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1. Fundamental physical processes and modeling

Twisted currents of coronal loops
in 3D MHD simulations

J. Warnecke, H. Peter

Mazx Planck Institute for Solar System Research, Gottingen, Germany

The magnetic field in the low plasma-beta solar corona is often assumed to be nonlinear force-free.
We find that this assumption is not necessarily fulfilled in extreme UV bright loop structures. In a 3D
numerical MHD model of a corona above an emerging active region a coronal loop forms self-consistently
as a consequence of the emerging magnetic flux and the horizontal motions at the surface. We find that
the current along the emerging loop changes its sign from being antiparallel to parallel to the magnetic
field from one leg to the other. This is caused by the inclination of the loop together with the footpoint
motion. Around the loop, the currents form a complex non-force-free helical structure. This is directly
related to a bipolar current structure at the loop footpoints at the base of the corona and a local
reduction of the background magnetic field (i.e., outside the loop) caused by the plasma flow into and
along the loop. Furthermore, the locally reduced magnetic pressure in the loop allows the loop to
sustain a higher density, which is crucial for the emission in extreme UV. We find that twisted currents
quantified in terms of current helicity seems to coincide with the hot and bright UV loops, indicating
a direct connection between current helicity and to the heating process. This might imply also a link
to the underlying dynamo mechanism, where current helicity can be produced and transported to the
surface. To investigate the role of current helicity further, we, therefore, also present some results of
3D MHD simulations of the solar corona, where we enhance the current helicity at the photosphere and
study its response as seen in the corona.
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Force-free solar corona
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Force-free solar corona
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Corona above an emerging active region

view from top: B
PR it RO

!-I-. .

vert

e R

~ 4 1+3000

Bottom boundary
e flux emergence

simulation , O
(Cheung & Rempel 2014) a

-3000

Es : " .3 L - ‘";‘_ - A : . g -
view from side: AIA 193 A

11000

- —
S S

(=]
DN / pix /s

n B

1

26th of June 2018 IRIS-Y workshop, MPS, Gottingen o ’ =~ 0
,j Chen et al. 2014, 2015




Corona above an emerging active region
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Current structure in the loop

side view

Ma etic field lines

7= 2.9 Mm

26th of June 2018 | Warnecke et al. 2017 MPS, Goingen 7




Current structure in the loop
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Current structure in the loop
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Plasma flows into the loop
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Plasma flows into the loop
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Current helicity in the loop
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» Quasi-stationary loops

» Bingert & Peter 2011
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» Quasi-stationary loops
» Bingert & Peter 2011
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Magnetic helicity enhances heating
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Magnetic helicity enhances heating
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Conclusions

Loop above emerging active region shows helical current structure
Bipolar current structure at each footpoint; movement of footpoints
Plasma flows into the loop drive non-potential magnetic field

Loop cannot be described by force-free modelling

Heating and emission correlate with current helicity

Helical magnetic field can play an important role in

Magnetic helicity injection leads to higher temperatures

understanding the Rotation-Activity-Relation of stars
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