Field linkage and magnetic helicity density
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Distribution of stellar helicity densities
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Helicity as a fundamental property

Magnetic helicity measures the amount of linkage and twist of field lines withina
given volume. Since it is exactly conserved in ideal MHD and highly conserved for high
magnetic Reynolds numbers in general (Woltjer 1958; Taylor 1974), helicity is an
important factor when attempting to understand how magnetic fields are generated

(B%n) (G?)

(B2q) (G?)

Fig. 1. Absolute helicity density for /< 4 averaged across a single hemisphere versus the mean squared toroidal (left) and poloidal (right) magnetic flux densities across the star. The
colour of the symbols correspond to stellar mass, and the diamonds represent stars with M« < 0.5 Mo. Symbols without an outline represent multiple measurements for the same stars,
and the symbols with black edges are average values. The orange circles show the range of solar values, for the Southern hemisphere, between ~2010 and 2018.

Why are low-mass stars poor helicity generators?

Helicity depends not simply on the magnetic field strength, but also the degree of
linkage of the poloidal and toroidal fields. Even very strong stellar magnetic fields can
have low helicity if there is little linkage of the poloidal and toroidal components.

We have developed a novel method to illustrate the degree of linkage of stellar
magnetic fields (Fig. 3). The colour shows the strength of the radial (poloidal) magnetic
field that passes through the stellar surface, while the black contours represent the
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b
Mapping helicity densities across stellar surfaces

We represent the observed surface magnetic fields in terms of their poloidal and
toroidal components. This avoids the need for a gauge (since the corresponding
potential field with the same boundary flux is purely poloidal and therefore has zero
helicity). Expansion of the magnetic field in terms of spherical harmonics gives the
helicity density at the stellar surface in terms of the coefficients cum and yim (the cim
terms are normalisation factors):
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helicity to energy density. It is defined as i = | (h )|/ (R« B2).

Fig. 2. The helicity energy fraction (L < 4), versus stellar mass. This describes the ratio of

Fig. 3. A visualisation of the linkage of the dipole (i = 1) poloidal and toroidal field
components of GJ 182, WX UMa (2008), GJ 49 and GJ 12458 (2006). The colour
shows the strength of the radial magnetic (poloidal) field, and the black contours
represent the toroidal magnetic field lines. The heavy black contour separates regions of
positive (solid) and negative (dashed) toroidal field.

Implications: Flares but fei ronal Mass Ejections?

Stars whose masses are low enough that they are likely to be fully-convective show a
range of field strengths and hence a range of energies to power flares. However, they
show correspondingly weak helicity densities.

The reason seems to be that their toroidal fields are typically asymmetric (relative to

_ UmYrm Rx i (m+m’) the rotation axis). As a result, they link through regions of both positive and negative
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If the build-up of helicity drives mass ejections, this may explain the observed lack of
powerful mass ejections from low mass stars that produce powerful flares.
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