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Solar activities may seriously impact terrestrial environment as well as our infrastructure in different manners. However,

our predictability of solar activities and the influence upon the earth and the socio-economic systems is substantially hindered.

The objective of the Earth Simulator Project “Simulation Study of Solar-Terrestrial Environmental System” is to advance our

understanding for the variability of terrestrial environment and to improve our predictability of the solar dynamics. In FY 2016, we

have developed the new simulation to reproduce and predict the solar flare events based on the magnetohydrodynamic simulation and

the observed data of magnetic field vector on the solar surface (photosphere).
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1. Introduction

The solar activities influence the terrestrial environment and
the socio-economic system. In particular, giant solar eruptive
events such as solar flares and coronal mass ejections (CMEs)
may seriously impact the infrastructures of satellite, power
grids, and communication facilities. However, our capability
to predict the onset and the influence of solar eruption is still
limited. Therefore, the improvement in our understanding and
predictability of the solar-terrestrial environment is crucially
important not only from scientific point of view but also from
the social and economic aspects.

Earth Simulator Project “Simulation Study of Solar-
Terrestrial Environmental System” was established in order to
improve our understanding and predictability of solar-terrestrial
environmental dynamics. In FY 2016, we have developed
the magnetohydrodynamic (MHD) simulation to improve
our understanding of the trigger mechanism of flares and the
predictive capability of it.

Systematic studies of the flare trigger mechanisms have

been performed by Kusano et al. (2012)[1]. They carried
out ensemble MHD simulations with different Linear Force-
Free Fields (LFFFs) and small bipole structures with different
orientations imposed onto the LFFF. From their study, magnetic
structures as well as the orientation of the bipoles which are
effective in triggering a flare can be identified. They found that
solar eruptions can occur as a result of interaction between the
instability driven by strong shear of the large-scale magnetic
field near the polarity inversion line (PIL) and the proper
disturbance in small-scale magnetic fields (Fig.1). The proper
disturbances proposed in their study are the opposite polarity
(OP) and the reversed shear (RS) structures.

The opposite polarity refers to the small bipole magnetic
field whose polarity is opposite to the polarity of the large-
scale field structure at the PIL. The reversed shear field refers
to the small bipole field which is directed nearly opposite to the
sheared component of the magnetic field. Several observational
analyses of flare events have been conducted [1, 2, 3]. Their

results demonstrated that there were the small-scale magnetic

Fig. 1 The time evolution of simulation of solar flare, in which the opposite polarity field triggers the onset of eruption. Green lines and red surface

are magnetic field lines and the region of high electric current density.
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fields proposed by Kusano et al. (2012)[1] indeed in the central
region of large solar flares.

However, the configurations of magnetic fields in the Sun
are much more complex than the LFFF structures. In order to
verify the applicability of the flare trigger model to realistic
system, we have to develop the simulation of realistic magnetic
field, which should be consistent with the observations. For this
purpose, we have carried out the simulation study of solar flares
triggering process using the nonlinear force-free field (NLFFF)
extrapolation, which can reconstruct the three-dimensional
magnetic field of solar active region from the observed magnetic
field vector on the photospheric surface.

In this study, we used the data of photospheric magnetic
field on the solar active region (AR) NOAA 10930 observed
by Hinode satellite, and investigate which kind of small-scale
magnetic field is responsible to trigger the solar flare by making
different simulations in which various kind of small scale field
is injected into the NLFFF extrapolated from the Hinode’s

observation data.

a.

Y (aresos)

2. Results

The magnetic field lines of the NLFFF of AR NOAA 10930
is strongly twisted above the polarity inversion line between the
main positive and negative magnetic pole. The overall structure
of twisted fields is consistent with the morphology of soft-X ray
image taken by the Hinode satellite (Fig. 2).

We carried out multiple simulations, in which various kinds
of small-scale magnetic bi-poles are injected onto the center of
sheared magnetic flux of the NLFFF to survey the capability of
small scale magnetic pole as the trigger of flare. In particular,
we focus on the orientation of small-scale bi-pole field and eight
different angles of the bi-poles are investigated. As the result of
them, we found that the opposite polarity and the reversed shear
cases favor the onset of solar eruption. In the former case, the
reconnection of two twisted field rooted near the small-scale
bi-pole forms more strongly twisted loops, and destabilizes
the eruptive instability (Fig. 3). In the latter case, the reduction
of magnetic shear due to the magnetic reconnection with the

injected reversed-shar field causes the collapse of magnetic loop

and triggers the eruption (Fig. 4).

X (aese0

Fig. 2 (a) Magnetic field lines of the NLFFF of AR 10930, and (b) the X-ray image observed by Hinode/XRT. Blue and red contours are for the
vertical component of magnetic field. This is the copy from Ref. [4] (Muhamad et al. 2017 ApJ).

Fig. 3 Dynamics of eruption-induced reconnection caused by the OP-type structure. Green lines show the field lines before the flux rope is formed

by reconnection with the OP-type bipole field. Blue lines show the magnetic field lines that changed their connectivity due to the reconnection

with the imposed OP-type structure. Purple lines show the magnetic field lines that retain the same connectivity. Yellow lines show the flux

rope created by the reconnection. The red areas show enhanced current density. This is the copy from Ref. 4 (Muhamad et al. 2017).
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(b) t=0.23

Fig. 4 Dynamics of reconnection-induced eruption caused by RS-type structure: (a) the initial state, (b) after bipole flux is injected, (c) during the

formation of the flux rope, and (d) when the flux rope erupts. Blue lines show the magnetic field lines that changed the connectivity due

to reconnection with the imposed RS-type structure. Green lines show the magnetic field lines that collapsed to the center of the RS-type

structure, and then finally reconnected with the imposed RS-type structure. Yellow lines show the magnetic field lines that created the flux

rope. Red areas correspond to intense current density layers. This is the copy from Ref. [4] (Muhamad et al. 2017 ApJ).

3. Discussion and Summary

Our simulations show that the trigger mechanism proposed
by Kusano et al. (2012[1]) can be applied to the real coronal-
like magnetic field environment. Although the trigger structures
appear as emerging flux in our simulations, it is possible that
the trigger may come from other processes—as long as the
configuration of the trigger structure exists in the proper way.
This emerging twisted flux rope evolved and appeared as a
sunspot motion or rotation by means of the kink instability.
Finally, in this study, we succeed to confirm the OP-type
trigger structure and mechanism responsible for X3.4 flare in
AR 10930, as proposed by Kusano et al. (2012[1]), based on

observation and simulations using an idealized AR model.
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