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Summary

Helicity plays a dual role in astrophysical MHD: on the one hand, mean helicity in a turbulent
velocity field is known to be extremely conducive to dynamo action, the large-scale magnetic
field that is generated usually then exhibiting magnetic helicity of the opposite sign. On the
other hand, if we start with a helical magnetic field in a perfectly conducting fluid at rest,
assumed perfectly conducting, and allow the field to relax to a minimum energy state, then
the invariance of magnetic helicity (Woltjer 1958) acts as a powerful constraint, leading to the
formation of tangential discontinuities, i.e. current sheets, where dissipative plasma heating tends
to be concentrated. This happens both in the incompressible (volume-preserving) limit (Moffatt
1985), and in the very low-density limit when magnetic pressure dominates over fluid pressure.
It is these properties of helicity that makes it of such fundamental interest, as recognised by the
theme of this IUTAM Symposium.

This lecture will be devoted to a generalisation of a simple one-dimensional Cartesian model
of magnetic relaxation in a pressureless low-resistivity plasma, as introduced by Bajer & Moffatt
(2013) and subsequently developed in a manner that incorporates evolution of helicity density
(Moffatt 2015). In this situation, a velocity field is driven solely by the gradient of magnetic
pressure, and is dissipated by viscosity. Relaxation occurs in two phases: a rapid initial phase
in which the magnetic energy drops sharply and the magnetic pressure becomes approximately
uniform; the helicity density is redistributed during this phase but remains non-uniform. The
total helicity remains constant , but a Taylor state of uniform helicity (Taylor 1974,1986) is not
established. The second phase is one of slow diffusion, in which the velocity is weak, though
still driven by persistent weak non-uniformity of magnetic pressure; during this phase, magnetic
energy and helicity decay slowly at the same rate through the combined effects of persistent
pressure equalisation and finite resistivity. The density field, initially uniform, develops rapidly
during the initial phase, and continues to evolve, developing sharp maxima, throughout the
diffusive stage. In this lecture, this model will be extended to a cylindrical geometry with both
axial and toroidal magnetic field components, for which a radial velocity field is driven by a
combination of hoop stress and magnetic pressure. Results concerning the evolution of helicity
and density fields in this still idealised situation will be presented.
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