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Multiple-harmonic electron cyclotron emissions, 
often known in the literature as the (n + 1∕2)fce 
emissions, are a common occurrence in the 
magnetosphere. These emissions are often 
interpreted in terms of the Bernstein mode 
instability driven by the electron loss cone velocity 
distribution function. Alternatively, they can be 
interpreted as quasi-thermal emission of 
electrostatic fluctuations in magnetized plasmas. 
The present paper carries out a one-dimensional 
relativistic electromagnetic particle-in-cell 
simulation and also employs a reduced 
quasi-linear kinetic theoretical analysis in order to 
compare against the simulation. It is found that the 
Bernstein mode instability is indeed excited by the 
loss cone distribution of electrons, but the 
saturation level of the electrostatic mode is quite 
low, and that the effects of instability on the 
electrons is rather minimal. This supports the 
interpretation of multiple-harmonic emission in the 
context of the spontaneous emission and 
reabsorption in quasi-thermal magnetized plasma 
in the magnetosphere.
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Recent observational works have reported spiral 
wave patterns (SWPs) in sunspots, but there is a 
lack of samples to derive the physical properties. 
In this presentation, we suggest the automatic 
method to detect the SWPs in observational data 
and present their statistical properties. From our 
method, we find more than 1000 SWPs observed by 
the Atmospheric Imaging Assembly onboard in the 
Solar Dynamic Observatory from 2013 to 2018. 

From our samples, more than half of the SWPs has 
the one spiral arm. The predominant oscillation 
period is 2 to 3 minutes. The rotating direction of 
the spiral arms does not depend on the latitude 
and the polarity of the sunspots. Our statistical 
results support the physical model suggested by 
Kang et al. (2019) that explain the generation of 
SWPs as the depth of the wave driving source and 
azimuthal modes in the straight vertical magnetic 
flux tube.
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We present a method to estimate 3-component 
plasma velocity (Vx, Vy and Vz) at solar 
photosphere near solar disk center, using the  
Helioseismic and Magnetic  Imager (HMI) onboard 
the Solar Dynamics Observatory (SDO) called 
Space-weather HMI Active Region Patch (SHARP). 
In Heliocentric-Cartesian Coordinates, the 
component of Vz is obtained from Dopplergram 
while the components of Vx and Vy are derived 
from the relation of  
(Demoulin & Berger 2003) using a series of vector 
magnetograms by an optical flow technique NAVE 
(Nonlinear Affine Velocity Estimator). This velocity 
measurement method is applied to AR 12158 
producing an X1.6 flare along with a coronal mass 
ejection. We find noticeable upflow motions at both 
ends of flux ropes which become a major eruption 
part, and strong transverse motions nearby them 
before the eruption. We will discuss the change of 
plasma motions and magnetic fields before and 
after the eruption.
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Image super-resolution (SR) is a technique that 
enhances the resolution of a low resolution image. 
In this study, we use three SR models (RCAN, 
ProSRGAN and Bicubic) for enhancing solar 
SDO/HMI magnetograms using deep learning. Each 
model generates a high resolution HMI image from 
a low resolution HMI image (4 by 4 binning). The 
pixel resolution of HMI is about 0.504 arcsec. Deep 
learning networks try to find the hidden equation 
between low resolution image and high resolution 
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image from given input and the corresponding 
output image. In this study, we trained three 
models with HMI images in 2014 and test them with 
HMI images in 2015. We find that the RCAN model 
achieves higher quality results than the other two 
methods in view of both visual aspects and 
metrics: 31.40 peak signal-to-noise ratio(PSNR), 
Correlation Coefficient (0.96), Root mean square 
error (RMSE) is 0.004. This result is also much 
better than the conventional bi-cubic interpolation. 
We apply this model to a full-resolution SDO/HMI 
image and compare the generated image with the 
corresponding Hinode NFI magnetogram. As a 
result, we get a very high correlation (0.92) 
between the generated SR magnetogram and the 
Hinode one.
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The solar magnetic field comes from the solar 
interior and is related to various phenomena on 
the Sun. To understand this process, many studies 
have been conducted to produce its evolution 
using a single flux rope. In this study, we are 
interested in the emergence of two flux ropes and 
their evolution, which takes longer than the 
emergence of a single flux rope. To construct it, 
we develop a flux emergence simulation by 
applying a parallel computing to reduce a 
computation time in a wider domain. The original 
simulation code had been written in Fortran 77. We 
modify it to a version of Fortran 90 with Message 
Passing Interface (MPI). The results of the original 
and new simulation are compared on the NEC 
SX-Aurora TSUBASA which is a vector engine 
processor. The parallelized version is faster than 
running on a single core and it shows a possibility 
to handle large amounts of calculation. Based on 
this model, we can construct a complex flux 
emergence system, such as an evolution of two 
magnetic flux ropes. 
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In order to gather clues to surface mineralogy of 
asteroids, we classify their taxonomy based on 
their reflected spectra. It is remarkable that a 
large number of asteroids plotted in the proper 
orbital element space with distinct colors according 
to their taxonomic types reveal the dynamical 
evolution and the structure in the near-Earth 
space, the main-belt and beyond. Although we 
have ~1×106 known objects, no more than ~3×103 
of them are properly classified taxonomically as 
visible-near infrared spectroscopy is costly. On the 
other hand, multi-wavelength broadband 
photometry in the visible region provides a rather 
inexpensive alternative tool for approximate 
taxonomy. Thus we have conducted multi-band 
observations systematically using Korea 
Microlensing Telescope Network (KMTNet) with 
BVRI and griz filters since back in 2015. We then 
applied aperture photometry with elliptical 
apertures to fit the trails of objects during the 
exposures, and classified them with the principle 
component indices of Ivezic et al. (2001). We will 
make use of our new, three dimensional asteroid 
classification scheme for the next step.
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Previously we developed a method of coronal 
force-free field construction using vector 
potentials. In this method, the boundary normal 
component of  the vector potential should be 
adjusted at every iteration step to implement the 
boundary normal current density, which is 
provided by observations. The method was a 
variational method in the sense that the excessive 
kinetic energy is removed from the system at every 
iteration step. The boundary condition imposing 
the normal current density, however, is not 
compatible with the variational procedure seeking 
for the minimum energy state, which is employed 
by most force-free field solvers currently being 
used. To resolve this problem, we have developed 
a totally new method of force-free field 
construction. Our new method uses a unique 
magnetic field description using two scalar 
functions. Our procedure is non-variational and 


