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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 | I-1-1 | Measure the energy of small-scale heating events
reconnection events, are a possible in the transition region and the corona in the
mechanism for heating the corona. Solar- energy range of ~10** - 10%" erg.

C_EUVST will evaluate this hypothesis | I-1-2 | Observe intermittent processes that generate
by observing high-temperature plasmas plasmas above 5 MK with high speed plasma
and their dynamical behavior through motions.

resolving elemental structures in the | [-1-3 | Observe sub-arcsec braiding structures with high
corona. 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.

[-2 | Quantify the Contribution of Wave Dissipation to Coronal Heating
The wave heating hypothesis suggests | [-2-1 | Detect Alfvén waves by measuring the
that waves propagate upwards from the propagation of fluctuations through different
solar surface and are dissipated, leading layers of the atmosphere.
to the heating of the solar atmosphere. | I-2-2 | Observe the thermalization process by
Solar-C_EUVST will quantify this measuring how transition region and coronal
scenario by measuring the characteristics plasmas respond to the propagating waves.
of the waves at different heights and | I-2-3 | Identify the source of upwardly propagating
observing the thermalization process. 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 | I-3-1
upwards from the lower atmosphere and
is a fundamental ingredient of the solar
chromosphere and the transition region.

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.

Solar-C_EUVST will clarify how | I-3-2
spicules are created and quantify their
mass and energy contribution to ¢6t8ral {
heating.

Identify the driving mechanisms of spicules by
comparing  spectroscopic ~ diagnostics  with
Sinfultaneous 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.

[-4-2 | Detect signatures of coronal Alfvén waves in

plume and inter-plume regions and measure their
energy fluxes with height.

I1. 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 | II-1-1 | Probe plasma conditions and structures inside the
fundamental processes for converting reconnection region and clarify the role of
magnetic energy into the thermal and shocks and magnetic islands in fast reconnection.
kinetic energy of the plasma. This | II-1-2 | Probe the conversion of energy by observing the
process occurs much faster than is chromospheric response to magnetic
predicted by classical theory. Solar- reconnection at very high cadence.
C_EUVST will observe the dynamics of | 1I-1-3 | Characterize the physical properties and
magnetic structures to understand the dynamics of magnetic reconnection occurring in
mechanisms that lead to fast magnetic the chromosphere and transition region, where
reconnection in partially or fully ionized the plasma is different from the fully ionized
plasmas. 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 | II-2-1 | Monitor long-term, large-scale evolution of

release of free magnetic energy in the active regions and identify the spectroscopic

corona is a fundamental problem. Solar- signatures such as non-thermal upflows, which

C_EUVST will perform long-term may indicate the energy buildup.

monitoring of active regions to identify | II-2-2 | Characterize the dynamics of small-scale

the signatures of energy buildup and magnetic structures that trigger the eruption of

high-resolution observations to flares and identify the MHD

understand the triggers of energy release. | ., - .| (magnetohydrodynamic) instability modes by
ySOIla rf@_T_ RS mgpgf g photospheric and low-chromospheric

observations against numerical modeling.
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C_EUVST From Hinode Science Center
F to Solar-C Science Center

Science plan
by using numerical simulation

ISAS:

LevelO data Lo TTT :———— -
N I Hinode/Solar-C : Alignment j Provide Simulation data :
: calibration 1 Other ground/satellite obs. I :
I : :
i Solar-C_prep : *%% pren I POteStL's;:'eld !
I Level 1 data : Level 1 data : :
R A B e
Non-expert: I coalignment ~ COmiparison coalignment C<_I_>omparisbn . Sur?spot :
QL data(TBD) : wavelength cal. I Level 2 data I FE I
Intensity I Level 2 data ! : Non-EQ lonization I
Velocity I (need time) : I :
Width e (il R L] T T
SH(LMSAL) 1 task 1 1- optional

Obs('u‘t’,lf:/lf;ary Solar Physics Community

ISEE Center for Integrated Data Science: CIDAS(provide red part)
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