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1. Introduction 
  Studying the Sun has long history since 400 years ago, from the observation by Galileo Galilei using 
his telescope. His careful observations of sunspots led to the finding that sunspots are a phenomenon 
on the solar surface and changes their shape in a couple of days. Modern observations of the Sun 
were opened by the finding by Hale in the early 20th century that strong magnetic fields exist in a 
sunspot. The presence of magnetic fields in the Sun led to the studies on how magnetic fields are 
maintained and created inside the Sun and how they drive various dynamic activities taking place in 
the solar atmosphere. 
  The Sun is not only emitting electromagnetic waves but also a source of solar winds consisting of 
hot ionized particles, i.e. plasma, coming from outer atmosphere of the Sun, solar corona, whose 
temperature is more than one million Kelvin. Plasma ejections and high-energy particles are also 
generated when strong eruptions, so-called solar flares, happen in the corona around a sunspot. 
These activities are primarily driven by magnetic fields. Other stars also exhibit active phenomena 
driven by magnetic fields, such as starspots, stellar flares and winds. The uniqueness of the Sun is that 
we can directly observe them with spatial resolution, which is essential to study what physical 
processes work behind the activities. Another uniqueness is that the Sun’s active phenomena are 
directly linked with the near-earth environment. Strong solar winds disturb the earth magnetic field, 
and high-energy particles from the Sun sometimes damage satellites revolving the earth. Strong 
coupling between the Sun and the earth gives rise to the concept “space weather”, leading to 
importance to understand and “predict” the solar activity as a source of the space weather. This is 
why we have been extensively studying the Sun for long years via observational, theoretical, and 
numerical approaches. 
 
2. Heating of the Solar Corona 
  One of the major mysteries is why the solar corona is  
so hot (more than one million Kelvin) compared with 
the solar surface, photosphere (6 thousand Kelvin). The 
HINODE satellite, which was launched in 2006, has 
provided lots of new finding for us to know elemental   
processes to heat  the solar corona. The most 
surprising outcome was that HINODE revealed 
super-sonic jets ubiquitously occurring in the 
chromosphere that is the atmospheric layer between 
the photosphere and the corona. The small-scale jets can be candidates of the “nanoflares” which 
have been speculated to be a tiny flare to heat the corona[1][2]. Another finding was that threading  
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structures seen in the chromosphere are revealed to exhibit lateral oscillations, which probably 
carries magnetic energy required to heat the corona[3]. These discoveries were realized by significant 
improvement in the spatial resolution of HINODE. In 2013, a new spacecraft “Interface Region 
Imaging Spectrograph” (IRIS) is to be launched, and is anticipated to provide quantitative information 
of the dynamic chromosphere for complete understanding of the energy transfer and dissipation 
among different atmospheric layers.  
 
3. Space Weather and Climate 
  Solar flares are the most energetic event in the solar system. To understand and predict their 
influence on the earth environment, it is quite important to measure magnetic configuration around 
a sunspot producing a flare, and to know how the build-up of magnetic energy happens and what 
process triggers sudden release of the stored 
energy through magnetic reconnection. 
Recent advances of the observation 
instruments, such as HINODE and Solar 
Dynamics Observatory (SDO), allow us to 
measure magnetic fields on the surface and 
to simulate the 3D magnetic structure around 
a sunspot with help from numerical modeling. 
These study make it increasingly clear what 
magnetic configuration is necessary to cause 
an eruptive flare[4] though it is difficult yet to 
predict their onset in advance. The secular change of the solar magnetic activity is also of particular 
interest these days because the number of sunspots in the current cycle is clearly fewer than in the 
last 100 years. The sunspot number periodically changes with 11-years cycle, but it sometime exhibits 
irregular variation. The most famous period is the Maunder minimum in the 17th century when the 
number of sunspots was extremely few for longer than 50 years. The recent irregular activity in the 
Sun possibly provides a good opportunity to study the “space climate” on how the long-term change 
in the Sun influence the earth environment with modern techniques including the advanced 
observations and numerical simulations. 
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Solar eruption reproduced with numerical modeling 
based on an observation with HINODE. 
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