy radial extension (reference: r —ry ~
completely ceases, becoming re- —10 mm) at three time slices: 1 - electron root, 2 - ion root, and 3
stricted to a short range near the - lower density electron root. At the top is shown the central line

reference. In the back transition density with the indicated time slices (dashed vertical lines).

(third frame, electron root) the
plume returns even stronger than before.

We have shown that radial electric fields are not only able to modify turbulence locally,
but also to affect its propagation. These results are particularly relevant for understanding the
mechanisms that determine the SOL width, and to provide some hints on non-local processes

and edge-SOL coupling.
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