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1. Background

Magnetic helicity is a conserved guantity in ideal mag-
netohydrodynamics (MHIDY), and an approximately con-
served guantity during reconnection [1]. It describes
how magnetic field lines link within a volume,

The helicity H in a volume V is defined by

H = [ A Bdy, (1}
Jp
where B = ¥ x A is the magnetic field, and A is the
vector potential. Under a gauge transformation 4 —
A+ Vil the helicity transforms according to
H—H4 [ wB-dS. (2)
Jav

Hence 1o ensure IT is gauge invariant, the magnelic
field must be closed. ie. the mormal component of
the ficld must be zero on the boundary of the volume

(B iy, = 0).

For open magnetic fields, a gavge-invariant counter-
part of H may be defined by considering the decompo-
sition of the field B = B, + B, where V = B, =0
and By, -fi|,, = B nl,, Inthat case the relative
helicity [2] is defined as:

By = [ —(A+A,)-(B-B,)dv, 3
oy

where B = V = Aand B, = ¥V = A,. This quantity
is independent of the choice of gauge.

2. Solar application

Magnetic helicity enters the corona due to the cmer-
gence and twisting of magnetic Aux at the photosphere.
Helicity injection in a given solar hemisphere is predom-
inantly of one sign, and then it is approximately con-
served, so the helicity 15 expected to continuously build
upr in the corona, until it is expelled in coronal mass ejec-
tions [5].

There is considerable interest in modeling magnetic
helicity in the corona. The field is open because it
crosses the photosphere, and extends ou into the so-
lar wind. Two approaches to estimate the helicity are
I, to construct models for the coronal feld as a nonlin-
ear force-free field using photospheric boundary condi-
tions on the field, or via MHD simulations incorporat-
ing data. and to use eq. (31, or 2. to calculate the relative
helicity flux through the photospheric boundary, based
an the time evolution of the magnetic field and velocity
ficld on the boundary [4]. A test of 1. using magnetic

fields known in a finite volume showed that exisiting
technigues can reliably estimate magnetic helicity for
a range of esr fields [7]. However, it remains unclear
whether modeling methods allow accurate determina-
tion of the helicity of magnetic fields on the Sun [3, 6].

The calculation of relative magnetic helicity is based
on the current-free magnetic field (Bp), which is con-
structed using Neumann boundary conditions on all sur-
faces of V. Here we consider a cartesian volume, with
the lower boundary representing the solar photosphere.
From the Thomson theorem, we find that a current-free
field with Neumann boundary condition on the bottom
and top, and periodic lateral boundarics will have lower
magneic energy than the current-free field with New-
mann boundary conditions on all six boundaries. In
the former case, the condition By - #i| . = B -7y,
does not hold on the lateral boundaries. However, use
of this potential field results in the relative helicity (3)
being gauge-dependent. To make use of the periodic
current-free field, we need to modify the original defi-
nition of the relative magnetic helicity to ensure gauge-
independency.

In this talk, we will demonstrate methods for deter-
mining the helicity of open magnetic ficlds and present
a new definition for the relative magnetic helicity based
on the periodic potential field. The measures of helicity
will be applied 1o known Torce-Tree magnetic fields, and
to monlinear force-free models for solar coronal mag-
netic felds,
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