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Solar flares are the biggest explosion in the solar system that affect Earth’s space weather. The mechanism that
drives the onset of solar flares is unknown, hampering efforts to forecast them, which mostly rely on empirical
methods. We are conducting simulation research to reproduce the process leading to giant solar flares based on
magnetohydrodynamics, and to accurately predict their occurrence and influences. Therefore, the three-
dimensional magnetic field of large solar active regions observed from June 2010 to March 2022 was calculated
based on the nonlinear force-free field model and released it as an open database.
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1. Introduction

Solar flares emit sudden, strong bursts of electromagnetic
radiation from the solar corona, and eject plasma and energetic
particles into inter-planetary space. Since large solar flares can
cause severe space weather disturbances affecting Earth, it is
crucial to predict large flares to mitigate their impact. However,
as the onset mechanism of solar flares is unclear, most flare
prediction methods so far have relied on empirical methods.

To improve this situation, we have developed a new solar flare
prediction method (k scheme) based on physics theory, and
statistically confirm the high predictability of this new method by
statistically analyzing the data of flaring active regions in the
solar cycle 24. In FY2021, we developed and released the
database of the three-dimensional magnetic field (non-linear
force-free magnetic field; NLFFF) of the solar corona, which
have been calculated for the flare prediction study by the Earth
Simulator.

2. K scheme and force-free magnetic field

The « scheme is based on the
magnetohydrodynamics (MHD) theory, which
explains large-scale plasma phenomena. We

developed the new model of MHD instability that
occurs on the surface of the sun (called double-arc
instability). Through this study, we have found, a
new physical parameter (k parameter) defined as the
ratio of the magnetic twist flux to the overlying
magnetic flux determines the occurrence of the
double-arc instability. When k exceeds the critical
value (~ 0.1), the double-arc instability can grow,
and the magnetic flux tube is ejected from the solar
surface, resulting in a flare [1].

Based on this theory of instability, the k scheme

calculates the critical size of magnetic reconnection
which causes solar flares by increasing the magnetic
twist. Solar flares are known to occur near the
magnetic neutral line (PIL), where the magnetic
polarity is reversed on the solar surface. The k
scheme can also calculate how much energy can be
released if flares occur. This makes it possible to
estimate the magnitude of solar flares that can occur
at each location on the PIL.

However, since the k scheme uses the magnetic
twist flux, a three-dimensional structure of the
magnetic field is required. On the other hand, the
magnetic field in the corona is not measurable, we
have to reconstruct the three-dimensional magnetic
field by solving the nonlinear force-free field
(NLFFF) equation,

VX B = aB.
Here, « is the force-free parameter determined by
the boundary condition on the solar surface.

3. NLFFF database

We used the Spaceweather HMI Active Region
Patch (SHARP) of the solar surface magnetic field
observed by the Helioseismic and Magnetic Imager
(HMI) onboard NASA's Solar Dynamics
Observatory (SDO) to calculate NLFFF. The
SHARP database provides the magnetic field
converted into a Cartesian coordinate system
contacting the solar surface for each active region.

Using it as the boundary condition, the NLFFF
database (ISEE NLFFF database) was constructed
based on the MHD relaxation method [3]. The
database was released from the Institute for Space-
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Fig.1 : An example of three-dimensional magnetic field of solar active region analyzed using the ISEE NLFFF database.

Earth Environmental Research, Nagoya University
[4]. This database contains 2288 data for 208 active
regions with large sunspots observed near the center
of the Sun (within + 50 degrees from the central
meridian) from June 2010 to March 2022 to date. We
provided also the readout software (IDL, Python,
Fortran). Figure 1 shows an example of three-
dimensional magnetic field plotted using the ISEE
NLFFF database.

4. Results and future plans

NLFFFs are useful for predicting solar flares as
well as for analyzing various solar activities. Until
now, there was no systematic database of NLFFF
because the calculation of NLFFF requires heavy
computation. Therefore, our database, which is the
world's first NLFFF database, is considered to make
a great contribution to the advancement of solar flare
prediction and the research of the solar magnetic
field structure.
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