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The development of magnetic islands or plasmoids in current sheets (Figure 3.2-B) can also lead to 
fast reconnection (e.g., Shibayama et al., 2015). In addition, Hinode imaging observations have 
revealed that small-scale reconnection events are produced throughout the chromosphere, where the 
plasma is partially rather than fully ionized as in the corona, with implications for collisional effects. 
The temperature evolution of the reconnection region can be inferred by measuring the intensities of 
lines of highly ionized iron, e.g. from Fe XVII through Fe XXIV, while high velocity flows are 
expected in or close to the reconnection region. It is therefore crucial to determine the current sheet 
geometry and to test the standard flare scenario. However, this can only be done using fast maps 
with high spectral resolution of the full group of hot Fe lines (Fe XII to XXIV) within and above the 
forming X-ray loops; something impossible with existing spectrometers as they do not possess 
enough throughput performance. 

Trigger of solar eruptions: In addition to providing an insight into the fundamental process of 
magnetic reconnection, flares can be associated with the eruptions of CMEs containing both hot and 
cool plasma (such as a filament). The cool plasma can represent an important component of the 
mass of the eruption, especially in the case of a full filament eruption. Recent observational and 
computational studies indicate that a topology change from a magnetic arcade to a magnetic flux 
rope (MFR), occurs before or in the early stages of the eruption. This is in contrast to other models 
which assume that the MFR exists prior to the eruption.  

A trigger mechanism(?) is also important to activate the eruption (Figure 3.2-D). Some mechanisms 
involve MHD kink and toroidal instabilities whose observational signatures are twist (and writhe) 

 Figure 3.1Caption:  
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T ~ 6000 K
Turbulent convection and its interaction with magnetic fields are 
the source of energy injection into the outer atmosphere.

T ~ 105 K
The Alfvén and sound speeds both increase rapidly with height, 
playing critical role in the energy transfer.

T ~ 106 - 107 K
The energy injected from underneath is finally released, leading 
to the hot corona, the solar wind, and coronal mass ejections. 

T ~ 104 K
Regulates the mass and energy loading into the corona by 
fine-scale dynamics, such as jets and waves. 
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For the main scientific objectives we define sub-objectives (I-1~I-4, II-1~II-2) to be addressed with 
the Solar-C_EUVST mission. To tackle the sub-objectives, we also define the observing tasks at 
right side (labeled such as I-1-1) of Table 2.1, which describe what we want to observe with the 
mission. Details of the observing tasks are described in sections 3.2 and 5.1. 
 

Table 2.1: Science objectives of the Solar-C_EUVST mission 
I. Understand How Fundamental Processes Lead to the Formation of the Solar Atmosphere and the 
Solar Wind 
Historically, two primary mechanisms have been proposed to explain how the chromosphere and corona are 
heated, namely small-scale magnetic reconnection and wave dissipation. Recently the role of small 
chromospheric jets called spicules has also been studied extensively. These mechanisms are also directly 
linked to the origin and acceleration of the solar wind. By investigating energy transfer and release on small 
spatial and temporal scales, Solar-C_EUVST will quantify the relative contributions of these mechanisms to 
the formation of the solar atmosphere and the solar wind. 
I-1 Quantify the Contribution of Nanoflares to Coronal Heating 

Nanoflares, small-scale magnetic 
reconnection events, are a possible 
mechanism for heating the corona. Solar-
C_EUVST will evaluate this hypothesis 
by observing high-temperature plasmas 
and their dynamical behavior through 
resolving elemental structures in the 
corona.   

I-1-1 Measure the energy of small-scale heating 
events in the transition region and the corona in 
the energy range of ~1024 - 1027 erg. 

I-1-2 Observe intermittent processes that generate 
plasmas above 5 MK with high speed plasma 
motions. 

I-1-3 Observe sub-arcsec braiding structures with high 
temporal and spatial resolutions. 

I-1-4 Identify the driver of nanoflares by comparing 
spectroscopic diagnostics with simultaneous 
observations of the photosphere and low 
chromosphere. 

I-2 Quantify the Contribution of Wave Dissipation to Coronal Heating 
The wave heating hypothesis suggests 
that waves propagate upwards from the 
solar surface and are dissipated, leading 
to the heating of the solar atmosphere. 
Solar-C_EUVST will quantify this 
scenario by measuring the characteristics 
of the waves at different heights and 
observing the thermalization process. 

I-2-1 Detect Alfvén waves by measuring the 
propagation of fluctuations through different 
layers of the atmosphere. 

I-2-2 Observe the thermalization process by 
measuring how transition region and coronal 
plasmas respond to the propagating waves. 

I-2-3 Identify the source of upwardly propagating 
waves by comparing spectroscopic diagnostics 
with simultaneous observations of the 
photosphere and low chromosphere. 

I-3 Understand the Formation Mechanism of Spicules and Quantify Their Contribution to Coronal 
Heating 
A spicule is a dynamic jet launched 
upwards from the lower atmosphere and 
is a fundamental ingredient of the solar 
chromosphere and the transition region. 
Solar-C_EUVST will clarify how 
spicules are created and quantify their 
mass and energy contribution to coronal 
heating. 

I-3-1 Observe the thermal evolution of spicules (width 
~0.4") from chromospheric to transition region 
and coronal temperatures. Quantify the mass 
flux that spicules supply to higher altitudes. 

I-3-2 Identify the driving mechanisms of spicules by 
comparing spectroscopic diagnostics with 
simultaneous observations of the photosphere 
and low chromosphere. 
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I-4 Understand the Source Regions and the Acceleration Mechanism of the Solar Wind 
The solar wind is the plasma flowing 
along open field lines into the 
heliosphere. This plasma is thought to be 
accelerated by Alfvén waves as it flows 
away from the solar surface. The wind 
originates in faint regions of the corona, 
making it difficult to measure the plasma 
properties. Solar-C_EUVST will provide 
sensitive measurements of the velocity, 
temperature, density, and abundance in 
these regions, revealing the formation 
and acceleration mechanisms of the solar 
wind. 

I-4-1 Observe the velocity, temperature and density 
structures at the source regions of solar wind and 
clarify their relationship to the magnetic field 
structures. 

I-4-2 Detect signatures of coronal Alfvén waves in 
plume and inter-plume regions and measure 
their energy fluxes with height. 

II. Understand How the Solar Atmosphere Becomes Unstable, Releasing the Energy that Drives Solar 
Flares and Eruptions 
Photospheric motions lead to the accumulation of free magnetic energy in the corona. This system 
eventually becomes unstable, releasing the energy through magnetic reconnection. This process of energy 
conversion heats the plasma to high temperatures and drives coronal mass ejections (CMEs). By measuring 
the properties of multi-temperature flaring plasma, Solar-C_EUVST will investigate why the reconnection is 
fast despite the high magnetic Reynolds number. It will also monitor the temporal evolution of solar active 
regions and identify the triggering mechanism for the flare and eruption. 
II-1 Understand the Fast Magnetic Reconnection Process 

Magnetic reconnection is one of the 
fundamental processes for converting 
magnetic energy into the thermal and 
kinetic energy of the plasma. This 
process occurs much faster than is 
predicted by classical theory. Solar-
C_EUVST will observe the dynamics of 
magnetic structures to understand the 
mechanisms that lead to fast magnetic 
reconnection in partially or fully ionized 
plasmas. 

II-1-1 Probe plasma conditions and structures inside 
the reconnection region and clarify the role of 
shocks and magnetic islands in fast 
reconnection. 

II-1-2 Probe the conversion of energy by observing the 
chromospheric response to magnetic 
reconnection at very high cadence. 

II-1-3 Characterize the physical properties and 
dynamics of magnetic reconnection occurring in 
the chromosphere and transition region, where 
the plasma is different from the fully ionized 
plasma of the corona. 

II-2 Identify the Signatures of Global Energy Buildup and the Local Triggering of the Flare and 
Eruption 
Understanding the accumulation and 
release of free magnetic energy in the 
corona is a fundamental problem. Solar-
C_EUVST will perform long-term 
monitoring of active regions to identify 
the signatures of energy buildup and 
high-resolution observations to 
understand the triggers of energy release. 

II-2-1 Monitor long-term, large-scale evolution of 
active regions and identify the spectroscopic 
signatures such as non-thermal upflows, which 
may indicate the energy buildup. 

II-2-2 Characterize the dynamics of small-scale 
magnetic structures that trigger the eruption of 
flares and identify the MHD 
(magnetohydrodynamic) instability modes by 
comparing photospheric and low-chromospheric 
observations against numerical modeling. 

 
3. Rationale for the scientific goals and objectives 

ĲĤĞķĽā�-=�ýz_ā[C 
3.1. Scientific background, status of the relevant scientific area, etc.  

�-y=�ā[CŃ|�ā�Qł5��±ā|�ngł� 
 
There are two crucial facets of solar research that underline the scientific priority of Solar-
C_EUVST. First, many of the phenomena that take place on the Sun also occur elsewhere in the 
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signatures and AR evolution are not clear due to the lack of long-term monitoring with high-enough 
spatial resolution. Because flares may be triggered by small-scale magnetic structures (e.g. Bamba 
et al. 2013), the triggering regions should also be inspected with high-resolution spectroscopy. The 
obtained data will be compared with numerical simulations to identify their MHD instability modes, 
which could lead to the ability to predict flares in the near future. 
 

 
Understanding of the solar atmosphere, which connects to the heliosphere via the radiation, the 
solar wind, coronal mass ejections and solar energetic particles, is crucial for answering how the 
Sun influences not only the Earth but also other planets in our solar system. Because the solar 
atmosphere can be observed in detail compared to the other stellar atmospheres, we can 
comprehensively understand the energy and mass transfer from the solar surface to the solar corona 
and interplanetary space. These studies lead to the understanding of the elementary processes that 
take place universally in cosmic plasmas. Further, these understandings of elementary process are 
essential for estimating the ancient solar-terrestrial environment and thus for establishing the 
conditions for life and habitability in the solar system. 
 
3.2. Goals and objectives: new scientific steps the proposed concept aims to achieve in the 

science area 
F\óďĲĤĞķĽĜĽġĮħĂ5��±ĀÿĀđċöčôæýóďāé 

 
In order to advance our understanding of the mysterious Sun, especially of the origin of the hot 
solar atmosphere and the occurrence of the solar flares, the Solar-C_EUVST mission concept 
tackles the scientific objectives in section 2 by taking the following unique approaches:  

A. To seamlessly observe all the temperature regimes of the atmosphere from the chromosphere 
to the corona simultaneously, 

B. To resolve elemental structures of the solar atmosphere and track their changes with 
sufficient cadence, and, �  

 
Figure 3.2: Standard flare model (center: Tsuneta 1997) with observations and numerical simulations in each feature. 
(A) A numerical simulation of the reconnection region (Daughton et al. 2011). (B) Erupting plasmoid and reconnecting 
current sheet observed by SDO/AIA (Liu et al. 2013). (C) Downward flowing loop signatures above a flare loop 
(Imada et al. 2013). (D) Flare eruption in an AR with flare-triggering fields (Bamba et al. 2013). 
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