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Magnetically Confined Nuclear Fusion has become the
most promising candidate to control and efficiently obtain
fusion energy. Particles are in a plasma state and, the mag-
netic fields confine and compress the plasma in a toroidal
geometry to reach extreme temperatures in the core which
generate the nuclear reactions. A better understanding of
the radial transport is fundamental to control the confine-
ment and losses in the plasma.

Experiments in Nuclear Fusion devices show, for exam-
ple, system size scaling or superdiffusive propagation which
could not be explained by the classical diffusion equations.
It has been calledanomalous transport. Those effects re-
duce the confinement and increase the losses in the plasma.
However, at certain conditions, the plasma rotates at differ-
ent speeds creating a shear in the radial direction. That shear
flow creates a transport barrier which reduces the anomalous
effects.

A Self-Organized Critical (SOC) system could describe
qualitatively some of the anomalous effects [1]. And a sim-
ply introduction of a transport barrier could reduce those ef-
fects. A schematic of a 2D sandpile (the generalization of a
SOC system) with shear flow is shown in Fig. 1.

Figure 1: Schematic of
a SOC system with shear
flow.
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Figure 2: Normalized gradient
and flux in a fixed position.

The transport in a sandpile is driven by avalanches (gener-
ated by critical gradients) inside the system. The avalanches
are scale free and are only limited by the system size. Fur-
thermore, a high Hurst exponent indicates superdiffusive be-
havior in SOC systems [2] as has been measured experimen-
tally [3].

The discrete sandpile model can be extrapolated to a con-
tinuous system. The model is described by a one dimen-
sional diffusion equation which diffusivity is controlledby a
critical-gradient equation [4]. The model has the properties
of a SOC system as a high Hurst exponent value [5]. Non-
local effects in the transport are driven by the avalanches.
The gradient-flux relation exhibits a parabola-like curve (see
Fig. 2) which has been observed in fusion devices [6].

On the other hand, turbulence induced transport can
be modeled by Magnetohydrodynamics (MHD) which has

been shown it has SOC properties [7]. In our resistive MHD
model, the instabilities in the plasma are driven by pressure
gradients. A heat perturbation is introduced in a inner re-
gion in the plasma. The left panel on Fig. 3 shows the shear
flow generated in the plasma before the perturbation. The
right panel illustrates the temporal evolution of the heat per-
turbation inside the plasma. The horizontal dashed lines in-
dicates the location of the local maxima and minima of the
shear flow. The heat perturbation propagates radially but it
is slowed down by the shear flow in the system. This be-
haviour cannot be explained by a pure diffusive model.
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Figure 3: The left panel shows the shear flow at the initial
time. Right panel illustrates the time evolution of the heat
perturbation.

Similar radial propagation and slowdown has been re-
cently observed using the Transfer Entropy method. The
technique has been applied in fusion plasmas to measure the
causal relation between signals.[8]
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