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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

4Tajima & Shibata (1997)



Coronal and 

chromospheric dynamics
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Why hot ?

Why having winds ?

(Cranmer & Winebarger 2018)



Sun Earth

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 ?

6(credit; S. Imada, Solar-C_EUVST team)



(Shibata+ 1994)

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.

7

 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 ~10
24

 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 (~10
24

-10
27

 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.  

(Tsuneta+ 1992)

(Cirtain+ 2013, HiC rocket)(Shimizu+ 1995)

(Shibata+ 2007)

(Katsukawa+ 2007)



What is known and what is not known ? 2/3

MHD waves

Identification 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.
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Hinode/EIS 
Resolution ~ 3”

Hinode/SOT  Resolution ~ 0.3”

Hinode/SOT  ~0.3”



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

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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Aschwanden+ (2017)

RHESSI HXR (contours) and SXR (color)

(Battaglia & Benz 2006; Krucker+ 2008)



NGSPM-SOT
International team organized by JAXA/NASA/ESA

Next Generation Solar Physics Mission Science Objectives Team

(2017/7)
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Higher priority of notional instruments 

0.3” coronal/TR spectrograph (T-9)       

0.2”-0.6” coronal imager (T-7)                

0.1” – 0.3” chromospheric imager 
and magnetograph (T-4)

0.1” photospheric magnetograph (T-1)
0.1” chromospheric spectrograph (T-5)

seamless plasma diagnostics 
through the atmosphere

Magnetic and velocity fields 
at chromosphere

Solar-C_EUVST 
as JAXA competitive M-class mission 

Expect a NASA MiDEX mission  

Spectro-polarimetry:
CLASP (UV), Sunrise-3 balloon(1m)  
 Closely coordinated 

observations with
ground-based 4m (DKIST) 

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

Constellation of small/med-class 
missions around 2025.



Decadal strategy of Japan Solar Phys. Com.

Science target

 Coronal and chromospheric dynamics

 Fundamental physics of space weather and climate

Strategy

 Current top priority: Solar-C_EUVST mission

 Scientific planning, technological development, and 

demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields

 Future extension of solar physics

 Heliospheric / space plasma

 Plasma physics

 Stellar & astrospheric physics
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Solar-C_EUVST
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Weight 520-550 kg

Spacecraft installed 

in the fairing envelope

JAXA Epsilon vehicle

Sun synchronous polar orbit (>600 km)

High pointing stability, based on Hinode knowledge

（credit; Shimizu 2019)



EUVST 
EUV High-throughput Spectroscopic Telescope
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• The instrument: length 3.8 m, weight ~200 kg 

IAPS

Slit-jaw imager

Mirror assembly

鏡筒

E-box

Optical bench

Spacecraft bus

EUVST-Bus I/F

CCD/IAPS radiator panels

Guide telescope

Aperture door

Heat dump

CFRP structure

Grating    

Slit       

CCD     

（credit; Shimizu 2019)



Performance
• Peak efficiencies is a factor of 10 improvement in 

Hinode/EIS and 40 over SoHO/SUMER

14

x10 
Hinode/EIS

x40 
SoHO/SUMER

Count rate of spectral lines 
vs. temperature

Δv < 2km/sec

 30/100 

6.2.3 Radiometric performances to achieve high-throughput optics 

 

The instrument must achieve high throughput performance. The effective area (EA) in cm
2
 is related 

to the radiance, L, in erg/scm2sr by the following formula: 

𝐸𝐴 = 8.3 ×102
𝑁

𝐿𝑡𝑒𝑥𝑝𝜆
 [cm2 ] , 

where N is photon number, texp is exposure time in second, and 𝜆 is wavelength in Å. EA as a function 
of wavelength was calculated and is given in Figure 6.2(a) for SW and LW bands based on the EAs 

of Hinode/EIS and SoHO/SUMER, respectively. The EA of the SW band is calculated under the 

assumption that the diameter of the primary mirror is twice as large as Hinode/EIS and the visible-IR 

filter in the optical path is removed. The EAs of LW bands are calculated under the assumption that 

the number of reflections is reduced from 3 to 1 and the diameter of the primary mirror increases 

from 12~cm to 28~cm. The calculation includes the mirror, grating and detector efficiencies, as well 

as the relevant geometrical factors (i.e., mirror area and the splitting of the grating into the SW and 

LW channels). The plot includes, for comparison, the published effective areas of Hinode/EIS, 

SoHO/SUMER and SoHO/CDS.  The peak efficiencies give a factor of ≈ 10 improvement with 

respect to Hinode/EIS in the EUV and an improvement of a factor of ≈ 40 over SoHO/SUMER in the 

FUV. Figure 6.2(b) shows the expected signal (in count/arcsec
2
) obtained by multiplying the EA by 

the radiances for different solar regions and by considering typical exposure times for those regions 

and a resolution element of 1~arcsec
2
.  

 

6.2.4 Photometric accuracy 

 

Spectroscopic observations are challenging because they distribute the observed emission into many 

small spectral bins. Furthermore, spectroscopic plasma diagnostics often rely on high-order moments 

of the line profile or on information from multiple lines. To evaluate the diagnostics of interest we 

have performed Monte Carlo simulations where we assume a total line intensity, Doppler shift, non-

thermal velocity, and background and generate a random realization of the line profile. We then infer 

the values of these parameters from a least-squares fit to the synthetic data, just as we will for the 

actual observations. Repeating this process for different intensity levels allows us to estimate how the 

uncertainties in the diagnostics depend on the observed counts.  

 

An example calculation is shown in Figure 6.3. Here we have simulated the C~III 977.02~Å line 

assuming no Doppler shift, a non-thermal velocity of 30~km/s, a dispersion of 37~mÅ per spectral 

pixel, an instrumental broadening (full width at half maximum; FWHM) of 2.5~pixels, and a 

 
Figure 6.2: (a) Assumed Solar-C_EUVST effective area based on the baseline architectures described in section 15.  

The effective areas of Hinode/EIS, SoHO/SUMER, and SoHO/CDS are also shown for comparison. (b) Expected count 

rates (count/arcsec
2
)
 
for the indicated exposure times for different solar observational targets (5~s for the quiet Sun, 1~s 

for active regions, and 0.5~s for a small flare). The horizontal dashed line marks the 200~counts (in the spectral line) 

level necessary to determine line positions with a ≈ 2~km/s accuracy as shown in section 6.2.4. 
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・High throughput   High temporal resolution

・A variety of spectral lines, seamless access to plasma 
temperatures from 0.01 MK to 20MK

Effective area vs. wavelength

（credit; Shimizu 2019)
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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 ~10
24

 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 (~10
24

-10
27

 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.  

Shimizu 1995
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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。 

Hinode/XRT 1.5” ~1025erg Spatial Resolution 0.4”
Temporal Resolution 5s

Yohkoh/SXT ~3” ~1027erg

Uemura 2018
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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。 

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.

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

~1024erg  Testa et al. 2013

15”

15”

CSR: page 16~29



Near future projects of  solar/heliospheric physics
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Credit: NASA/JHU APL

“in situ” measurements

Parker Solar Probe

Credit: ESA/AOES

Solar Orbiter

Coronal image/spectra, 
photospheric magnetogram

8.9Rs (closest @ 2025~)

Credit: NASA/JHU

BepiColombo/Mio (MMO)

60Rs (closest), 25 deg. solar latitude
(2026~)

65Rs – 100 Rs @Mercury
(2025~)

“in situ” measurements
Solar-C_EUVST
(2025~)

(low resolution/telemetry)DKIST (2020~) 4m solar telescope
<0.1arcsec photo/chromosphere



Decadal strategy of Japan Solar Phys. Com.

Science target

 Coronal and chromospheric dynamics

 Fundamental physics of space weather and climate

Strategy

 Current top priority: Solar-C_EUVST mission

 Scientific planning, technological development, and 

demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields

 Future extension of solar physics

 Heliospheric / space plasma

 Plasma physics

 Stellar & astrospheric physics
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next after Solar-C_EUVST

 CLASP（2015）、CLASP2（2019） rocket experiments

• Successful detection of scatter polarization and the signature of the 

Hanle effect from the chromosphere

 FOXSI-3 rocket experiment (2018 lead by NASA)

• Successful observation of SXR 2D imaging. A step to PhoENiX.

 1mΦ telescope Sunrise-3 balloon experiment (2021 Japan, Germany, 

Spain, US) Spectropolarimetry of the chromosphere

 Space-based 1mΦ UV/Vis/IR telescope

 Out-of-ecliptic mission, solar poles

18(credit: MPI)(credit: FOXSI team)(credit: CLASP team)



PhoENiX (Physics of Energetic and Non-thermal Plasmas in the X-region)

Science Goal
Understanding particle acceleration in magnetic reconnection

Science Objectives: Specification in flares of

[where] location of particle acceleration,

[when] temporal evolution of non-thermal emission, and

[how] characteristics of particles.

19

Solar flares

Magnetspheric X-lines γ-ray flare in crab nebula

magnetic reconnection

 

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



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

heliosphere

astrosphere

Effect on life and society

space weather impacts

habitability
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Sun Earth

Disturbance to the planetary environment

Plasma eruptions, high-energy particles, and EUV/X-ray irradiance 

give strong impact on the plasma environment around planets.

22(credit; S Imada, Solar-C_EUVST team)



Comprehensive understanding of the Sun and 

stars with their surrounding environment

age(rotation) vs Xray luminocity

(Wright & Drake 2016)

age(rotation) vs mass loss rate

(Wood et al. 2005)

23

CME of a G1III giant

(Argiroffi et al. 2019)



Thermal convection in the 

solar interior (H. Hotta)

Solar wind acceleration by Alfven wave 

turbulence (M. Shoda)
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Decadal strategy of Japan Solar Phys. Com.

Science target

 Coronal and chromospheric dynamics

 Fundamental physics of space weather and climate

Strategy

 Current top priority: Solar-C_EUVST mission

 Scientific planning, technological development, and 

demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields

 Future extension of solar physics

 Heliospheric / space plasma

 Plasma physics

 Stellar & astrospheric physics
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Comments on the NAOJ instruments 1/6

Hinode

It is still be a unique 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).

26

(© NAOJ/JAXA, Hinode team)



Comments on the NAOJ 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.

NAOJ 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. It is 

highly important to make the Solar-C 

project stronger from human-resource 

and budget points of view.
27

(© NAOJ/JAXA, Solar-C WG)



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 

MgII 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, 

28

(© NAOJ, CLASP team)



Comments on the NAOJ 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.

29

(© NASA, FOXSI-3 team)



Comments on the NAOJ 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 

improving so that the number of 

papers should be increased in 

the near future.

30

(© NAOJ)



Comments on the NAOJ instruments 6/6

Sunrise-3

Substantial contribution to the project is 

conducted by providing one of the 

instruments, 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 NAOJ, 

e.g. providing an instrument etc. is 

expected under a collaboration with the 

international/domestic communities.

31

(© MPS, Sunrise team)

(© NSO/US)



Decadal strategy of Japan Solar Phys. Com.

Science target

 Coronal and chromospheric dynamics

 Fundamental physics of space weather and climate

Strategy

 Current top priority: Solar-C_EUVST mission

 Scientific planning, technological development, and 

demonstration experiments for post-Solar-C projects

Cooperation with surrounding fields

 Future extension of solar physics

 Heliospheric / space plasma

 Plasma physics

 Stellar & astrospheric physics
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