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My missions, Our missions

• Spectro-polarimetry for solar magnetism
• Rotating wave plate mechanism

Solar-C/SUVIT à CLASP1/2 à Sunrise 3/SCIP
• Sunrise 3/SCIP in 2021
• DKIST

• Spectroscopy in EUV
• Mass and energy transfer in upper atmosphere
• For bridging to the heliosphere
• Solar-C_EUVST in 2025

• Longer-term future prospects
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waves

magnetic reconnection

Magneto-convection

local
dynamo

Acceleration, turbulence
（source of solar wind）

MHD instability

Better understanding of MHD processes, 
advanced with Hinode observations
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image: Hinode/XRT  

Key objectives in solar physics

• How hot and dynamic outer atmosphere is 
created?
• chromospheric fine structures, nanoflares, MHD waves, 

magnetic emergence, solar wind, prominence formation

• What causes flares and plasma eruption?
• Energy storage, trigger, CME propagation, fast 

reconnection, d-sunspot formation, particle acceleration

• How the solar magnetic field is created and 
maintained?
• Velocity and B field structure in interior, turbulence and 

dynamo, irradiance variation

Physical processes governed in plasma universe
Influence to the heliosphere

From NGSPM-SOT report (2017)
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1. Coronal/TR 
spectrograph (0.3~0.4”)

2. High-resolution 
Coronal imager (0.3”)

3. 1m magnetic-field 
telescope (0.1~0.2”)

Spectro-polarimetry
1) CLASP1/2 sounding 

rocket, Sunrise-3 balloon
2) 4m ground-based 

DKIST, collaborated 
with Solar-C_EUVST

Solar-C_EUVST 
during the next solar 

maximum (around 2025)

Priority given by NGSPM-SOT

Strategy In 2020s

Bridge to space 
telescopes in early 2030s

Large original Solar-C (2015)

5

High priority instruments for solar science in 2020s
• Sharpening science objectives and mission

• Domestic discussions after large strategic (original) SOLAR-C cannot 
move forward in 2015.

• International: Recommendations from JAXA-NASA-ESA ”NGSPM-SOT” 
(2017)

seamless plasma diagnostics 
through the atmosphere

Magnetic and velocity fields 
at chromo/photosphere

2019/4/22



Original Solar-C proposal (2015)

• Next Generation Solar Physics Mission
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SUVIT TA 
(JAXA/ESA)

EUVST (ESA)
+ IM (Irradiance Monitor)

SUVIT FG  (NASA)

SUVIT SP (JAXA/ESA)

Optical Bench Unit

HCI (NASA)

SUVIT UBIS (ESA)

����: JAXA
��: JAXA/ESA
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1. Spectro-polarimetry for solar 
magnetism
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Measurements of magnetic fields in and 
above the chromospheric layer

Current: Magnetic field measurements at high beta condition
à Non-linear force-free extrapolation to the corona

(used in space weather research)2019/4/22 8



Hinode/SOT

2019/4/22 9(Ichimoto et al. 2008 Solar Physics)

Polarization modulator (PMU) – Polarization analyzer



A key technology 
for precise spectro-polarimetry
• Mechanism for continuously rotating wave-plate
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àA key technology for Solar-C SUVIT
àApplied to CLASP1/CLASP2 and Sunrise/SCIP
à 3 years continuous rotation has been confirmed.

Good steps for satellite observations
(Shimizu et al. 2018 JAXA RR)

(R&D in 2009 – 2016)
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SUNRISE-3 (Balloon)
Method
• Near IR spectro-polarimetry from space
• Zeeman effect for upper photosphere ~ 

lower chromosphere

CLASP1&2 (Sounding rocket)
Method
• The first experiments of spectro-polarimetry in 

UV
• Hanle effect by B in upper chromospheric ~TR 

in scattering polarization

Chromospheric diagnostics�

A new diagnostic window�

Experiments for chromospheric magnetic fields
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SUNRISE-3/SCIP (2021)
Sunrise Chromospheric Infrared spectroPolarimeter

Science goal
• Measurements of 3D magnetic structures 

from the photosphere to the chromosphere 
along with T and V.
• To reveal mechanisms of chromospheric 

jets and propagation of MHD waves.

Instruments
• High-resolution (0.2”) and precise polarimetry 

(0.03%) in multiple spectral lines (Ca II, K I, 
and Fe I lines).

 0
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 0
00
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DKIST (Daniel K. Inouye Solar Telescope )

4m telescope in Hawaii, First light in 2019
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What can be acquired with high resolution 
spectro-polarimetry in small FOV?
à Determine toward space-borne spectro-

polarimeter in the future.

Coordinated observations with EUVST 

Japan: DKIST task force (Asai)



2. Spectroscopy in EUV

• Mass and energy transfer in upper atmosphere
• For bridging to the heliosphere
• Solar-C_EUVST in 2025
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Solar-C_EUVST mission
= Solar-C EUV High-throughput Spectroscopic Telescope
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• Down-selected as one of candidates for competitively chosen M-class 
mission with Epsilon rocket, to be launched around early 2025

• Synergy with PSP, SO, and Mio for the Sun-Inner heliosphere investigations

IAPS

Slit-jaw imager

Mirror assembly

��

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     



Sun Earth

Science goals of the mission
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• How the plasma universe is created and evolves?
• How the Sun influences the Earth and other planets in our solar system?

Energy and mass transfer and energy dissipation 

The importance of observing the solar atmosphere

2019/4/22

The interplay of magnetic fields and plasma creates behaviors
Quasi-steady:  corona, solar winds
Transient:   Flares, CMEs 



Solar-C_EUVST: Scientific objectives
I. Understand how fundamental 

processes lead to the formation 
of the solar atmosphere and the 
solar wind

160000 km
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Photospheric magnetic field

Lower chromosphere
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Transition region
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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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Low-b Corona (>1 MK)

High-b Photosphere (6000 K)

With too different spatial resolution, impossible 
for the existing instruments to trace the energy 
and mass transport toward the corona.
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II. Understand how the solar 
atmosphere becomes unstable, 
releasing the energy that drives 
solar flares and eruptions

Hinode/EIS 
Resolution ~ 3”

Hinode/SOT  Resolution ~ 0.3”
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Source regions of solar winds
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(Teriaca et al. 2003)

(Hahn and Savin 2013)
Still under debate: 

polar plumes vs. inter-plume region 
(for fast wind)

persistent flows at edges of ARs vs. 
steamers in higher corona 

(for slow wind)

signatures of coronal Alfvén waves in plume and inter-plume regions

High throughput for faint source regions



Ideal MHD instability

Flare trigger

Reconnection
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I. Understand how fundamental 
processes lead to the formation 
of the solar atmosphere and the 
solar wind

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

Solar-C_EUVST: Scientific objectives

High resolutions (0.4”, ~10sec) to diagnose 
reconnection region structures (narrow FOV)
èacceleration, turbulence, shock, heating

Petschek v.s.  Plasmoid-unstable reconnection

Higher cadence (~100sec) to track dynamics 
in large-scale structures (low spatial mode)

High resolutions to identify the first trigger either 
in chromosphere, transition region, or corona.2019/4/22



Approach to tackle the scientific objectives
EUV spectroscopic telescope 

with three significant advances  

A: Seamlessly observe all the temperature regimes of the 

atmosphere from the chromosphere to the corona 

simultaneously at the same spatial resolution 

(10^4-10^7 K)

B: Resolve elemental structures of the solar atmosphere 

and track their changes with sufficient cadence

(0.4”, 1 sec exposure) 

C: Obtain spectroscopic information on dynamics of 

elementary processes taking place in the solar atmosphere 

(V, r, T, composition, ionization etc)

212019/4/22
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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. 

 
�spatial & temporal resolutions, temperature seamless coverage)
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Discovery 
Space

captured in observations
Spatial resolution: 0.4”
FOV:              300”x280”

(x7 Hinode/EIS)
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Effective area vs. wavelength

x10 
Hinode/EIS

x30 
SoHO/SUMER

Count rate 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 cm2 is related 
to the radiance, L, in erg/s�cm2�sr 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/arcsec2) 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~arcsec2.  

 
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/arcsec2) 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. 

(a) (b) 
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 - Wavelengths: 17-21.5nm, 
46-128nm

Spatial resolution:  0.4”
FOV:                 300”x280”

• Single-active-mirror telescope (an 28cm-diameter 
off-axis parabola with pointing capabilities)
�Slit/TVLS gratings/large-format detectors (CCD, IAPS)
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IAPS

Slit-jaw imager

Mirror assembly

��

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     

• EUVST mounted on the spacecraft bus
• Total mass about 517 kg
• Epsilon vehicle is used to install the mission into Sun 

Synchronous polar orbit.

Launch in 2025



3D structure of the
Inner heliosphere 

Credit: NASA/JHU APL

“in situ” measurements

Parker Solar Probe

2019/4/22

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

“in situ” measurementsSolar-C_EUVST
(2025~)

IPS
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Parker Solar Probe (NASA)

Characteristics�
• 9 solar radii form solar surface
• Launch in 2018 summer and first 

close approach in 2024
• In-situ measuring instruments

Scientific objectives�
• Origin of solar wind

Solar Orbiter (ESA)

Characteristics�
• Out-of-ecliptic viewpoints �up to 25�of 

solar latitude until 2027, 0.3AU at the 
closest approach�

• Launch in 2020
• In-situ instruments + many remote-sensing 

instruments
• Moderate instrument performance

Scientific objectives�
• Coronal heating, solar wind, solar dynamo

Orbit of Parker Solar Probe Orbit of Solar Orbiter 26

NASA and ESA missions in 2020s
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Height dependence of transverse 
velocity amplitude in fast wind
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(Cranmer et al. 2017 SSRev)

Time variable, dependence on the location of source regions  etc. 
Solar-C_EUVST: high throughput

PSP, SO, Mio



EUV spectroscopy to provide plasma conditions 
at wind source 
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(Brooks et al. 2015)

Plasma composition

Doppler velocity at 2MK

with magnetic field overlaid

Slow SW sources overlaid 

on AIA 193 intensity

From Hinode/EIS Full-Sun Mosaic mapping

Connect to 

in-situ measurements



Inner heliosphere MHD modeling
• Inner boundary condition: B

• R=25 Rs
• Given by a synoptic map of the 

photospheric magnetic field 
(observation, 1Rs)

• PFSS model (current-free in 
corona)

• All field lines open out at source 
surface (2.5Rs)

• Extending the radial field to 25 Rs
• Expansion factor fs from 2.5Rs/1Rs 

• Inner boundary condition:  V_s
• Solar wind velocity map, by an 

empirical WSA formula
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(Shiota, Kataoka et al. 2014 Space Weather)

(Wang & Sheeley 1990, Arge & Pizzo 2000)

!"# $" = 267.5 + 410/$"0.1

Sector boundary of interplanetary field

Solar wind velocity



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

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

Science objectives

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

EUV high-throughput Spectroscopic Telescope
to quantify how mass and energy are transferred 
with 1st-ever capabilities to 

Astrophysics
Plasma physics

Geo-space physics
(Space weather)

Close connection to

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 evolutions of elementary structures 

C)   Spectroscopy
Determine the physical states of the targets 
(V, r, T, composition, ionization) 30



3. Longer-term future prospects 
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Future plans following the Solar-C_EUVST around 2030s and beyond

They are defined by not me, by younger generation.
My role is to help to define the future directions with 
higher reality. 



    

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 sounding rocket (2015) 

SUNRISE-3 balloon (2021)

Solar-C_EUVST (2025)

CLASP2 sounding rocket (2019) 

Hanle, UV

Hinode 2006 –(2021)

• >1m space telescope (2030s~)

Diagnose solar magnetism

Explore technique for upper layers

at 
Photosphere

Photo-chromosphere
Scientific contribution to large
telescopes (DKIST) (2020~)

Seamless coverage from coromosphere to 
corona/flare, high spatial/throughput

Coordinated

Super high resolution

Toward upper atmospheres
magnetic field (spectro-polarimetry) and seamless (spectroscopy)

Now

EUV spectroscopy for uppler layers

Options after Solar-C_EUVST

• Polar regions from out-of-ecliptic 
vantage point (2030s~)

• PhoENiX (2026~)

High precision, constant, large FOV

Solar cycle, connection to heliosphere

Particle acceleration in MR
Not restricted to solar physics2019/4/22 33

Priority has not yet been determined


