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Three-dimensional structure of the magnetic field above the sunspots modeled by the MHD

simulation
#Ryosuke Yamanishi?, Koji Kondoh?, Shin Toriumi®, Satoshi Inoue®
UScience, Ehime univ.,?RCSCE, Ehime Univ.,”ISAS, JAXA,?ISEE, Nagoya University

It is well known that solar flares and coronal mass ejections (CMEs) tend to occur in sunspot regions. Toriumi &
Takasao (2017) conducted a series of flux emergence simulations and succeeded in reproducing four types of typical
sunspot structures that have been observationally suggested to cause strong flares. However, the magnetic structure in
the corona above these reproduced sunspots, its time development, and the force-freeness known to exist in the actual
solar corona have not been analyzed in detail yet.

Therefore, we set two purposes in this study. First, we investigate the magnetic structure in the corona of the simplest
standard sunspots in Toriumi & Takasao (2017). Then, we apply the nonlinear force-free field (NLFFF) extrapolation
method to these sunspots and compare with the original 3D simulation data.

On the structural analyses of the magnetic field in the simulation, first, we visualized the magnetic field lines and
investigated the time development of the three-dimensional magnetic structures and of the distribution of the magnetic
field strength. These emerging magnetic field lines expand into the corona and then gradually settle into a steady state.
Second, we calculated epsilon-force value (Wiegelmann et al. (2009)), which measures the force-freeness, and
investigated the relationship between the height and epsilon-force. The epsilon-force value decreases with height and
with time, that is, the coronal field gradually becomes force-free state. Furthermore, we will calculate NLFFF using the
2D slices at various heights in the 3D simulation data as the bottom boundary conditions and report these results.

In the presentation, we report on the detailed analysis results of sunspots modeled by Toriumi & Takasao (2017) and
NLFFF extrapolations using these simulation data.
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