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Summary

Magnetic fields in the solar atmosphere can become braided due to the turbulent motion of
the plasma on the Sun’s surface. Once a critical level of braiding has been reached instabilities
trigger a relaxation process that can be turbulent in nature and typically involves a cascade of
magnetic reconnection processes. The relaxation is constrained by invariants, which survive the
turbulent reconnection processes. Until recently is was believed that the total magnetic helicity
is the only invariant which has this property. We present results of numerical simulations on
the relaxation of braided magnetic fields in plasmas of high magnetic Reynolds number, which
show that certain properties of the helicity distribution are preserved as well. A generalised flux
function (or field line helicity) can be defined for magnetic braids, which helps to understand
qualitatively and quantitatively the relaxation process and can be used to predict possible relaxed
states.

Eugene Parker suggested already in the 1970s [1] that coronal loops should undergo a braiding
process due to the turbulent motion of their foot points rooted in the photosphere. He argued further
that no force-free equilibria can exist for these braided fields and hence singular current sheets have
to form, which then lead to magnetic reconnection. While there is still an ongoing debate whether
the end state of an ideal relaxation of a braided field contains singular or just thin current sheets [2],
many authors have shown that the process can indeed trigger magnetic reconnection. More recent
numerical simulations revealed that it requires surprisingly little non-trivial braiding to trigger
the onset of a turbulent cascade of reconnection processes [3], and that the higher the magnetic
Reynolds number the more more efficient is the relaxation [4]. These results have led us to the
question whether the end state of these turbulent relaxation processes can be predicted, similar to
the way in which the Taylor hypothesis [5] predicts that the final state of a turbulent relaxation in a
toroidal domain is a linear force-free field with the same total helicity and toroidal flux as the initial
state. We found that the end states after the turbulent relaxation are typically not linear force-free
states[4] (see also [6]), neither under line-tied nor under periodic boundary conditions. Although
the relaxation process does preserve the total helicity, the redistribution of helicity density seems to
also preserve the helicity spectrum, that is in particular the annihilation of helicity between regions
of positive and negative helicity density is suppressed [8]. We use a generalised flux function or
field line helicity [7], which can be defined for magnetic braids, to show that the final states can be
predicted in some cases using the assumption that the magnetic flux corresponding to the level sets
of the field line helicity are also preserved.
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