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» Key observations * Mission instruments
v How the mass and energy is transferred ¥ EUV high-throughput Spectroscopic Telescope (EUVST)
through the whole atmosphere v" With Solar EUV Spectral Irradiance Monitor (SoSpIM)

* Much advanced EUV spectroscopy

v' Temp coverage: 1074-1077 K

v' Spatial resolution: 0.4”

v High throughput: x10 ~ x40 higher (Temporal
resolution: 0.5-sec cad.)

Strategic coordination with MUSE and ground-based
observatories

<

 Latest status and launch date
v" In transition to Phase B (development test phase)
v’ duby2028 4RV o0a0)

November 2028

(Source: T. Shimizu)
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JAXA Epsilon-S rocket
(= IHI Aerospace after 2025)

Spacecraft system h

O EUVST mounted on a spacecraft bus, to be launched o
aboard an Epsilon-S rocket into a sun synchronous i
polar orbit (>600 km).

Buuie QAT WA

Spacecraft installed
in the fairing envelope

Weight 550~600 kg
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b S

sbeisiuy jp-m

Sun synchronous polar orbit (>600 km)

High pointing stability, based on Hinode knowledge

(Source: T. Shimizu)
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Slit assembly:
1) Set of 5, 280" long slits:

¢ Science slits: 0.27, 0.4", 0.8", 1.6";
¢ Calibration (wide) slit.

2) Slit exchange mechanisms (main and Slit Jaw Imager
redundant), and associated controllers

Telescope structure (CFRP) |
Green by Japan
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Spectral irradiance monitor

Aperture door

Spacecraft bus

E-boxes (Spectrograph, Telescope) etc.
B=

Truss support structure

LW IAPS Camera & radiator panel

Guide telescope

Grating assembly
l I Slit assembly Ultra fine sun sensor SW CCD Camera

l I Pre-slit & radiator @esa
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SOLAR-C Int’e’l"patleﬁﬁl Manageme% €

INTERNATIONAL MANAGEMENT

= [nternational coordination at three layers. # NASA. ESA DLR. CNES. ASI. SSO

JAXA Agency round table (ART) Other funding agencies®'

Role: To oversee the entire project from

; ‘ agency level, and coordinate the issues - agency representative
Agency FEPIESCIEATVE escalated from the ISC into the ART.

SOLAR-C Project International S;clesecl:’;ng Committee Each project/institute

Role: To review the project status, adequa

resolve issues, steer the entire project, an |

maintain the scientific integrity of the mission
through the build and operation phase.

Science Working Group i
(SWG)
Science Community Role: To work as scientific advisory Science Community
committee to the SOLAR-C project
(Japan) and steer the scientific community to (US, Eu rope)

maximize scientific outcome.
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T.Shimizu (ISAS/JAXA) 2022.2.7
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= To review the project status, adequately resolve issues, steer the entire project, and maintain the
scientific integrity of the mission through the build phase.

= Proposed members

= JAXA SOLAR-C project and their counterparts at each partner (institute for hardware development)

Japan JAXA Project Manager Toshifumi Shimizu ~ Managing the entire project, Chair

Japan JAXA Principal Scientist Hirohisa Hara Responsible for telescope development

Japan JAXA Project Scientist Shinsuke Imada Responsible for assessing science values, Bridge to SWG
us NASA Program Scientist Simon Plunkett Coordinating for the whole heliophysics

us NASA Mission Scientist Sabrina Savage For EUVST

us US Principal Investigator Harry Warren Responsible for the US components (NRL+LMSAL)

us US LM Lead Bart De Pontieu Responsible for LM components, coordinating with MUSE
Europe ESA Project Manager Brian Shortt Responsible for UK SW CCD

Italy Italian Principal Investigator Vincenzo Andretta  Responsible for Slits Assembly

France French Principal Investigator Frédéric Auchére Responsible for Grating A bly

Germany German Principal Investigator  Luca Teriaca Responsible for MMC, PSHY, and TV calibration
Switzerland  Swiss Principal Investigator Louise Harra Responsible for Irradiance Monitor (SoSpIM)

* Secretary (Japan): One young scientist (Shin Toriumi) from JAXA for meeting arrangement and minutes

* Closed meeting, invited only for guests.
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SWG members
[Country [Name —— [Position/Role |

Japan (5):  Shinsuke Imada (Chair), Univ. Tokyo Project Scientist ISAS, SWG Chair
Yukio Katsukawa, NAOJ Data Calibration (Instrument point of view)
Ayumi Asai, Kyoto Univ. Coordinated observation with GBO and other satellites
Shin Toriumi, ISAS Mission Operation and Data Analysis
Satoshi Masuda, ISEE Nagoya Univ. Solar-C Science Center
Secretary  Yusuke Kawabata, NAOJ Young Scientist from Japan

(Ready for the next generation)

Us (5): lgnacio Ugarte-Urra, NRL Scientific Leadership from US-side

Bart DePontieu, LMSAL Coordinated observation with MUSE
SJI Scientific Leadership

Sabrina Savage, NASA Coordinated observation with GBO and other satellites

Viggo Hansteen, LMSAL

David Brooks, NRL EUVST Scientific data analysis tools

ESA (3): Krzysztof Barczynski, ETH / PMOD SoSPIM Scientific Leadership
Sarah Matthew, MSSL Data Calibration (Instrument point of view)
Tiago Pereira, Univ. Oslo

Collaboration with numerical simulation research

Collaboration with numerical simulation research

Marie Dominique, Royal Observatory of ~ SoSPIM Scientific Leadership

Belgium

Clara Froment, CNRS/LPC2E Scientific data analysis tools
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 JAXA System Definition Review (SDR) completed in November 2023
* Working towards system PDR later this year
* Launch currently scheduled for November 2028

* Mission duration: 2 years (nominal mission) + 4 months (commissioning)

PROJECT: SOLAR-C

. RSC-2022032
PREPARED BY SOLAR-C Project Master schedule for Nov 2028 launch
DATE: 5 Nov, 2023 Critical path Backup period
NOTE: Ver.18 (launch target for Nov 2028) (All parties meet, JAXA SDR baselined)
FY 20177 [ 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030
CYy | 2017 2018 | 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Milestones PreAlb PrePhase A2 PhA1 Phase A2 Phase B
JAXA Seloction
Review point A‘O . A | A A A A A A A
roposa ERHPRE MDR SRR SDR System FDR Sysfem CDR PARIPSR  LRR BTEEERERFE
JuZa .
Scrutiny of financial condition :J::A sodn & S broiect 14
JAXA Project team
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Objective I: Understand how
fundamental processes lead to
the formation of the solar
atmosphere and the solar wind

Objective II: Understand how
the solar atmosphere becomes
unstable, releasing the energy

that drives solar flares and
eruptions

Fine Structures
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A) Seamlessly observe all the temperature regimes of
the atmosphere from the chromosphere to the
corona, simultaneously and at the same spatial
resolution.

>

10000 km

(Temperature range: 10% - 107 K)

B) Resolve elemental structures of the solar
atmosphere and track their changes with sufficient
cadence.

o
s

(Spatial resolution: 0.4” (300 Mm) at < 1 s exposure

Upper chromosphere

2000 km

C) Obtain spectroscopic information on dynamics of
elementary processes taking place in the solar
atmosphere.

Lcl‘wer chromosphere ~

(Velocity, density, temperature, composition, TR 15g|;enc
ionization, etc) P s Y
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Four wavelength bands in the FUV/EUV, covering the ranges
170 - 215 A and 460 - 1280 A, with sufficient signal to allow
full plasma diagnostics throughout that range

Spatial resolution: 0.4”

Field of view (through scanning): 300” x 280"

Esposure times: aslow as 0.5 s

Slit-jaw imaging of the photosphere and chromosphere (as

done in the IRIS mission)
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The EUVST spectrograph=

Wavelength range  Ne VI

caxiy HI Fe XVIll C Il H1 ovi SiXll  Wavelength range
46522 943587 97258 974.86 977.02 102572 1031914 520666 maximum £
1043.2A
cn
103634\,

or Wavelengthrenge Fe IX _FeX  FeXI CaXVil CaXVll CaXV  CaXVl FeXiX Wavelength range etector minimum
Edge  minimum 171073 174.531 180.408 192.858 192358 200972 208604 211.317 maximum E 9276 A
635A 170A 21234
Feo XXIV Fexil \ FeXil l
19203 195119 | 202.044 .
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: 64.8628 mm (=3884 pix*16.7um/ix) !
Wavelength range Fe XX NIV Nevill FeXxl o FeXXll Wavelength range De Wavelength range Fe XIX H, Hel  CINl FeXX  SiMl HI  Wavelength range
minimum 721559 765147 770428 786.162  790.199 84557  maximum d Minimum 1118.07 116385 58434 1176 592236  1206.502 1215.67 maximum
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64.8628 mm (=3884 pix*16.7um/pix)

The SOLAR

64,8628 mm (=3884 pix*16.7um/pix)
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‘ Boundaries for SNR=0.1 ‘

W
200 counts s™ arcsec” 2000 counts s™ arcsec” '\900
0.1
- S§S (siﬁ andstare)UItraFast 00\‘\‘(\\%
10E ™ Nanojets/jetlets >
. Waves
R . it and
- M AR heating (nanoflares) ~ e P
- ) ) AR Ultra Fast ‘(\\5
= M Flares (impulsive phase) N
» == _ Dynamics Fast
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i 100.0
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Synergies W|th cheF'S’pace mtts?to% =

2018 2020 2022 2024 2026 2028 2030

w Cruise Nominal Extended
Solar Orbiter %/Mm L L L L
MUSE
SOLAR-C

2018 2020 2022 2024 2026 2028 2030
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Synergies with MUS
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(Source: T. Shimizu)
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Spectrograph i

\—L Radiance [erg/s-cm?sr] Ch: 1
Ion ‘Wavelength [A] Log T[K] Qs AR Flare (0:(;1;";
(GOES CL.1)
H, 1163.85 3.60 — 193® — LW-3
HI 1215.67 430 65000 | 2200000 >AR LW-3
HI 1025.72 430 793® 6253® >AR LW-2
HI 97258 430 139® 14520 SAD: W2
(b) (by () - =
St Deses e el EU\V/ Spectral Rasters from 37 slits: 12s cadence for 1707x170” FOV
CII 1036.340 455 40® 290® 1690™ LW-2 0 olution
CII 977.020 430 R0 3666 58700% LW-2
CII 1176.0 (6 lines) 430 221© 323@ 213100 LW-3
NIV 765.147 5.10 679 1429 5750 LW-1
[ 790.199 (2 lines) 505 330 184® 8900 LW-1
SV 786470 520 279 61@ 1760® LW-1 g -
O VI 1031.914 550 328@ 24600 3110™ LW-=2 -
Ne VI | 46522 575 120® 989®) 4760 IW-2 (2) ] , . } "
Ne VIII | 770428 585 540 600" 3170® LW-1 Fe IX171A (0.7 MK) #Fe XV 284A (2 MK) Fe XIX 108A (10 MK) Fe XXI 108A (12 MK)
Fe IX 171.073 5.90 392 3400@ 30600 SW I
FeX 174531 605 4060 | 53300 L6300 Sw EUV Context Images: 4s cadence for 580"x290” FOV
Fe XI 180.408 6.15 251© 4380© 133000 SW = ; ;- L
Fe XII_ | 195119 620 1749 | 38900 123007 SW 0.33” resolution (10s for 580"x580")
Fe XIT | 202044 Wl 625 419 1248© 3960 SW p
Si XII 520666 N, 625 226 11300 6790™ LW-2 (2)
FeXIV | 211317 N30 739 17200 10500 SW
CaXIV | 193974 6.0 | 312 766" SW
CaXIV | 943587 655 TN — 730 13® LW-2
CaXV_ | 200972 6.65 = 239© 7510 SW
CaXVI | 208604 6.70 — © 946 SW 2 2
Ca XVII 192 858 675 _ 147 3780M SW He II 304A (01 MK) Fe X” 195A (1 5 MK)
Fe XVIIL | 974 360 6.80 — 880 m W2
Fe XIX | 592236 7.00 — 930 15300
Fe XIX | 1118.07 7.00 — 8.6 15000 LW-3
Fe XX__ | 721559 705 — — 1580® LW-1
Fe XXI__| 786.162 7.10 — — 178® LW-1
Fe XXII | 84557 7.10 — — 2180™ LW-1
Fe XXIV | 19203 720 — — 18100® SW

[ Q\CNRIFN
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Objective I: Understand how
fundamental processes lead to

the formation of the solar
atmosphere and the solar wind

Objective II: Understand how
the solar atmosphere becomes
unstable, releasing the energy

that drives solar flares and
eruptions

Waves ' Fine Structures
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R e~

Sources

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

Objective II: Understand how
the solar atmosphere becomes
unstable, releasing the energy

that drives solar flares and
eruptions

‘ Objective 14 Understand the source regions and the
acceleration mechanism of the solar wind.

ey | Obicine e 1960 senatures of ol oy vt
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Synergies: Objectivert=4 (Solar Wind)®
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- The source regions of the fast and slow solar wind are still under debate.
- Scenarios: plumes, inter-plumes, jets (fast wind), interchange reconn., ARs, streamers (slow wind).
- Challenge: very long exposures needed to observe faint, open-field structures.

- Task 1: Observe v, T, N, and composition of < magnetic field structures

- Task 2a: in plume and inter-plume region

- Task 2b: Measure with height MR-4: solar wind [Req.: 0.02-1.5MK]
1007“‘7 IogTLlnes

sw 1 440 H11215.673A
/1 1 4.50 He584.334A
Lw2 | 4.66 Cll 1036.337A
LWs 1 4.80 Silll 1206.511A
1 4.94 C1ll977.020A

4.94 Cll 11757114

KEY FACTORS
- Comprehensive temperature evolution
- Throughput (x10) = weak sources

5.48 O VI 1031, 9264
5.48 O VI 1037.617A,
5.72 Fe VII 185.213A

1 5.90 FelX 171.073A

Normalized Emissivity
o
o

- Synergy with Solar Orbiter and Parker ] 590 MgV 0A
1 5.92 SiVIll 944.470A
6.04 Fe X 174.532A
1 6.04 Fe X 177239A
6.12 Fe XI 180. 401A
6.18 Fe XI1 195.119A

001l 0l

(Source: I. Ugarte)
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- Lack of spectroscopic monitoring of active regions in timescales of minutes over full T range.

- Flare predictions based on magnetic field!, but spectroscopy mostly untried due to the absence of
suitable data-sets.

- Task 1: Monitor long-term, large-scale evolution of ARS = spectroscopic signatures of E buildup.
- Task 2: Characterize the dynamics of small-scale magnetic structures that trigger eruptions

MR-6: eruptions [Req.: 0.02-2MK]

100 1 5% Hi 2156734
KEY FACTORS . [\ SW 3 480 Sill'1206.511A
. . [\ w2 1| 494 ClII977.020A
- Comprehensive temperature evolution z \ Lwa | 220 Olv790.199A,
- Throughput (x10) = fast cadence (0.5s) g { 5.90 Fe IX 171.073A
. . T \\ 6.28 Si Xl 499.401A
- 0.4” resolution = fine structure g 0.0 \ .
- Slit-jaw imaging = morphology + alignment E \
\
pd
ootL..[.[.. . L ‘
7 8

Log Temperature (K)

(Source: I. Ugarte)
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Thank you for your attention
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