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K&Z D+ DD ERE (Sun as itself)
L7 . TSRAIRE. EBHTSIXATKKMEA. ERA. ¥ (T E...
TS5 ATEERZEELLTOAKFE (Sun as a plasma laboratory)
M)axroi 3y, RiFmiE. MHDIKE). MHDELFR. ..
ELLTHOKXEE(Sun as a star)
GE T %5 2 ) HE
REZRHPILELLTOKE (Sunin a planetary system)
FHAR. FHIRER. E9MR-REHN-FTER

Equilibrium

mass ejection

+ convection convection
magnetic buoyancy

Tajima & Shibata (1997)
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—

= -.~~ "~~

T~10°K

*Transition region

— (-

“Upper chromosphere

T ~10%K

A Lowgr ch-romosphere

T ~ 6000 K
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3
@
5
S 5 _
E 10 z ]
5 r
=y
E
s
1134 o =
..................... no heating
[ 1 | | Y 1]
0.0001 0.001 0.01 0.1 1 10

(r/Re) — 1
(Cranmer & Winebarger 2018)
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L7007 EERE (CME)GEDHRTIATERRRIT. EDL
EFHDELETNDORETHOMN?

NGEEND RN RERIEE) (115) PARAIZEE) (MaundertB /N &)
(itidgd::)fcﬂf%*%f%i'd'éd)b\ ?

l

.........

& ¥ .

‘rth—Directed CMES

(credit; §HE{&E L, Solar-C_EUVST team)
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Hinode (SOLAR-B)

Yohkoh (SOLAR-A)

Hlnotorl (ASTRO-A)

Solar-C_EUVST

1900 kg
Launched in 2006 Sep

390 kg

Launched in 1991 Aug | General solar activities
of magnetized plasmas

188 kg Particle acceleration

Launched in 1981 Feb |and plasma heating
in solar flares and

Particle acceleration general coronal comen
and plasma heating activities i
in solar flares S

Launch planed in 2025

Domeless Solar Telescope (DST) since 1979 Nobeyama Radioheliograph (NoRH) since 1992
Flare, filaments, surges chromospheric dynamics Flares non-thermal emission, prominence eruptions



dN / dW per day

JIAHMND>TULT, fIA LN >TULELDH 1/3
Wi ESIRE (ERN—FIRE) TIX. HoPSEAT-SESFLHRBETH K IR
4733 (ubiquitousness of magnetic reconnection)

ARSI L TEAHICENSOS VDI EDEEMNHEDH, Hh->TLY
BV BINRT—ILTHOREBINITEAELGEN=O,
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=]
3

_.
cI

06:52:02UT 07:00:34UT

11-Jan-1992

]
==

na
o
—r

r
=]
T

- Scaled Total Energy Loss

ik
(=]

=

HiC Fe XII

=+ (Tsungta+ 1992)
—

1) 9218 i
--. v
03:10:30 UT 04:52:22 UT 06:35:30 UT 09:06:42UT 3 (Cirtain+ 2013, HiC rocket)

(Shibata+ 2007)

’

(Shimizu+ 1995)

e Radiation + Conduction

Thermal Energy Content

10 10 1 10
Estimated Event Energy (ergs)
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MHD; R &) —Alfven;E -l B EDREE L IILT =,

L\2IES . BLEBMARINILDEE LD +57, NEEEF THRELIA
O=OICIX. EE-BRE-OOTRITOERKE. ERBTOARIL
ILEENE,

Hinode/SOT ~0.3”

" Hinode/EIS |
| Resolution ~ 3” I

Pra— - -:‘(‘.'_._ -~ }\—vﬂﬁ-
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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

IL7ICBITAIRIILEF—FEROF LT
DOUP R ARD A THBHC
ENZIFEEFRIN TN,

LAL. BRI RILE—DTEESHIEER
MEIRIILEF—HRFINRIZEPEIN
5h . TDILRERE (X LD, MNiE
NG DOEEIZEM S REANE,

1000

980

18-22 keV

920

@
900

2
0
180
160
880

o (=]
< [
- -

RHESSI HXR (contours) and SXR (color) s x .:ﬁ:_:j:" : 10
(Battaglia & Benz 2006; Krucker+ 2008) '
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BepiColombo/Mio (MMO)

KBS R A

[Ad5 ] mmo)

Solar Biobe

. s 65Rs — 100 Rs @Mercury
' ) ~ Credit: NASA/JHI pIop g
— P iy “in situ” measurements
Solar-C_EUVST TaEE T4
(2025") 8.9Rs (closest @ 20257)

“in situ” measurements Solar Orbiter

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

2026~
(20267) Coronal image/spectra,

photospheric magnetogram

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

<0.1arcsec photo/chromosphere H




A REERS (KEHHE)

Japan Solar Physics Community (JSPC)
19944 5% 3L . K B#52004 (RIZEAKRBIZ =T LR —
(REEMTY M FOHFZOSMLED, )

W (ZEEARSM) . BEEZER (114 &F, TH4F)
2K HIURHA, Blsk FKES-—FEFE

JERETEID K TE
KIGHHES VR (F1ERE)
S ETE S AR (R, 2012, 2015, 2016, 2017)
EEERERCHOEDREZTR THRETEIR(2018.2.20)
P RBIAI—T IV, FHM IEREEZ TR
REMBRIE. DT ICTRAARH(XEIZKYREARTE)
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2018F 220 B#a&ER (3 ) -
KNiGHhEELELTOARE

LTE. KIEHHELLTOEARMGARMEELET,
o NERUNBISYSIUIZDNTIE, EUVSTZE X9 5,

PhoENIXIZDWTI&, 2y arERIZAITTERMRESZ1TH LR
XEFELTULVA]

F1-. EUVSTUZDIY a3V -SFAIEEEIZOWWTIE., REIEREZEH
BELEORETHS.



E| [R5 - NGSPM-SOT

JAXA/NASA/ESAIZ &Y RS- R KGMES v a HEHE
& 51F—.L (Next Generation Solar Physics Mission Science
Objectives Team) $R& (2017/7)

Higher priority of notional instruments Constellation of small/med-class

missions aru_nd 2025.

Y 4
Solar-C_EUVST

0.3* coronal/TR spectrograph (T-9) as JAXA competitive M-class mission

seamless plasma diagnostics
through the atmosphere

~ Corona+

0.1” = 0.3” chromospheric imager : Spectro-polarimetry:

and magnetograph (T-4) CLASP (UV), Sunrise-3 balloon(1m)
0.1” photospheric magnetograph (T-1) > Closely c.oordm.ated
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

14
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JAXA Epsilon vehicle

Solar-C_EUVST

Spacecraft installed
in the fairing envelope,

>/
\\:\u&

Weight 520-550 kg

Buprey

~AO—F
Payload

= WOHSE

T
(KM-V2c)
Third Stage
Solid Motor
(KM-V2c)

| abeys piyL BB

m2EE

: S
(M-35)
Second Stage
Solid Motor
(M-35)

beis puooas FBOW |

mEaE

=
(SRB-A)
First Stage
Solid Motor
(SRB-A)

abesisuy W

Sun synchronous polar orbit (>600 km)
High pointing stability, based on Hinode knowledge

(credit; Shimizu 2019)




Soar ey

F

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) 17



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
10000F 4 L A T R TR £ 30 R
— '-.,,.i v 105;_ (b) g _;
i X40 E a ':' a o E
1.000 k- - {4 o ..l o a % ]
3 "a, SOHO/SUMER E o 104!' A = o = EJU =
F 1X10 ] 5 k%237 oa  [28° oo
[ 1 4 ] c 103 - L) o 4 o -
0100 inodey/ElS f_"“\1 = T Av < 2km/sea,”s 5 b;: oo
: 1 € 12 T L bbbk . "g'g;“é"";
i — EUVST === | | F 3
0010 N N HINODEEIS— |4 & 2GS =55 | & :
F —— SOHO/CDS 1 O 10k® AR (log T <6.2) tep=1s | o .
i 3 E ©ARcore (log T>6.2) texp=15 ® 3
0001l SOHO/SUMER——| F |0 GOES CH flare toxp = 0.5 S| ]
. il [ TR 1 P [ 100 L L L L
20 40 60 80 100 120 4 5 A 7
Wavelength (nm) Log (T/K)

- A variety of spectral lines, seamless access to plasma
temperatures from 0.01 MK to 20MK
(credit; Shimizu 2019) 18



s

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%* - 10%’ erg.

HiC Fe XlI

<

~ ~ 2/ 15”
Yohkoh/SXT ~3” 107erg - ” Spatial Resolution 0.4”
03 Hinode/XRT 1.5” ~10%erg P :
N 100 Temporal Resolution 5s
¥t Shimizu 1995 | - Uemura 2018 N
AL by oo ~10%*erg Testa et al. 2013
10 - & 10°F i
B s % = Y\ comparison
% 107 F E % ()] N\ ~ \
: g 1% 7 c N
- 10-2?_' - g 8 \\\\\
- Radiation + Conduction z 3 \\
1028 ----- Scaled Total Energy Loss - = 10 ] S obs
v i Thermal Energy Content ] ‘%’D S
o 10% 10 1 10 1030 10%0 i i e —  LogllEnergyl 19
Estimated Event Energy (ergs) 10% 10% 10% 107 102 102

thermal enerav [eral



C_EUVST
Scientific objectives @-'_

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

Ideal MHD instability

A Rising plasmo
I

Hot ridges
I (not seen by SXT)

Fast bow shock (SXT,15 MK)

\ Upward reconnection outflow
I Separatrix lines - 1000 knvs

Reconnedtion (A)

Isothermal slow shocks

I Hot ridges(SXT,15-20MK) AN
A \
A I % lﬂ& Downward reconnection outflow

I Cool channel /?"“-\ Iy,
| I ::‘:;II loo.dc I ( ( C )

I (Bﬂg:thX‘l’ploop) A A Fast bow shock
i i/, mx*r. 58-90MK)

1 , ‘ ‘

\

Flare trigger :
i ger 20
3/IPELS 2018 Sallar-C_EUVS I e (D)




Extreme UltraViolet
High-Throughput

Spectroscopic

Solar-C_ EUVST &M 177 roescope

v VDD THE (2006 M 5IHE)
v IRISTEZ (NASA) ~DERAFFS - 15 5RE A
v i EAMKISE5EZEDKISTADRIFIRES N
« UMD T-Solar-C_EUVSTED 1A% A Il%ﬁ?&zo
v ALMA Cycle-4 &Y K55 :8IBA1E

« Science VerificationZ7z—X TOD Bk, BADAZI A =T SILEH
D7akR—5FIL




8, [6)

—\®

a07 - (EE) - LGS RORMHDET L

Rempel (2017)
#FR5TMHDaI—KMURaM (Voegler+ 2005; Rempel 2014) ##i3EL . I

AFZRZASHELIITHR (AlfveniRE . BUREDRFRIKRLNZIXR),
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Solar-C_EUVST®DXIZM]ITT

v' CLASP(2015). CLASP2(2019) A4y hEER
«  KIE¥EDOEELRIL -Hanleh R DRI RIS
v' FOXSI-3 B4y F3EER (2018 NASAE E)
o EXR2RTESIRB S IEHAIZHITI, PhoENIXA,
v ImEE#HESunrise-3TBkEER (2021 B X) . ERDRAL D .

v EBIEREH1IMUV/IVIS/IREZEFZFEHA
v BEEERESYYaY KiGEENS D B EFR EHIGER A

0.l (cAred'it: MPI)



HFIME SIRILF—HF (ERSNZHTF) FFHOEDGFATEREIN TN,
[BIRILF—HTFOERE>MIN? | EOWSHERFFHEZ(CHITDRERODH#B THD.
—73. BRUIROS 32 (IIERERE (B, 2K, &LREE) ZEHHLUPT 0 FEE.
HIBERIESUE. KI5 T L 7IRECHNT, UOARTZ I ([THIIMEBEFHERI=NTNS.
LU, ZONLREIRIREFRATH D, SEROMFRDERMSFTFEN TS,

P h E N IX @ https://www.phoenix-project.science/
0 I (Physics of Energetic and Non-thermal Plasmas in the X-region)

Science Goal (F=v>3>ORRERZIAER) | mﬁ”@%“ 2,
BE D ORI S 3 SIS MFIEDER Ty, s M NS T
. sk
Science Objectives (X=wv >3 >ODOHZFEEMN) 7N b

AEBEILF7EMRIC, BKYIRTS 3> ROMESFIZRDIAD [where]
KBTI L 7axisk(c, BKY RIS 3 > PROIERFOREFEODHAE [when]
KRBEILF7ZR&KIC, BRYIRIS 3 > ROIMERFOIFEHOIEIE [how]

MoyC A5, 2000, TR MR CRLER: e B Significant electron acceleration
VAN, | A 2 . (;l:()TllL/LE}‘ ~5 M
i 3

_Mafjneﬂc
~Fie

#Hard X-ray
/ Bources

oft X-ray Scurce

A 1 Ta lwadF!
vy o

Kbz L 7

HIBRES B X-line TONREF MNCEEDH R IL T 75



REVRIEEE D — il

% ERFEET T U CHD. HiE. BERSICHAITERAEZED TND,

X BUBRO NS (0.5 keV ~ 10 keV)  BXBUIBHOKES (5 keV ~ 30 keV)

seifle aA08Y8 JUBIBLIP YHM
uibew) Aed-x 1J0S oM |

SEOIR DAI1084S JUBISHIP YHM

sJalawoJloads Nuibewl Ael-¥ pJey om ]

S X AR = S — f - BEEXERANSS—
ERISREE : < 1 IR (so—tn) / § . 4§ D ZERINMREE : ~ 8 1M (FWHM)
{EEYEL : 104 @ 20 arcsec 7 C:’/o “ § (BUAIOS v h3EER FOXSI DRbitiz &)

Jalawlie|odoJioadg Ae/-ewwer) 1105

4 Solar Array Paddl;/

ERE - MXIEHAS / \ BRE - ﬁﬁxﬁb%v
%@ﬂﬁ%@cﬁost\/ﬂ—%ﬁﬁﬁ J7 4> EYF CdTe Rihdn% EH
(BBAIOS 5288 FOXSI-3 THilizZsE) LT e AN )

MyBEADNEE  Si/Cdle I>T b NAS
fRYGAIE : > 60 keV

(20 keV ~ 600 keV) " iomeiasio sep okiiazm) 2




2030 FERFETHO—FTVYITE

AL LY EZRTA HZZH(RA DK D DimE > — L L XIZ(9 )
HIRT DRIZD!

FOXSI3#ERAI O 7 »

o = E% (2018)
- g | Hxi 0 0 F Ak
_— . TR "
U\O)'C 2006\(20;1) SUNRISE-3SUBRSEEA (2021)  3f5 41 K % 53 8 (DKISTES)
k- %W~¥2§®3D§Z)&ﬁ /\wf_l,%mﬁhu (2020™)

KR DOBIS 2K

UVEIEE L3R - EBR TOFEE
CLASP1£R: IO 4 v b 3EE& (2015)
CLASP2#R:8I O 4 v 3288 (2019)

Em%f&ﬁ‘p‘cfﬁ
X EHH s

Soiar—C EUVSTULBE: %R A MRl AE
AT IR TS PR

emﬁ

838 A

LZEARD #35*%? > LM (2030L45%) -
AR KBRS g\\\ﬂ

Solar-C_EUVST (2025) « AER/PRIPhoENIX (20277
ER~an04 - 7L T7OBERMED A MRIZH T B RLFIEDIEAZ -

W BRI DRSS K EH O EE 43 B35
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Fi#5 (B¥5) vs XEESLE (Wright
& Drake 2016)
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v, at r=0.95R,
Case Medium

—48-200 20 40

B, at r=0.72R,

76 [Mm]
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-10-50 5 10

t = 0.00 min.
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