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Outlines

Overview of the strategy of the Japan Solar Physics Community (JSPC)

Comments on the NAOJ instruments
— Research performance
— Future prospections
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Why we study the Sun ?

Sun as itself

Flares, eruptions, steady heating, winds, dynamo ...

Sun as a plasma laboratory

Magnetic reconnection, particle acceleration, MHD waves,

turbulence ...
Sun as a star

A typical example of G-type main sequence star

Sun in a planetary system

Space weather, space environment, irradiance, cosmic rays

Equilibrium

mass ejection

wind (?)

(disks)

(halo)

pavals disk O

convection
magnetic buoyancy

Tajima & Shibata (1997)
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Coronal and
chromospheric dynamics

Why hot ?
Why having winds ?
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Fundamental physics of space weather and climate

What are the conditions for eruptions like flares and CMEs ?

What are the mechanisms driving the magnetic cycles and their
irregular variations like the Manunder minimum ?
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dN / dW per day

What is known and what is not known ? 1/3

On the heating of the solar corona and chromosphere

Ubiquitousness of magnetic reconnection in magnetically dominant
environments with various scales

It is unknown to what extent contribution by reconnection to the heating is.
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What is known and what is not known ? 2/3

MHD waves

|dentification of Alfven and magnetoacoustic waves was successful

Quantitative study, e.g. of energy flux, spectral density, is

necessary. The interconnection among corona, transition region,
and chromosphere is required.

Hinode/SOT ~0.3”

" Hinode/EIS
| Resolution ~3”
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What is known and what is not known ? 3/3

Aschwanden+ (2017)

electrons

Elec/magnetic energy = 0.51+0.17
lons/magnetic energy = 0.17+0.17
CME/magnetic energy = 0.07+0.14
direct/magnetic energy= 0.07+0.17

ENERGY CLOSURE :
Sum/magnetic energy = 0.87+0.18

Widely accepted that the central
engine of flares is the magnetic
reconnection.

70% of the released energy was
converted to the non-thermal
acceleration. The mechanisms are
elusive yet.
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NGSPM-SOT

International team organized by JAXA/NASA/ESA

Next Generation Solar Physics Mission Science Objectives Team
(2017/7)

Higher priority of notional instruments

Constellation of small/med-class
missions arond 2025.

‘ Solar-C_EUVST
= as JAXA competitive M-class mission

By W

P~ -
0.1” = 0.3” chromospheric imager 3 Spectro-polarimetry: \
and magnetograph (T_4) CLASP (UV), Sunrise-3 balloon(lm)

0.1” photospheric magnetograph (T-1) > Closely coordinated

0.1” chromospheric spectrograph (T-5) observations with

Magnetic and velocity fields ground'based 4m (DKIST)

- 1m-class telescope
at chromosphere for a launch in 2030’s

0.3” coronal/TR spectrograph (T-9)

seamless plasma diagnostics
through the atmosphere
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Decadal strategy of Japan Solar Phys. Com.

Science target
v Coronal and chromospheric dynamics
v" Fundamental physics of space weather and climate

Strategy
v' Current top priority: Solar-C EUVST mission

v Scientific planning, technological development, and
demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields
v Future extension of solar physics
v’ Heliospheric / space plasma
v Plasma physics
v’ Stellar & astrospheric physics
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JAXA Epsilon vehicle

Solar-C_EUVST

Spacecraft installed
in the fairing envelope,
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EUVST

EUV High-throughput Spectroscopic Telescope

CCD/IAPS radiator panels

EUVST-Bus I/F

X L

\/v Z "/////.

- CFRP structurg
Guide telesco

Aperture door

Mirror assembly

Heat dump

Spacecraft bus

Optical bench

CCD IAPS

E-box

Slit-jaw imager

Grating

e The instrument: length 3.8 m, weight ~200 kg

(credit; Shimizu 2019) 13



Effective area (cm?)

C_EUVST
F

;

Performance

* Peak efficiencies is a factor of 10 improvement in

Hinode/EIS and 40 over SOHO/SUMER
- High throughput - High temporal resolution

Count rate of spectral lines

Effective area vs. wavelength ﬁ vs. temperature
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- A variety of spectral lines, seamless access to plasma
temperatures from 0.01 MK to 20MK
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Scientific objectives

I-1: Quantify the Contribution of Nanoflares to Coronal Heating

F

I-1-1: Measure the energy of small-scale heating events in the
transition region and the corona in the energy range of ~10%4 - 10?7 erg.
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Near future projects of solar/heliospheric physics
BepiColombo/Mio (MMO)
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|l x5y “in situ” measurements
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“in situ” measurements Solar Orbiter

\ Cr it:‘.ESA/AO
60Rs (closest), 25 deg. solarn latitude

(20267)

Coronal image/spectra,
photospheric magnetogram

DKIST (2020~) 4m solar telescope (low resolution/telemetry)

<0.1arcsec photo/chromosphere e




Decadal strategy of Japan Solar Phys. Com.

Science target
v Coronal and chromospheric dynamics
v" Fundamental physics of space weather and climate

Strategy
v' Current top priority: Solar-C EUVST mission

v Scientific planning, technological development, and
demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields
v Future extension of solar physics
v’ Heliospheric / space plasma
v Plasma physics
v’ Stellar & astrospheric physics
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next after Solar-C_EUVST

v' CLASP(2015). CLASP2(2019) rocket experiments

« Successful detection of scatter polarization and the signature of the
Hanle effect from the chromosphere

v" FOXSI-3 rocket experiment (2018 lead by NASA)
« Successful observation of SXR 2D imaging. A step to PhoENiIX.

v 1mO telescope Sunrise-3 balloon experiment (2021 Japan, Germany,
Spain, US) Spectropolarimetry of the chromosphere

v' Space-based 1m® UV/Vis/IR telescope
v Out-of-ecliptic mission, solar poles

' (c‘red'it: MPI) :




P h o E N IX (Physics of Energetic and Non-thermal Plasmas in the x-regioﬁl faf)

Science Goal
Understanding particle acceleration in magnetic reconnection

@ https://www.phoenix-project.science/

Science Objectives: Specification in flares of
[where] location of particle acceleration,

[when] temporal evolution of nhon-thermal emission, and
[how] characteristics of particles. magnetic reconnection
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Roadmap to 2030's
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Expected outcomes

Understanding the fundamental
plasma physics
magnetic reconnection
MHD turbulence
partially-ionized plasmas

Contribution to the astronomy and
planetary science b

et
)] (F
astrosphere |
Effect on life and society

space weather impacts
habitability
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DHEDER
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Disturbance to the planetary environment

Plasma eruptions, high-energy particles, and EUV/X-ray irradiance
give strong impact on the plasma environment around planets.
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(credit; S Imada, Solar-C_EUVST team}2



Comprehensive understanding of the Sun and
stars with their surrounding environment

age(rotation) vs Xray luminocity age(rotation) vs mass loss rate
(Wright & Drake 2016) (Wood et al. 2005)
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Decadal strategy of Japan Solar Phys. Com.

Science target
v Coronal and chromospheric dynamics
v" Fundamental physics of space weather and climate

Strategy
v' Current top priority: Solar-C EUVST mission

v Scientific planning, technological development, and
demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields
v Future extension of solar physics
v’ Heliospheric / space plasma
v Plasma physics
v’ Stellar & astrospheric physics
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Comments on the NAQOJ instruments 1/6

Hinode

It is still be a unigue and Japan solar physics
community's flag-ship instrument. The
photospheric spectro-polarimetric data is
unreplaceable by any other instruments even
now.

It is producing substantial results by
collaborations with the newly appeared
projects like SDO and IRIS (NASA).

e.g. flare trigger mechanism by Kusano +

We are expecting further collaborations with the
new instruments such as Parker Solar Probe
(NASA, on orbit approaching the Sun), Solar
Orbiter (ESA, 2020 launch), and
DKIST(NSO, 2020 first light).

(© NAOJ/JAXA, Hinode team)
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Comments on the NAQOJ instruments 2/6

Solar-C EUVST

It is regarded as THE next flag-ship project
of Japan solar physics community to be
realized in this coming decade.

NAQOJ is currently playing a important key
role for the design of the telescope and
the spacecraft system under a
collaboration with JAXA/ISAS, Nagoya
U. ISEE, Kyoto U., other domestic
universities and international partners
Including NASA and European countries'
agencies.

The next down-selection process at JAXA
will be conducted in January, 2020. Itis
highly important to make the Solar-C
project stronger from human-resource
and budget points of view.

(© NAOJ/JAXA, Solar-C WG)
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Comments on the NAOJ instruments 3/6

CLASP

The successful launch of the 2nd flight was
highly appreciated. The first preliminary
results of the polarization data of the
Mgll lines were impressive giving us an
expectation of near-future scientific
outputs.

It is also highly appreciated that the project
was conducted mainly by the young-
generation scientists.

Note that the study of the solar
chromospheric dynamics and inter-
relationship with the upper atmosphere
are the main subjects of the world-wide
solar community,

(© NAOJ, CLASP team)
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Comments on the NAQOJ instruments 4/6

FOXSI and PhoENiX

The successful launch of the 3rd flight was highly
appreciated. The first preliminary results
shown in the Hinode-13 meeting of the soft X-
ray imaging spectroscopy was impressive.

It is also highly appreciated a project conducted
mainly by the limited number of young-
generation scientists' effort.

The science activities for the future PhoENiX
project is supported by the community. High-
energy physics, i.e. the non-thermal
acceleration of particles in flares is one of the
remained frontiers for the solar physics.

Inter-discipline activities based on the key
science, i.e. magnetic reconnection by the
project are appreciated.

(© NASA, FOXSI-3 team)
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Comments on the NAQOJ instruments 5/6

ALMA solar

The effort by the NAOJ member for
the solar observations by ALMA
IS highly appreciated. Without his
contribution, the realization of the
solar observation may not be
achieved.

Although there still appeared a few
solar papers by using ALMA, the
performance of the instruments
for the solar observations is N
Improving so that the number of
papers should be increased in
the near future.

(© NAOJ)

g
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Comments on the NAOJ instruments 6/6

Sunrise-3

Substantial contribution to the project is
conducted by providing one of the
iInstruments, i.e. SCIP. The target
science, i.e. chromospheric polarization
IS consistent with the strategy of the
JSPC.

DKIST

It is regarded as one of the most important
projects for the world-wide solar
community. Now the collaboration with
Hinode is under an effort to organize.
More substantial contribution by NAQOJ,
e.g. providing an instrument etc. is
expected under a collaboration with the
International/domestic communities.

—

(© NSO/US)
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Decadal strategy of Japan Solar Phys. Com.

Science target
v Coronal and chromospheric dynamics
v" Fundamental physics of space weather and climate

Strategy
v' Current top priority: Solar-C EUVST mission

v Scientific planning, technological development, and
demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields
v Future extension of solar physics
v’ Heliospheric / space plasma
v Plasma physics
v’ Stellar & astrospheric physics
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