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Summary

Modern observations are revealing the Sun’s large-scale magnetic field to have a complex,
non-potential structure. Moreover, it is now widely believed that the loss of equilibrium of twisted
magnetic flux ropes is responsible for many (if not all) coronal mass ejections. But predicting
where these flux ropes will form, and in particular whether or when they might erupt, remains a
challenge for model reconstructions of the coronal magnetic field. In this talk, I will introduce the
“field line helicity” as an appropriate and practical diagnostic for identifying twisted structures
in coronal models. Since field lines are magnetic sub-domains, this is a more meaningful measure
than the density of magnetic helicity at individual points. On the other hand, it provides local
information that the globally-integrated magnetic helicity cannot. I will illustrate the power of
this diagnostic on my own numerical non-potential evolution model of the global corona.

1 Introduction

Numerous approaches have been used to characterize the twist in individual active regions in the
corona, based on knowing only the lower boundary condition on the Sun’s surface. For example,
various techniques to extrapolate force-free magnetic fields (i.e., B such that ∇ × B = αB) allow
estimates of their free magnetic energy and (relative) magnetic helicity [1]. For linear force-free
fields (where α is a constant), one can quantify overall twist by the best-fit α value. For nonlinear
force-free fields (where α varies between magnetic field lines), one can study the distribution of
this local field-line twist [2]. Indeed, Yeates et al. [3] have also studied this distribution in global
simulations of the solar corona (of the type illustrated here).

An alternative approach that avoids the need for magnetic extrapolation is to measure the flux
of magnetic helicity into the corona through the Sun’s surface, using available observations on that
surface. However, the helicity flux density at any particular location is not well-defined [4], as
helicity is a global invariant. This makes it difficult to subsequently infer the resulting distribution
of twist within the corona without an accompanying magnetic field extrapolation.

The fact that total magnetic helicity is only a global invariant also prevents its use to analyse
the detailed twist distribution in global simulations. To get around this, Berger & Ruzmaikin [5]
divided the corona into two subdomains – the Northern and Southern hemispheres – and estimated
the amount of helicity imparted into the solar wind by the Sun’s differential rotation within each
hemisphere. Here, we effectively divide the corona into many more subdomains, in order to study
the detailed helicity distribution.

2 Field line helicity

To construct a meaningful measure of the helicity distribution, we subdivide the coronal volume not
into arbitrary subdomains but into “magnetic” subdomains (whose boundaries within the corona
are magnetic surfaces). In the limit, each magnetic field line f represents an individual subdomain
[6]. The field line helicity A =

∫
f A ·dl is then defined for each field line. It is a global measure that

depends not only on the twisting of this particular field line but also on how this field line winds
around all others in the domain. This reflects the global nature of A as an integral of ∇×A = B.
In the more restrictive case of a cylindrical domain, A has be shown to be a complete invariant,



capable of uniquely identifying whether two magnetic fields can be linked by an ideal evolution or
not [7]. Here it remains a meaningful subdivision of the total helicity.

Two complications arise with the definition of A. Firstly it fails for ergodic field lines, since they
have infinite length. Fortunately, such field lines do not typically occur in coronal extrapolations.
However, the second complication does occur: open field lines that leave the domain. In fact,
(almost) all field lines do so. Just like total magnetic helicity, this renders A gauge dependent.
To fix a meaningful definition, one could impose a gauge condition on the boundary akin to the
relative helicity. Instead, here we use the so-called DeVore gauge [8], which is suited to identifying
the helicity stored within different coronal arcade structures (Fig. 1).

Fig. 1: Distribution of field line helicity A (colour shading) at one time during a global magneto-frictional
simulation of the solar corona [9]. The left panel shows A on the solar surface and the right panel shows A
in a meridional slice (longitude indicated by the dashed line). Grayscale shading in the right panel shows Br

on the solar surface, while the solid line in the left panel shows the polarity inversion line Br = 0. The right
panel reveals one particular arcade containing significant twist, whose footpoints are visible in the left panel.
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