
Japan Solar Physics Community (JSPC) Chair Shinsuke Imada (Univ. Tokyo)

Based on「 Goals, strategies, and schedule for the solar and hemispheric physics 」
（2022）in JSPC webpage

Future plans for solar physics 
in Japan
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image: Hinode/XRT  

Important issues in solar physics (3+α)

• Formation and dynamics of high-temperature outer atmosphere and 
solar wind (coronal heating, solar wind, chromospheric dynamics)

• Plasma explosion phenomenon (flare, coronal mass ejection, particle 
acceleration)

• Origin of magnetic field (dynamo)

• Sun as a star 

è Understanding the basic processes of space magnetic plasma
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いる。そうした研究は、今後の惑星探査計画により情報が格段に増えるであろう惑星表層環
境研究との連携が期待できる。さらに、これらの研究は⺟星天体の系外惑星系への作⽤を理
解する基礎になるものである。 

 

 
図 1 太陽物理学研究推進によって期待される成果と、近接研究領域への波及効果 

 

地球・⽣命圏との繋がり：地球周辺の宇宙環境に太陽が及ぼす影響は、フレア・CME・SEP・
太陽⾵に伴う擾乱現象や輻射変動などさまざまなものがあり、中には⼤きな社会的影響を
もたらすものもあり、宇宙天気という⾔葉が社会的にもひろく認識されつつある。近年太陽
フレア予測は深層学習を⽤いて予報運⽤されるほどに進展した。⼀⽅、磁場観測が困難な太
陽裏⾯予報や、浮上磁場・⿊点形成の予測がないと困難な⻑期予報は今後の課題である。ま
た SEPは太陽フレア発⽣に伴って⽣じる数⼗ keV-数GeVの⾼エネルギー粒⼦である。SEP
はフレアやCMEの衝撃波⾯で加速されると考えられているが、その加速過程は未解明であ
る。⽉⽕星探査や宇宙旅⾏が本格化すると、社会的にも SEP 予測の重要性は増し、太陽研
究の果たす役割は⼤きくなる。特に、⽶国 NASA を中⼼に策定されている有⼈⽉⾯着陸
Artemis 計画が現在進⾏中であり宇宙環境擾乱イベントの予報には喫緊な要請がある。この
ように、宇宙天気の研究成果は社会経済活動に直接関係するという特徴を持ち、社会と天⽂
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Flare: Magne+c Reconnec+on
Solar wind: magne+c plasma turbulence
Chromosphere; par+ally ionized plasma

Planetary explora+on: impact on the planetary sphere
Astrobiology
Effects of the host stellar on the exoplanet system 

Space weather
Human Spaceflight program
Social and economic impact

Outcomes of solar physics

Deepening the understanding of 
astrophysics/plasma physics processes

Development of research in 
astronomy and planetary science

Connection to the earth and the 
biosphere



Japanese Sun Observing Spacecrafts
Hinotori (ASTRO-A) Yohkoh (SOLAR-A) Hinode (SOLAR-B)

188 kg
Launched in 1981 Feb

390 kg
Launched in 1991 Aug

900 kg
Launched in 2006 Sep

Particle acceleration 
and plasma heating 
in solar flares

Particle acceleration 
and plasma heating 
in solar flares and 
general coronal 
activities

General solar activities 
of magnetized plasmas 

2.1 研究状況: 日本における太陽観測衛星の歴史

SOLAR-Cプロジェクト準備審査説明資料 3

Hinotori／／ASTRO-A
1981 Feb

Yohkoh／／SOLAR-A
1991 Aug

Hinode／／SOLAR-B
2006 Sep

SOLAR-C
2028

科学課題 太陽フレアで発生する高エネ
ルギー粒子の理解

太陽大気(コロナ)の熱的プラ
ズマとそこで起きるフレアに
伴う高エネルギー粒子の理解

太陽表面磁場の運動及びそれ

に伴うコロナ・フレアプラズ
マの運動・加熱の理解

コロナ・フレアの振る舞いが

起きる仕組みやその背景にあ
る基礎物理過程の理解

キーワード 高エネルギー粒子* 磁気再結合(リコネクション) 磁気的活動 磁気的結合大気

主な

搭載観測装置

硬Ｘ線撮像装置

Ｘ線分光装置

軟Ｘ線望遠鏡

硬Ｘ線望遠鏡

可視光・磁場望遠鏡

軟Ｘ線望遠鏡・極紫外線装置

極紫外線分光望遠鏡

科学成果

(SOLAR-Cは期待
する主な成果)

フレアの初期に発生する高エ

ネルギー粒子の生成過程を理
解するために硬Ｘ線発生場所

を初めて明らかに

太陽フレアは磁気再結合過程

であることを確証し、多様な
構造・ダイナミックな変動に
満ちたコロナを明らかに

コロナ加熱やフレアの主役で

ある磁力線の太陽表面での特
性・運動とその出力である振
舞いの特性が明らかに

磁気的に結合された太陽大気

（太陽表面〜コロナ）の間で
物質・エネルギーの輸送、プ

ラズマのエネルギーへの変換
の様子が明らかに (期待)

残された課題 熱的プラズマ*と高エネルギー
粒子との関係は未解明

フレアやダイナミックなコロ
ナを造る磁気的起源は未解明

コロナの振る舞いが起きる仕

組みやその背景にある基礎物
理過程は未解明

* 高エネルギー粒子：数億Kに相当する粒子、熱的プラズマ：数百万Kに相当するプラズマ
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Large-scale ground observa1on facili1es include 
visible light observa1on using the domeless
telescope at Kyoto University's Hida Observatory 
(completed in 1979) and the flare telescope at 
Na1onal Astronomical Observatory of Japan 
Mitaka (observa1on started in 1992), as well as at 
Nagoya University's Toyokawa, Fuji, Sugadaira, and 
Kiso sta1ons. Examples include IPS observa1ons of 
the solar wind using a group of deployed radio 
telescopes (observa1ons started in 1983) and 
Nobeyama's radio heliograph (observa1ons started 
in 1992).

The first X-ray image of 
the early stage of the 
explosion was obtained.

Our understanding of the three-dimensional 
structure of solar flares and their temporal 
evolution has greatly deepened.

The movement of magnetic loops on the 
solar surface has been revealed clearly for 
the first time.

What we learned is that it is important 
to view the solar atmosphere as one 
system, from the photosphere to the 
corona!

What should we do next? 2023/11/17
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NGSPM-SOT

• I. Formation mechanisms of the hot and dynamic outer atmosphere

• II. Mechanisms of large-scale solar eruptions and foundations for predictions

• III. Mechanisms driving the solar cycle and irradiance variation. 

	 16	

 

 
 
Figure 2-1: Mapping of white papers for spectroscopic observations (upper) in three science 
objective categories and (lower) in wavelength and atmospheric height 
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34 WP has been submitted

Executive Summary NGSPM-SOT

1. 0.3" coronal/TR spectrograph 
2. 0.2"- 0.6" coronal imager 
3. 0.1"- 0.3" chromospheric/

photospheric magnetograph/
spectrograph 

In June 2016, NASA, JAXA, and ESA chartered a Next Generation Solar Physics Mission 
Science Objective Team to study and report on a multilateral solar physics mission concept.

Top level science objectives

5

Proposed Solar-C_EUVST JAXA-NASA-ESA collaboration!
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Consideration of Japan's SOLAR-C satellite program

1. Upper atmosphere high sensitivity 
spectroscopic telescope (0.3~0.4”) 

Seamless observation

2. High resolution corona imager 
(0.2~0.6”)

3. Photosphere/chromospheric
magnetic field telescope
(0.1~0.3”)

• Sharpening of scientific objectives and missions
• A series of symposium discussions by JSPC
• Discussion at JSPC Steering Committee
• Recommendation of JAXA-NASA-ESA international team “NGSPM-SOT” (2017)

• Changes in the status of the ISAS Satellite Program Roadmap

Precise magnetic field observation
1) Developing new methods with 

CLASP, Sunrise-3 (NAOJ)  
2) Cooperating with overseas 

ground-based large telescope 
(DKIST) and collaborating with 
SOLAR-C

Early realization as SOLAR-C 
for upper atmosphere 
diagnostics

Priority by NGSPM-SOT Strategy for the second half of 2020s

Space telescope observations in the 2030s

1 MK Corona

6000 K Photosphere
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Next-generation solar observation 
satellite Solar-C

7

Observation wavelength : 
17-21.5nm, 46-128nm
à Covers the entire temperature range from 

10,000 degrees to 15 million degrees without any 
gaps.

High spatial resolution:  0.4”

FOV:  280”x280”

High temporal resolution: 0.5s (shortest)

2023/11/17 JSPC@NAOJ Future Sympo

Solar Physics Community’s top priority mission

Japan will take the lead in cooperating with the US 
and Europe.
Scheduled to launch on an Epsilon rocket in 2028

 
    JX-ESPC-102254  
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Figure 5.1: EUVST on the spacecraft bus with the direction of the spacecraft global coordinates. 
 

 

5.2 EUVST systems 
EUVST システム 

 

The proposed payload in the Concept Study Report consists of a telescope section (TS), a spectrograph (SP) for the 

EUV spectroscopy, a slit-jaw imager (SJI) for monitoring the slit position on the Sun at UV wavelengths, a guide 

telescope assembly (GTA) for sensing the motion of the pointing direction, control electronics boxes (TEB and SEB), 

and a solar spectral irradiance monitor (SoSpIM). Each component is briefly introduced in the following subsections. 

概念検討書で提案されているペイロードは、望遠鏡部(TS)、EUV 分光⽤のスペクトログラフ(SP)、紫外線
波⻑で太陽上のスリット位置をモニタするスリットジョー撮像装置(SJI)、望遠鏡の指向⽅向の動きを検
出するガイド望遠鏡(GTA)、それらを制御するエレクトロニクス部(TEB と SEB)、太陽分光放射計
(SoSpIM)から構成される。以下に、各コンポーネントを簡単に紹介する。 

 

The system diagram of the EUVST and the component list are shown in Figure 5.2 and Table 5.2. 

EUVST のシステム図と機器リストを Figure 5.2 および Table 5.2 に⽰す。 

 

The SOLAR-C aims to carry out high-cadence observations to reach the dynamical time scale of observation targets. 

The EUV wavelength ranges are selected for the spectrograph to have a wide temperature coverage with no large 

gap.  

SOLAR-C は、⾼頻度観測を実施して観測対象の動的スケールに達することを⽬指している。広い温度感
度をもたせるため、EUV 域を分光器の波⻑域として選択している。 

 

 



Scientific objectives I: Understand how 
fundamental processes lead to the formation 
of the solar atmosphere and the solar wind 

Hinode EIS Observation 
spatial resolution ～3”

Hinode SOT Spatial resolution～0.3”

 16/100 

The improved spatial resolution and sensitivity of Solar-C_EUVST will allow events with smaller 
energies to be studied. The most compelling evidence for this comes from the Hi-C sounding rocket 
experiment, 5 minutes observations of the footpoints of high temperature loops. Hi-C took very 
high spatial resolution (0.3-0.4") images at a cadence of about 5.5 s. Testa et al. (2013) showed that 
with the increased spatial resolution and cadence of Hi-C, rapid variations in footpoint intensity 
could be detected. The estimated energies are ~1024 erg for these events. Furthermore, these events 
could not be detected at the lower spatial resolution and cadence of SDO/AIA.  

The first observing task (I-1-1) will be to quantitatively measure the energy of heating events with 
energies in the nanoflare range (~1024-1027 erg) envisioned by Parker (1972). These events can only 
be detected at the higher spatial resolution (0.3—0.4") and cadence (5.5 s). Solar_C-EUVST will be 
able to follow nanoflare’s evolution in the core of the AR from high temperatures to low 
temperatures (wide temperature coverage) with high temporal resolution. The spectroscopic 
observations will also provide electron densities, further improving the estimate of event energies. 

 
Figure 5.1: (a) SDO/AIA routinely observes transient heating events in Fe XVIII. Solar-C_EUVST will observe 
them with much higher spatial resolution and cadence and also provide plasma diagnostics such as temperature, 
density, Doppler shift, and non-thermal broadening, the quantities that should be compared with theories. (b) Solar-
C_EUVST will be able to observe the evaporative upflows associated with small-scale heating events predicted by 
nanoflare models. Here a simulated footpoint profile (blue) and loop-averaged profile (red) are shown. (c) High 
spatial resolution images from Hi-C show braided loops in Fe XII. These loops are associated with the formation of 
high temperature plasma. With its high spatial resolution Solar-C_EUVST will observe such events over a very wide 
range of temperatures. (d) Hinode/SOT observations of the magnetic field at the footpoints of the Fe XVIII loops in 
panel (a). Similar coordinated observations with high resolution ground-based observatories such as DKIST will 
allow us to reveal the photospheric changes that drive nanoflares to be identified. Schematic illustration of nanoflare 
on the top of figure is made by ISAS/JAXA.  
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図 3-8 イベント面積と X線強度の算出例 
X線強度ピクセル画像において、ピーク時刻の画像（左上図）からバックグラウンド時刻の画像
（右上図）を差し引き、差分X線強度画像（下図）を作成する。マクロピクセルでイベント検出が
あった範囲内で差分X線強度の最大値を求め、その30%以上の値を持ったピクセルをイベントの面
積S（下図白色で囲まれた領域）に、またS内の差分X線強度の総和をイベントのX線強度Iと定義す
る。 
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図 4-5 エネルギー頻度分布（重ね書き） 
エネルギー頻度分布。横軸は熱エネルギー、縦軸は頻度を表している。図 4-4のそれぞれの
フィルターで検出されたイベントから得られた頻度分布を重ね書きした結果である。黒、青、
黄、赤色はそれぞれ Al-poly、C-poly、Ti-poly、thin-Beの分布を表している。 
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Shimizu 1995

15”

Uemura 2018

Yohkoh/SXT 〜3”

energy：〜1027erg

15”

Hinode/XRT 〜1.5”

〜1026erg

Hi-C Rocket 〜0.3”

Solar-C_EUVST 〜0.4”

From chromosphere to 
corona, Solar-C resolves 0.4” 
structure, and clarify 
understand how mass and 
energy are transferred and 
dissipated throughout the 
solar atmosphere. 

Resolution is different!

Relation is not clear
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Scientific objectives II: Understand how the 
solar atmosphere becomes unstable, releasing 
the energy that drives solar flares and 
eruptions 

 8/100 

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. 
 

 
3.2. Goals and objectives: new scientific steps the proposed concept aims to achieve in the 

science area 
提案するミッションコンセプトは当該分野になにをもたらそうとするのか 

 
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,   

C. To obtain spectroscopic information on dynamics of elementary processes taking place in 
the solar atmosphere.   

 
This mission concept provides a completely new set of spectroscopic tools to examine the solar 
atmosphere. The goals and objectives of this mission, together with a set of specific observing 
tasks, are described in the rest of this subsection. These shall be the significant steps toward the 
complete understanding of thermodynamics working in the Sun. 
 
 

 
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). 

MHD Instability

Magnetic Reconnection

Flare Trigger

Petschek v.s. Plasmoid Reconnection

Reconnection Region Thickness
(a few arcsec)
Spatially & Temporally Resolve
Plasma Diagnostics
→Acceleration, Heating, 
Turbulence, Shock structure

Drive

Interaction

From chromosphere to corona, Solar-C resolves 0.4” 
structure of Flare trigger, Reconnection, MHD Instability, and 
clarify their relationship.
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Strategy; Quan%fy the processes of mass loading and 
energy transport / conversion at work

I. Understand how fundamental processes 
lead to the forma5on of the dynamic solar 
atmosphere and the solar wind 

II. Understand how the solar atmosphere 
becomes unstable, releasing the energy 
that drives solar flares and erup%ons 

Science objec*ves;

JAXA Epsilon M-class mission
A fundamental step towards answering how the plasma universe is created and evolves, 
and how the Sun influences the Earth and other planets in our solar system

Astrophysics

Plasma physics

Geo-space physics
(Space weather)

A)   Wide T-coverage (10^4-10^7 K)
Observe the whole regimes of the solar atmosphere as a 
single, coupled system

B)   High resolution  (spatial ~ 0.4”, temporal ~ 1 sec) 
Capture the dynamic evolu+ons of elementary structures 

C)   Spectroscopy
Determine the physical states of the targets 
(V, r, T, composi+on, ioniza+on)

Key features (not ever done);

Close connec)on to

~500kg in Sun-synchronous orbit

Launch 2028
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Plans for 2020-2030
• Large-size plans (satellite plans, etc. >10 billion yen scale plans)

- SOLAR-C_EUVST (small satellite No. 4, JAXA-ISAS/NAOJ)

・ Ultraviolet imaging spectroscopy with high spaOal and temporal 
resoluOon

- PhoENiX ( NAOJ/JAXA-ISAS)

・Imaging spectroscopy and γ-ray polarizaOon spectroscopy using 
soT and hard X-rays

• Medium-sized project (research plan that requires a 
Gaisanyoukyu but can be carried out at the university)

- Next-generaOon solar wind observaOon device (Nagoya University)

・VisualizaOon of the solar wind in the inner heliosphere through 
scinOllaOon observaOons of radio stars

- NIRTF (Kyoto University)

・Wide-field infrared polarizaOon spectroscopic observaOon device 
installed at the focal plane of DIKST (US 4m Solar Telescope)

-ngGONG (NAOJ)

・ParOcipaOng in the solar telescope project planned by the U.S. 
Solar Observatory (NSO) to install solar telescopes around the world

2023/11/17

11

• Small-size plan

- SUNRISE-3 balloon experiment (NAOJ/JAXA-ISAS)

・Provided infrared polarizaOon spectroscopy (SCIP) 
for the internaOonal joint project SUNRISE-3 balloon 
experiment

- FOXSI-4(NAOJ/JAXA-ISAS)

・Providing soT X-ray spectrometer detectors, etc. 
for NASA's X-ray rocket experiments (PhoENiX
Pathfinder)

• Large-scale plan at the idea stage

-Solar mulO-point observaOon mission

・This project aims to observe the flow deep inside 
the Sun.

-Next GeneraOon Large Solar Telescope (NAOJ/JAXA-
ISAS)

・This project aims to observe the chromospheric
magneOc field.
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Science Objectives to be solved in solar physics

Formation 
mechanism of solar 
outer atmosphere 

and solar wind
Mechanism of large-
scale solar flares and 
building a foundation 

for prediction

Driving mechanisms 
of solar cycle activity 

and radiation 
intensity variations

SUNRISE-3

FOXSI-4

Multi-point observation of the sun

SOLAR-C 

PhoENiX

NIRTF

ngGONG

large space telescope

New solar wind 
observation

Formation 
mechanism of solar 

atmosphere

Plasma Physics
Flare/CME

Solar wind/ 
CME 

propagation

Long-term 
variations of solar 

magnetic field

RMHD model

3D corona
Magnetic field model

Solar Flare Model and 
Prediction

Heliospheric MHD 
simulation

Energetic Particle 
acceleration and modeling

Solar Dynamo
simulation

O
bservational study

Theroiticalstudy

Region connection 
simulation

CLASP-1, 2, 2.1



Future plans for solar physics in Japan
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・ 1m telescope from space

・Observa1on of the solar polar 

region through eclip1c plane escape

・PhoENiX

SOLAR-C and beyond: Diverse 
directions and possibilities
(Prioritization is a matter for 
consideration) After 2030

Precise measurement of upper 

atmospheric magne1c field

Understanding the Solar Cycle origin

Understanding par1cle accelera1on in MR

Hinode 2006 –(2022)

Magne1c field diagnosis at 

photosphere

望遠鏡  
種類  

カセグレン 
口径  

ø270 mm
有効焦点距離  2614.0 mm (F/9.68) 

主鏡
 

ø300 mm, K=-1, 曲率半径 2054.5 mm

 

 

副鏡
 ø123 mm, K=-5.27, 曲率半径 1243.0 mm

 
可視光除去

主鏡のコールドミラー化 スリット 
スリット幅  

7 μm (0.55 秒角)
  

スリット長 
2.5 mm (200 秒角)  スリットジョー光学系
 波長

 
Lyα (バンドパスフィルター) 

光学系 - 多層膜コーティングを施した折り返し鏡
 

- 軸外放物面 x 2 
 

- Lyα フィルター x 2 
検出器  

512 x 512 CCD, 13μm pixel 

プレートスケール 
1.03 秒角 / pixel  

分解能  
2.9 秒角  (spot RMS 直径)  

倍率 
1.00

偏光解析装置 
偏光測定

 ストークス I, Q, U, V 
機能

 直交する偏光成分を同時に測定 

光学系

視野

 - 回転波長板- 偏光アナライザー x 2分光器
 

光学系
 逆Wadsworthマウント

 

回折格子のタイプ 球面、等間隔溝　1303本/mm 
 

 

回折格子の大きさ 
ø106 mm (有効口径)  

観測波長  
MgII h & k (280 nm)

 

分解能

 
1.1 秒角 (空間; RMS 直径)
0.01 nm (波長; RMS 直径)

倍率

 
1.87

 

分光カメラ
 

検出器  
512 x 512 CCD, 13μm pixel 

露出時間   
0.2 秒

読み出し領域
512 (空間) x 300 (波長) pixel

 
プレートスケール 0.55 秒角 / pixel (空間)

0.005 nm / pixel (波長)

 

200 秒角 (スリット長)
1.5 nm (279.45 - 280.35 nmをカバー)

視野
527 x 527 秒角

CCDカメラ

偏光板

球面等間隔回折格子

軸外放物面鏡（カメラミラー）

スリット

回転波長板

副鏡
望遠鏡

スリットジョー光学系

Channel 1
分光器

CCDカメラ

開口絞り(入射瞳 )

偏光解析装置

Channel 2

主鏡

0次光用ライトトラップ

コールドミラーコーティング 吸熱板

紫外線 ( 反射 )

可視光( 透過 )

双曲面鏡

拡大光学系ユニット

折り返し鏡

減光フィルター

CLASP1 Rocket (2015) 

CLASP2 Rocket (2019,2021) 

Hanle effect

Development of ultraviolet 

polariza1on Technique

Upper atmosphere magne1c field diagnosis

Developing methods in the upper 

chromosphere and transi1on layer

SUNRISE-3 Baloon (2024)

3D diagnosis of 

photosphere to 

chromosphere

Now

Par1cipa1on in the 

Overseas Large Telescope 

(DKIST) (2023~)

Ultra high resolu1on

Photosphere/chromospheric

magne1c field

SOLAR-C (2028)

Realiza1on of high-resolu1on 

spectroscopic observa1ons from the 

upper chromosphere to the corona 

using ultraviolet light

Upper atmosphere plasma diagnosis

FOXSI-2 (2014), -3 (2018), -4 Rocket (2024) 
Understanding high-energy par1cle accelera1on

2028

2023

2030’s
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