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Solving the Mechanism of Magnetic Activity of Supeflare Stars based on the
Analysis of White Light Solar Flares

SHIBATA, Kazunari
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Using the solar white light flare data taken with Hida Observatory SMART
telescope and SDO satellite, it was found that the relationship (scaling law) between flare energy
and duration for solar flares holds also for superflares on solar type stars. It was also found
that magnetic field strength of solar type stars can be estimated from the scaling law between the
Sun and solar type stars. We analyzed the time evolution of the large starspots of solar type
superflare stars, by tracing the local minima of the light curves of the stars observed by Kepler
space telescope. As a result, it was found that emergence and decay rates of star spots are mostly
consistent with those expected from sunspots. We have performed spectroscopic observations of
superflares of an M-type star, EV Lac, using the 2m Nayuta telescope at the Nishi-Harima
Astronomical Observatory, and found the blue asymmetry of the H alpha line during superflares.



1859

SMART
IRIS SDO
SMART

)

(2014

800

4

18

(1032

~5000

)

)

(W 1

j\\' ‘ (Aschw;nden etal. 200&)
) 10720 | S ONIE<ET'T® -
> b (Shimizu 1995)
) i S dNdE<ETT T4
2 ool -
= N (Crosby etal. 1983)
N i dNIGE<E™
o S, -]
S dNdE<E"®
107% M Notsu+2019(P=20-40d) "?‘ B
- - - - Shibayama+2013 (P>10d) “
O Maehara+2015 (P>10d) 5 \\
10740 ‘ ‘ ‘ o P, =
102 10%® 10%® 10%° 10%2 10%* 10% 10°
(erg)
1)
[1] 10% (
1000 )
5000 1 (Notsu et al. 2019)
(1
) 100 ~1000
1
[1 2]
( 1
(DST)
(FISCH; 1 30
Ha



(1)
SMART DST
IRIS
-n,ozi L I T— .. | Ll —E
(2) 2008 F{d)Spot2 - ! LS - I |
2,006 / .\
SMART SDO 2004 D
2.002 v Tl
Soo0fe W0 g )y oo d Yiiind
2456020 2456040 2456060 2456080
2)
(Namekata et al. 2019)
( 2
M
(3)

[1] Maehara et al., Nature, 485, 478-481 (2012)
[2] Shibayama et al., ApJS, 209, 5 (2013)

23

Ichimoto K., Ishii T. T., Otsuji K., Kimura G., Nakatani Y., Kaneda N., Nagata S., UeNo
S., Hirose K., Cabezas D., Morita S. A New Solar Imaging System for Observing
High-Speed Eruptions: Solar Dynamics Doppler Imager (SDDI) Solar Physics 292
2017 id. 63 DOI:10.1007/s11207-017-1082-7

Tamazawa, H., Kawamura, A. D., Isobe, H., et al. Records of sunspot and aurora activity
during 581-959 CE in Chinese official histories concerning the periods of Sui, Tang, and
the Five Dynasties and Ten Kingdoms Publications of the Astronomical Society of Japan

69 2017 DOI:10.1093/pasj/psw132

Maehara, H., Notsu, Y., Honda, S., Nogami, D., Shibata, K., et al. Starspot activity and
superflares on solar-type stars Publications of the Astronomical Society of Japan
69 2017 DOI:10.1093/pasj/psx013

Namekata, K., Sakaue, T., Asai, A., Shibata, K., et al. Validation of a scaling law for the
coronal magnetic field strength and loop length of solar and stellar flares Publications of
the Astronomical Society of Japan 69 2017 id.7 DOI:10.1093/pasj/pswl1il

Cabezas, D., Martinez, L. M., Asai, A., Shibata, K., et al. “Dandelion” Filament Eruption
and Coronal Waves Associated with a Solar Flare on 2011 February 16 The Astrophysical
Journal 836 2017 id.33 DOI:10.3847/1538-4357/836/1/33

Notsu, Y., Honda, S., Maehara, H., Nogami, D., Shibata, K., et al. Spectroscopic
observations of active solar-analog stars with high X-rayluminosity, as a proxy of superflare
stars Publications of the Astronomical Society of Japan 69 2017 id.12
DOI1:10.1093/pasj/psw116

Hayakawa, H., lwahashi, K., Isobe, H., Shibata, K., et al. East Asian observations of




low-latitude aurora during the Carrington magnetic Storm Publications of the
Astronomical Society of Japan 68 2016 id. 99 DOI: 10.1093/pasj/psw097

Kawamura, A. D.; Hayakawa, H.; Tamazawa, H.; Miyahara, H.; Isobe, H. Aurora
candidates from the chronicle of Qing dynasty in several degrees of Relevance
Publications of the Astronomical Society of Japan 68 2016 id.79
DOI:10.1093/pasj/psw074

Kawate, T.; Ishii, T. T.; Nakatani, Y.; Ichimoto, K.; Asai, A.; Morita, S.; Masuda, S.
Temporal Evolution and Spatial Distribution of White-light Flare Kernels in a Solar Flare
The Astrophysical Journal 833 2016 id.50 DOI:10.3847/1538-4357/833/1/50

Takahashi, T.; Mizuno, Y.; Shibata, K. Scaling Relations in Coronal Mass Ejections and
Energetic Proton Events Associated with Solar Superflares The Astrophysical Journal

Letters 833 2016 id.L8 DOI:10.3847/2041-8205/833/1/L8
Takasao, S., Asai, A., Isobe, H., Shibata, K. Observational Evidence of Particle
Acceleration Associated with Plasmoid Motions The Astrophysical Journal 823

2016 id.103 DOI:10.3847/0004-637X/828/2/103

Maehara H., Notsu Y., Notsu S., Namekata K., Honda S., Ishii T. T., Nogami D., Shibata
K. Starspot activity and superflares on solar-type stars Publications of the Astronomical
Society of Japan 69 2017 id. 41 DOI:10.1093/pasj/psx013

Takahashi T. Qiu J. Shibata K. Quasi-periodic Oscillations in Flares and Coronal
Mass Ejections Associated with Magnetic Reconnection The Astrophysical Journal
848 2017 id. 102

DOI:10.3847/1538-4357/aa8f97

Sakaue T. Tei A. Asai A. Ueno S. Ichimoto K. Shibata K. Observational study on the
fine structure and dynamics of a solar jet. I. Energy build-up process around a satellite spot
Publications of the Astronomical Society of Japan 69 2017 id 80
DOI:10.1093/pasj/psx071

Namekata K. Sakaue T. Watanabe K. Asai A. Maehara H. Notsu Y. Notsu S. Honda
S. Ishii T. T. Ikuta K. Nogami D. Shibata K. Statistical Studies of Solar White-light
Flares and Comparisons with Superflares on Solar-type Stars The Astrophysical Journal

851 2017 id.91

DOI:10.3847/1538-4357/aa9b34

Heinzel P. Shibata K. Can Flare Loops Contribute to the White-light Emission of
Stellar Superflares? The Astrophysical Journal 859 2018 id.143

DOI:10.3847/1538-4357/aabe78

Honda Satoshi Notsu Yuta Namekata Kosuke Notsu Shota Maehara Hiroyuki Ikuta
Kai Nogami Daisaku Shibata Kazunari Time-resolved spectroscopic observations of an
M-dwarf flare star EV Lacertae during a flare Publications of the Astronomical Society of
Japan 70 2018 id.62 DOI:10.1093/pasj/psy055

Sakaue Takahito Tei Akiko Asai Ayumi Ueno Satoru Ichimoto Kiyoshi Shibata
Kazunari Observational study on the fine structure and dynamics of a solar jet. 11. Energy
release process revealed by spectral analysis Publications of the Astronomical Society of
Japan 70 2018 id.99 DOI:10.1093/pasj/psx133

Tei Akiko Sakaue Takahito Okamoto Takenori J Kawate Tomoko Heinzel Petr UeNo
Satoru Asai Ayumi Ichimoto Kiyoshi Shibata Kazunari Blue-wing enhancement of the
chromospheric Mg?ii?h?and?k lines in a solar flare Publications of the Astronomical
Society of Japan 70 2018 id.100 DOI:10.1093/pasj/psy047

Namekata K. Maehara H. Notsu Y. Toriumi S. Hayakawa H. lkuta K. Notsu S.
Honda S. Nogami D. Shibata K. Lifetimes and Emergence/Decay Rates of Star Spots on
Solar-type Stars Estimated by Kepler Data in Comparison with Those of Sunspots The
Astrophysical Journal 871 2019 id.187 DOI:10.3847/1538-4357/aaf471

@DAnan T. Yoneya T. Ichimoto K. UeNo S. Shiota D. Nozawa S. Takasao S. Kawate T.
Measurement of vector magnetic field in a flare kernel with a spectropolarimetric
observation in He ?i 10830?? Publications of the Astronomical Society of Japan

70 2018 id.101 DOI:10.1093/pasj/psy105

@Seki, D., Otsuji, K., Isobe, H., Ishii, T. T., Ichimoto, K., Shibata, K. Small-scale motions
in solar filaments as the precursors of eruptions Publications of the Astronomical Society
of Japan 71 2019 DOI:




@ 1sobe, H., Ebihara, Y., Kawamura, A. D., Tamazawa, H., Hayakawa, H., Intense
geomagnetic storm during Maunder minimum possibly by a quiescent filament eruption
The Astrophysical Journal 2019 DOIl:

23

Honda, S., Notsu, Y., Maehara, H., Notsu, S., Shibayama, T., Nogami, D., Shibata, K.
Lithium Abundance of the Solar-Type Superflare Stars The 14th International Symposium
on Nuclei in the Cosmos ( ) 2016

Honda, S., Notsu, Y., Maehara, H., Notsu, S., Shibayama, T., Nogami, D., Shibata, K.
Time Resolved Spectroscopic Observations of an M-Dwarf Flare Star EV Lac During a
Flare The 19th Cambridge Workshop on Cool Stars, Stellar Systems, and the Sun (

) 2016

Shibata, K. How Extreme Can Solar Events Be? 1st Varsiti Meeting ( ) (
) 2016

Shibata, K. Physics of Solar and Stellar Flares ICPP (International Congress on Plasma
Physics) 2016 ( ) ( ) 2016

Shibata, K. Magnetic Reconnection in Solar and Astrophysical Plasmas 6th East-Asia

School and Workshop on Laboratory, Space, and Astrophysical plasmas ( ) (

) 2016

Shibata, K. Superflares on Solar Type Stars IAU Symp. 327: Fine Structure and
Dynamics of the Solar Atmosphere ( ) ( ) 2016

Maehara, H. Starspot activity and superflares on solar-type stars 1AU Symposium 328
"Living Around Active Stars" ( ) ( ) 2016

Maehara, H. Solar /Stellar Flares on K-M dwarfs Impact of Exoplanetary Space
Weather On Climate and Habitability ( ) ( ) 2016

G,K.M 2017

2017

Shibata, K. Superflares on Solar Type Stars 1st Asia-Pacific Conference on Plasma
Physics ( ) ( ) 2017

( ) 2017

Shibata, K. Extreme Solar Events IAUS 340: Long-term datasets for the understanding
of solar and stellar magnetic cycles ( ) ( ) 2018

Maehara, H. Starspot activity and superflares on solar type stars Kepler & K2 Science
Conference 1V( ) 2017

Maehara, H. Starspot activity and superflares on solar type stars JpGU-AGU Joint
Meeting 2017 ( ) 2017

Maehara, H. Superflares on solar-type stars Asteroseismology and its impact on other
branches of astronomy( ) ) 2017

G K M
2018 2018

H. Maehara; Y. Notsu; K. Namekata; K. Ikuta; S. Notsu; S. Honda; D. Nogami; K.
Shibata Starspots on late-type stars and their correlation with flare activity 20th
Cambridge Workshop: Cool Stars, Stellar Systems, and the Sun( ) 2018

K. Ikuta; H. Maehara; Y. Notsu; K. Namekata; S. Notsu; S. Honda; D. Nogami; K.
Shibata Bayesian spot modelling for Kepler light curves of superflare stars using adaptive
parallel tempering 20th Cambridge Workshop: Cool Stars, Stellar Systems, and the Sun(

) 2018

K. Namekata; H. Maehara; Y. Notsu; H. Hayakawa; K. Ikuta; S. Notsu; S. Honda; D.
Nogami; K. Shibata Lifetime, Emerging and Decay Rates of Starspots on Solar-type Stars
Estimated by Kepler Data and Comparisons with Sunspots 20th Cambridge Workshop:
Cool Stars, Stellar Systems, and the Sun( ) 2018

Y. Notsu; H. Maehara; S. Honda; S. Hawley; S. Notsu; K. Namekata; K. lkuta; D.
Nogami; K. Shibata Spectroscopic observations of Kepler/TESS solar-type superflare stars
20th Cambridge Workshop: Cool Stars, Stellar Systems, and the Sun( ) 2018

@DH. Maehara Statistical properties of starspots on solar-type stars and their correlation
with flare activity 1AU Focus Meeting FM9: Solar Irradiance: Physics-Based Advances(




) 2018
@H. Maehara Superflares and starspot activity on solar-type stars ISEE workshop on

Extreme Solar Events( ) ) 2018
%) G, K, M
2019 2019
1
Ichimoto, K. Elsevier The Sun as a Guide to Stellar Physics ed. Oddbjern
Engvold,Jean-Claude Vial,Andrew Skumanich 2018 522 Chap. 5.3

Spectropolarimetry and Magnetic Structures

https://www.kwasan.kyoto-u.ac.jp ( )

@)

ICHIMOTO, Kiyoshi

8 70193456

NOGAMI Daisaku

8 20332728

ASAI, Ayumi

8 50390620

HONDA Satoshi

8 20425408

MAEHARA Hiroyuki

8 40456851

ISOBE, Hiroaki

8 90511254



