Topological characterization of flow structures in plasma turbulence
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Visualization of turbulent flows is a powerful tool to help understand the turbulence dynamics
and induced transport. However, in the case of turbulent plasmas in toroidal geometry, flow
structures may be quite complicated and a quantitative characterization of flow structures is
needed. By using computational homology tools [1], we have developed an approach that allows
discriminating between topological properties of plasma turbulence flows that are relevant to the
transport dynamics and the ones that are not [2].

One way to study the connection between topological properties of the flow and transport
properties is by using the continuous time random walk (CTRW) approach. The CTRW ap-
proach allows us to construct transport models based on statistical properties of the micro-
scopic motion of the particles. Basically one assumes that the particle trajectories are composed
by waiting times at a given position and particle flights between two different consecutive posi-
tions.

In Ref. [2] we showed that the number of large-scale cycles and the number of large-scale
connected components of the flow structure are useful in providing a connection between prop-
erties of the turbulence and properties of the induced transport in the resistive pressure-gradient-
driven model. The distribution of the large-scale components gives the distribution of flights at
a fixed time. The averaged trapping time correlates with the characteristic life time of the large
scale cycles.

The connection between the trapping times distribution and the time evolution of the large-
scale cycles will be discussed. Also, we will present results of the application of these methods

to other plasma turbulence models.
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