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Knowle,dg\e Transfer frgrp “Stars” to “the Sun”
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Knowledge Transfer from “the Sun” to “Stars”
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IRNFX—FR: EXESDER - HR
(Namekata et al. 2019, ApJ, Namekata et al. 2020a, ApJ)
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Standard Mechanism of Sunspot (De-)Formation
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What Can We Measure about Starspots?
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Learning From Solar Observations and Model
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(Namekata et al. 2021 Nature Astronomy, 2024 Ap)J)
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Puzzle: Do Stellar Superflares Associate Stellar CMEs??

« KB~ L 7 - Coronal Mass Ejection (CME)DEHRICE D &, CMEIZE%EE TR —
IN—=T L TITHELTWEZ EDFEIND [eg., Aarnio+12, Yashiro & Gopalswamy 2009].

e . BLAIZIZIFEL, WHBREDEZEWVLWOHEWT, 22 TWWAWor RZ 4 WA]
BEMEAM BT S LT\ B [e.g., Alvarado-Gomez+2018, Sun+2022].

= Can stellar observations answer this puzzle?

2 e s Strong magnetic field and/or dense coronal wind can
[ Drake+13 change the eruptions and observational signature?

.s-Solar Scaling
I Law

\
‘ >
)

I o
\‘\‘ |
0g(Np/t [Myr™']) K
A A
w o Ww ©°o

Log (CME mass [g])

2I6. | '2I8I | .BIO. | I3I2‘ 3‘4 36 38
Log (Flare Energy [erg]) E.g. magnetic suppression (by Alvarado-Gémez+18)



What Should We Observe?
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Aim and Observations

[Purpose of our project:] detecting Ha spectra of superflares on Sun-like star and finding CME signature
= We conducted time-resolved optical spectroscopic & photometric obs. of “young” Sun-like star

TESS 3. 8m Seimei TeIescope

[Target star]

EK Dra (G2V) - “REMEHFVWAZEE”
(in main sequence; Age ~ 100 Myr; Teff ~ 5750K)
(G2V, Vmag=7.5, best target for flare monitor)

[Photometry] y
TESS Sector 21-23 (2020 Jan-Apr): 2 min cadence | 5% 10my
[Ha Spectroscopy] DPEN ) s paam

L . Probabl ion of an eruptive filament from
Japan) Seimei 3.8m (R=2000), Nayuta 2m (R=10000 obable detection of an eruptive filament from a
superflare on a solar-type star
- S/ NNlOO_ZOO & 1-5 min Cadence Kosuke Namekata©'%3%2, Hiroyuki Maehara#, Satoshi Honda®, Yuta Notsu®¢%78, Soshi Okamoto’,
Jun Takahashi®5, Masaki Takayama®, Tomohito Ohshima®, Tomoki Saito®, Noriyuki Katoh>®,

- [O ur a d va nta ge] ~ 1 5 O N |g h tS (0 bS e rvah ons Miyako Tozuka®, Katsuhiro L. Murata', Futa Ogawa™, Masafumi Niwano', Ryo Adachi',
Motoki Oeda'™, Kazuki Shiraishi', Keisuke Isogai*", Daikichi Seki'?'2, Takako T. Ishii?, Kiyoshi Ichimoto?,
Daisaku Nogami' and Kazunari Shibata®"



First detection of optical spectra of superflares on Sun-like star
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Evidence of Filament Eruptions (inside the disk)
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Our Sun Tells Us What the Stellar Eruption Looks Like

[Namekata et al. 2022 (2021 online/ADS), Nature Astronomy, 6, 241]

Sun-as-a-star analysis of flares/filament eruptions
C8.0 class solar flare on 2017/4/2 with SMART/SDDI

 What does the stellar eruption look like?
= Sun-as-a-star analysis of Ha line
for solar eruptive events may give us a hint
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Then, did the filament eruptions lead to CME?

[Ikuta & Shibata 2024, ApJ & Namekata+in prep.]

* One dimensional MHD simulation based on solar observations is applied to stellar eruption.
* The loop top expand at the speed exceeding Vesc.
= Suggest this filament eruption eventually become CME

Normalized intensity of modeled Ha spectrum
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Erupted Mass [g]

10-1000 Times More Massive Than Maximum Solar CMEs
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https://www.asj.or.jp/jp/activities/geppou/2024/entry958.html
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SOLAR-C: JAXA’s next-generationsolar-observing
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LAPYUTA: JAXA’s NG stellar satellite
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2030s TLABYUTA | 1B

LAPYUTA mission \

(Life-environmentology, Astronomy,
and PlanetarY Ultraviolet Telescope
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- Selected to JAXA M-class mssmkdldate
(Target launch year: ~2032) m

- FUV spectroscopy with 60cm telesc

- Spectgal r : 110-190 nm
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