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Summary

We discuss important role of magnetic helicity conservation as nonlinear constrain of dy-
namo in celestial bodies and possible role of higher helicity invariants as nonlinear constrains for
dynamo.

1 Magnetic helicity transport, dynamo suppression and observa-
tions

Magnetic helicity becomes famous in the MHD community after the fundamental paper [1]. Now
magnetic helicity conservation is considered as a more important nonlinear limiter for dynamo action
in comparison with the energy conservation (see for review [2]). This concept was developed in the
course of discussion of catastrophic α-quenching that indeed constrains large-scale magnetic field
growth in some dynamo models, e.g. authors of [3] stress that magnetic helicity being a pseudoscalar
quantity is a more natural limiter for pseudoscalar α-effect rather than magnetic energy which is a
scalar quantity. Large-scale dynamo action in a body amplifies knotted large-scale magnetic field.
Because of the helicity conservation this knottedness has to be compensated by knottedness of
small-scale field which suppresses α.

It looks plausible that the large-scale magnetic field in celestial bodies even being constrained by
magnetic helicity conservation can reach energy equipartition with kinetic energy of turbulence due
to the spatial transport of magnetic helicity density (e.g. [3] for galactic and [4] for solar dynamos).

Contemporary observational facilities provide some methods for observational identification of
magnetic helicity at least in solar active regions. The idea suggested by N. Seehafer [5] presumes
local homogeneity and isotropy of small-scale solar magnetic fields in order to extract current and
magnetic helicity from surface vector magnetograms of solar active regions. Long-term solar activity
monitoring undertaken at Huairou Solar Station nearby Beiging allows to obtain time-latitude
distribution (butterfly diagram) of current helicity and conclude about distribution of magnetic
helicity which occurs to be more or less compatible with expectations of solar dynamo theory [6].
A substantial anisotropy of small-scale magnetic fields in solar active regions revealed by detailed
analysis of Huairou data constrains however observational efforts in this direction.

2 Higher helicity invariants: many other constrains for dynamo?

An important message from topology is that apart from the simplest Gauss invariant for a system
of closed lines there are higher topological invariants which give a more detailed description of
magnetic field line knottedness. Corresponding generalizations of higher invariants for magnetic
field and knottedness of magnetic tubes provide a sequence of conservation laws some of which deal
with pseudoscalar quantities and in principle could contribute to the α-effect suppression as well as
magnetic helicity. Such a perspective to get various constraints for dynamo action looks not very
exciting for application of dynamo theory to particular celestial bodies.

We argue however that in practice situation with higher helicity invariants is less dramatic and
possible constraints for dynamo action are not so severe than that one from the Gauss invariant.
The point is that as far as it is known there are no densities associated with higher topological



invariants. Correspondingly, we can not follow conservation of such invariant with a help of its
density balance and have to consider its conservation in the whole system. It looks plausible that
because of the symmetry arguments the mean value of the mirror-asymmetric higher invariants in
the whole body vanishes and nothing have to be compensated by small-scale field knottedness.

One more point is that the open magnetic flux which is clearly revealed in solar observations
makes conservation of higher invariants even more delicate. One have to distinguish magnetic field
knottedness of the whole space including very remote regions and that one of the solar magnetic
field in the strict sense. The first one can vanish while the second one can remain non-vanishing
in the course of solar cycle. Something like that happens presumably with the invariant
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taken over the whole space. This invariant can be considered as a topological one as well as helicity
invariants and is proportional to the magnetic dipole moment of the whole system [7]. On the
other hand, dipole magnetic moment of the Sun does not vanish in strict sense and changes its sign
each 11-year cycle (see for details [8]). Note that the integral presented dipole magnetic moment
converges very slow (in sense of principal value only) and magnetic field of solar wind which decays
even slowly as dipole field makes the problem even more complicated.
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