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Magnetic helicity, as one of the few conserved quantities in magneto-hydrodynamics, is often invoked as the
principle driving the generation and structuring of magnetic fields in a variety of environments, from dynamo
models in stars and planets, to post-disruption reconfigurations of tokamak’s plasmas. Most particularly magnetic
helicity has raised the interest of solar physicists, since helicity is suspected to represent a key quantity for the
understanding of solar flares and the generation of coronal mass ejections. In recent years, several methods of
estimation of magnetic helicity have been proposed and already applied to observations and numerical simulations.
However, no systematic comparison of accuracy, mutual consistency, and reliability of such methods has ever
been performed.
We present the results of the first benchmark of several finite-volume methods in estimating magnetic helicity in 3D test models. In addition to finite volume methods, two additional methods are also included that
estimate magnetic helicity based either on the field line’s twist, or on the field’s values on one boundary and an
inferred minimal volume connectivity. The employed model tests range from solutions of the force-free equations
to 3D magneto-hydrodynamical numerical simulations. Almost all methods are found to produce the same value
of magnetic helicity within few percent in all tests. However, methods show differences in the sensitivity to
numerical resolution and to errors in the solenoidal property of input fields.
Our benchmark of finite volume methods allows to determine the reliability and precision of estimations of
magnetic helicity in practical cases. As a next step, finite volume methods are used to test estimation methods
that are based on the flux of helicity through one boundary, in particular for applications to observation-based
models of coronal magnetic fields. The ultimate goal is to assess if and how can helicity be meaningfully used as
a diagnostic of the evolution of magnetic fields in the solar atmosphere.

