Revealing the Lagrangian Skeleton of Solar Atmospheric Dynamics
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Plasma flow mapping is crucial for better understanding
essential aspects of the magnetohydrodynamics in the atmosphere of the Sun. The complex nature of plasma flows
makes particle trajectory analysis sensitive to parameters,
such as initial conditions and the number of particles. To
address these problems, the Lagrangian Coherent Structure (LCS) framework, as being the most influencing material surfaces in a flow [1], is the most accurate and insightful tool to quantify and even forecast key aspects of
the dynamics.

Figure 1: Attracting (blue) and repelling (orange) LCS for electromag-

Various methods allow the identification of the differ- netic energy transport in the quiet Sun.
ent kinds of LCS, which may be attracting/repelling regions, Lagrangian vortices or regions with minimum shear. The distinct material surfaces separate regions of the flow undergoing different dynamics allowing a proper description of flow
features and their impact on plasma turbulence. Although the detection of distinct types of LCSs
in non-magnetic fluids is rather well developed (see, e.g. [1]), the number of studies on detecting LCS in plasmas is still limited. Recently, [2] indicated the detection of LCSs as the most
promising approach to understand the plasma dynamics.
In this talk, we review the existing studies on the solar atmospheric LCS and present the developed methodologies aimed to describe essential solar features as kinetic and magnetic vortices
[3, 4]. We also introduce tools we have designed to identify the sources and deposition location
for electromagnetic energy. Figure 1 shows, for a simulated quiet Sun, the sources/deposition
(in orange/blue) of energy at chromospheric heights. Finally, our talk addresses the use of LCS
to forecast events such as active regions and flares.
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