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The Relationship between Extreme Ultraviolet Non-thermal
Line Broadening and High-energy Particles during Solar Flares

Jo0o0oooobooboMeVOODODOOUOGOOOOOOOOooOobOobOOobobOoooOo
OOo0ob0o0odoboobooboooobobooooooboboooboboboooooooo
Ooo0oboobooobboboboobbobbooobooboooooooooooooo
0000000000000 0000000bOoooooooOg

JodoboboboooobuooobooXoooooobbooobooooboooooo
0000000000000 00b0bO0bOo0ooDooDoDoOooOooDobOOoooooOog
0000000 (Rannset al. 2001)00000000000000O0O0OOOOOOO0O
000000000000 0000 (Kawate et al. 2011)

000000000000 0000000000000000O0000OO0O0 (EUV
Imaging Spectrometer) 0 OO0 000000000 O0O0O0O0O00OOEUVOOOOOOOO
goobpobbbboootoooboboobbobobbbobooob20120000b0 200
0000000000000 00ODO00000o0bObO0oO 00000 oDoODOOo0oooOo
goboooooboooboboeEyvooobbobbobbobbooobobobobbooobo
0o0o0oooobobboooboobooooooooobo Eitvobooooooooooon
O00d0obooboooobouoobooboobobobobbobooooooboDboUOobobDbo
goooooeEuvioooooootooooooobobooobobooooboooooo
oobodobooooooobooobooobbooboobobooooboooooboooobo
0o0odbo0ooooboobobobooboboooooobooeEUvOoooooooooooo
ooobobooooobobooboboboobbboobbbobobobOoboooooobooooo
OO0000O0O00000bOoOO0o0oooooon

gbooobobooobooooooboobooooooooooboboooobooo
O0o00ooOooObO0o0o0oO0o0obOo0obOooooobooooooooooooDoo

SDO AIA_1 131 25-Sep-2011 04:45:25.220 UT SDO AIA_1 131 23-Sep-2011 23:54:13.230 UT
200 200

150

Y (arcsecs)
S
o

Y (arcsecs)

0
-750 -700

-650 -600 -550 -900 -880 -860 -840 -820  -800
X (arcsecs) X (arcsecs)

0: SDO/AIA1310 00 DAIA17000 00000000000 (0)000 (0)0EUVO
00 (0)000000000000()000000 (h)0000000000

Reference:
Kawate & Imada ApJ 775,122 (2013)

(0ooo o)

18



0000000000000 0OD0 (Dooooooo)ooood

gbbdbooooobouobbobobobbubbooooobboooboobobg
guoubobobgboobooooooooogobobobobooboobbooooon
gobgbuoobbudbouooboboooouoboboboobuooobbbobn
guodgbgbogguooooogobbobbotboooouoooboooboooooon
gbbodbbooodgobobuoooobobooobbbd

000000000ooOoOo0O0oo0oO0oU0ooOooo0OooOo(oooooood
0)0000000000000000000000O0DOO00DOOD CoOoOooOoOoOd
0)0000000000000C00O000000000O00O0o0oUobLOooooo
00000 plasmoid-induced reconnection model 0 0 0 00 OO0 O (Shibata & Tanuma
200)0000000000000 2000000 (MEHD)ODOOOODOOOOODODOO
000000 (Nishidaet al. 2008) 000000 2000000 30000000000
gobbbobooobobooooboobbboobobooogubobboogno

gogbgbbbdoobdoobbooobboooouoooooobuooobooo
0000000 (000 plasmoid-induced reconnection model 0 0000 )000 000
00000 secondary tearing0 D0 O OO0 OO0 DOO0O0ODOOOOO0OO0O0O0O0OOO0O

(a) t=599%) t=770%

O0: ()0 0000000000000 00000000O00O00000000O000OO
gbobobogobbdobbouooobobbbbobobbbboodooooobooon
00O O0O0000000O0OO0O00OO00ooo0ooooooooooooOo

Reference: Nishida, K., Nishizuka, N., Shibata, K., ApJL, 775, 1.39 (2013)
(0ooo O)

19



gooogbbooboooobobbooobd

gdddooooouotdodouodobouboudboooooouonoooooooad
dddddddoooooooooooooobooooooooooooooooaon
Oo0opoOoooCoDOOoOoDOOO(oooood 1032erg)D ogoo 110000000
0000000000 (Doooo00o0)000000U0LO00LO0oooOooooooo
dioodotbooooooboooooooooooouooooo oouooo
0000000000000 00oob0KeplerOOOOOOoOO0oooooooooono
0000 (GOO0OO0OO0)0D00D000O0O0O0O00O (DoboooooOoDo 10 ~ 10*0 0O
103 ~ 10%erg000000000)0000000 (Maehara et al. 2012, Nature, 485,
478, & Shibayama et al. 2013, ApJS, 209, 50000 0000000000000000
0000000000000 000000000000000000000000%0O0
godoooouotbodoododoooooooooouonooooooonoooo
godddodooooooouoooooooououoooooonoooooon
gbddoodoooooooooooood

oo ooooooooooooouoooooooa
godobooouoooououuoooooooouoooouooooooouoon
gddodooooouoououoooooooooooond
goddoouooooooooooooooa

000000000000000000000 L e T e——
100000000000000000000 23 e = RRETLHE] |
0000D0000000000000000 3§ SN
000000000000000000000 %g %/ \ £ \ /|
000000000000000000000 Iy "\\ N
000000000000000000000 I AR
000000000D000000000000 ®) ©

OoO00oo0oOooOoOooO (0o wooo)o
000 10¥%erg0 000000000 OOOOO
gobogoboogobboobbobboo

000 0000000000000 0ooon e TR mar—s
000000000 oUoooOoooooooo ﬁﬁom— B TV
0000000000000 0DO000o0Ooo §§
0000000000000 00000000 =®Q
0000000000000 0000oooo

goboboooooboooooooboobod
gbbooboogbobboooobabdoon
guoodgbobuooobobobooobbo
gbobuobobooobooooouon

B (B)

gboboogboogoodd

Reference: Notsu, Y., Shibayama,T., Maehara, H., et al., 2013, ApJ, 771, 127

(00oo 0)

20



O0000000 KIC69343170 00 00000O0O0OO

gboubgobgbbbuoodgboboobbobbooooobobboooodgoo
gouodgboobgobbobouououogoboboogooobbooubooon
gododgbboobbboouoboobooouooobbobbuooobooboogbo
goboodgbogboobboooobooobuooboooboobobobooboon
gbogdbdobobbooobobbobbbobbbbooobboooobbbob
gobdgouoggbboguogoboogbobboobboobooooooobo
gbgodbboouuoobobooobbooobuobbbuobobobbboaan
gboobooggboboogbobogbboboogooobbobbobn
MO00000 201108030 (00000) 00000000 ODOOOOOODOOO
0000000000000 00000 KIC343170 000000000 DOO0O (HDS)
gobuooogobbuoouooboudobboobuoobboooobobbobbobbon
000 6100~8820A0 DO O OOOOO0O R~A/ANDO 100000000000
MmooooobbbobobobobboobbbbooboobobooooooooDo
gboobbbogobobogbobuooboobobobobboouooobooobo
O0000000000000000000000 (vsindg)J0000000OO0OODOOO
O0OO0O000 KICes4317O O Ooobooboooboobooooboooooooooo
gbuogogbuuobobooobuboboobbobboooboboobobbon
00000000000 100000000 (Call)DODOOOOOO (8498,8542,8662A,
O000)00a00000000OODOOODOUOOOOOODOODOODOUOODOOODOOOO
O.000000KICe343170 0000000 DODODODODOOOO0gn

1

Ca ll 8542 B1Vir e
Residual

HUBIE LIz iR

8540 8542 8544
BER(R)

Ooobo0oo00o0oooooooboooboogg KICe93431700 00O 59Virld 61Vir
OCall8s42A000000000000000000000000O000000D00OO
goooooboooobboouooboboboooboOoooKICes4317O0nooooon
O000000000000000006Vr(OODODOOOOOOD0OO0OOOwsindd OO
00)000000000000000000000 ResidualDDOO0OOOOO

Reference: Notsu, S., Honda, S., Notsu, Y., et al., 2013, PASJ, 65, 112

(0ooo 0)

21



Can Superflares Occur on Our Sun?
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Observational Study on Coronal Shock Wave associated with
X-class Flare (0O 0O0O)
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Slow Sun safe from superflares
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Stuart Gary
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The Sun is now at solar max, but you can rest easy — the
Earth should be safe from being fried by a superflare, a
new study suggests.

Research reported on the pre-press website Arkivorg
found these massive eruptions, a million times more
powerful than solar flares, usually occur on fast-spinning
stars that have large sunspots.

Lead author Yuta Motsu of Kyoto University and colleagues,
analysed data from MASA's Kepler Space Telescope to
detect changes in brightness of Sun-like stars known to
produce super flares.

“Superflares whose energy is 100 to 1000 times larger than
that of the most energetic flare on the Sun, can occur on
solartype stars once in a few thousands of years,” they
write.

Solarflares are the most energetic explosions onthe
surface of the Sun.

The most powerful solar flare of the year erupted
on the Sun last month but packed just a fraction
of the power of a super flare (Source: NASAIGSFC)

They form when magneticfield lines twisted by the Sun's

Friday, 3 May 2013

Follow us
o @ B

Latest News

Zinc's secret anti-microbe powers revealed
Scientists study evolution of ‘Little Red Riding Hood"
Black holes blast out heavy metal

Penguin split more recent than thought

How many human body parts remain undiscovered?

You might also be interested in stars
Black holes blast out heavy metal

Plan for planet-hunter to refocus on black holes,
exploding stars

Earth-like planets may number in the billions

RAVE study finds Milky Way moves like a dance crowd

rotation break through the surface, causing cooler local

Raving stars give Milky Way the wobbles

temperatures which appear as dark spots. -
Related Stories
As these magnetic field lines snap, they fling out electro-
magnetic radiation, protons, electrons and heavier atomic
nuclei.

New spacecraft to improve space weather
forecasts, Science Online, 23 Aug 2012

Flares are also known to occur on other types of stars, such
as young stars or binary stars which have been known to
produce superlares.

Study finds Sun rounder than previously
thought, Science Online, 17 Aug 2012

Solar storms pose risk to technology, Science

These stars spin very fast. Online. 23 Feb 2011

Until recently it was thought that superflares did not occur

StarStuff

Meteor numbers
underestimated<

Twenty million Chelyabinsk-sized asteroids could have

near-Earth orbits, warn astrenomers. Also; Kepler turns
its focus on black holes and supernovae, and an out-of-
control satellite crashes to Earth.

on slow-maoving stars such as our Sun, butin 2000,
astronomers detected superflares from nine Sun-like stars.

To explore how often and why superflares occur in Sun-like stars, Notsu and colleagues examined 90,000 of
these stars observed by Kepler, which can detect very subtle changes in stellar brightness.

They identified 365 superflare avents on 148 stars that have surface temperature of 5100 Kelvin.
They then analysed the brightness variation data for details about sunspot activity and stellar rotation.

"Qur results indicate thatthese brightness variations. .can be explained by the rotation of the star with fairly large
starspots,” they report.

They found the energy released by the superflare was related to the size of the starspot.

They also found that although stars with slow rotation rates can still produce flares that are as energetic as
fast-spinning stars, the average flare frequency was lower.

"These results suggest thatthe energy of superflares can be explained by the magnetic energy stored around
starspots.”

Unanswered issues

Our Sun rotates slowly and produces weak magnetic fields.

But there are still questions about how big a solar flare from our Sun can get, says the lenospheric Prediction
Semvices space weather science officer Dr Matthew Francis.

“We still don't have as good an understanding of how solar flares work as we would like,” says Francis.
"One ofthe things we don't know about our Sun from a space weather perspective is: how bad can it get.”

And that's important for understanding the level of impact space weather can have on navigation and
communications systems, power grids and orbiting spacecraft, says Francis.

“When we're engineering satellites or systems on the ground to be able to withstand the worst possible space
weather events, we don't know what that upper limit is,” he says.

Space weather events are gauged by sunspot activity and are closely linked to the Sun's 11-year solar cycle which
climaxes this year, which is now at its peak.

“Thig has been a fairly mild solar maximum,” says Francis.

“The two hemispheres of the Sun are behaving quite differently in this solar cycle..there's a double peak
happening, one hemisphere has clearly already peaked and is now declining, and the others about to do that.”

physics, stars
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00000000000000000000000000000000

023500000000000000000000 30(00O)90300-100 10

(162) OoOO
0000000000000000000000000

(163) DOOO!
0240000000000000000000000000

0330 DOO00DOO0OOoO0Oo0oOO0O0o0 (Doboooo)y9no 300-100 20

(164) DOOO!
OO0 DSTOOOO AOOODO 11

Paradigm of plasmas and its interdisciplinary cross with ’life and biological
science’ Toward control of nonlinearity using small energy (0 0) 100 20

(165) Shibata, K.!

Nonlinear dynamics in superflaresin the Sun and Stars (invited)

000000000000 ”Polar Data Activities in Global Data Systems”
(Ueno, Tokyo) 100 150-16 0

(166) Yatagai, A.'2, Hori, T.2%, Abe, S.!7, Tanaka, Y.'®, Shinbori, A.'2, Koyama, Y.!?,
Umemura, N.28 Sato, Y.!®, Yagi, M.?6, Ueno, S.', Hashiguchi, N.O.'2, Kaneda, N.!

Inter-university Upper Atmosphere Global Observation Network (IUGONET) Metadata
Database and Possible Application for Polar Data Activities (oral)
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(167) Tanaka, Y.'® Shinbori, A.'2, Hori, T.2%, Koyama, Y.'>, Abe, S.!7, Umemura, N.?8, Sato,
Y.!8, Yagi, M.26, Ueno, S.!, Yatagai, A.!?

IUGONET Data Analysis Software (UDAS) for Upper Atmosphere Study (poster)
Astronomy in the TMT Era (Fukuracia Tokyo Station) 100 16 0—-17 0
(168) Yamanaka, M.}

Extremely early-phase observations of Type Ia Supernovae (poster)
GSEE seminar (Kyoto Univ Museum) 100 24

(169) Shibata, K.}

Can Superflares Occur on Our Sun ? (invited)
The 2nd Asian-Pacific Solar Physics Meeting (00 ,00) 100 24 026

(170) Nogami, D.!
Solar and Stellar Superflares (invited)

Helicity Thinkshop on Solar Physics (Beijing, China) 100 270 -31 [

(171) Hagino, M.!, Otsuji, K.2°, Sakurai, T.2"
Butterfly Diagram of Magnetic Helicity in Active Regions (oral)

Kyoto Mini-Workshop on Dwarf Novae and Related Systems
— New Directions in Time-Series Analysis — (0 0) 100 290-300

(172) Nakata, C.1

WZ Sge-type dwarf novae with multiple rebrightenings: MASTER OT J211258.65+4-242145.4
and MASTER OT J203749.39+552210.3 (oral)

(173) Nogami, D.!
Observational investigation of the mechanism of the negative superhumps (oral)

0000000000000 M 134000,000 (D0O0O)110 20-50

(174) 000000 200000 YOOoOooo ¥ooooo 20000 200000 ¥O0O0
oo o000 o000 'ooooo 200000 2ooooot

IUGONETO ODODOOODOO

(175) 000D YPO0o0o ¥ooooo ®ooooo ®¥ooooo "ooooo "oooao 220
0000 2000020000 00000 2oo0o0o0oo 200000 %oooogg B

goobooobbbooboooboboboob 4bbOo0obobOon
Supernovae and Gamma-ray bursts 2013 (Kyoto) 110 11 0-150

(176) Takeshige, S.!, Takasao, S.!, Shibata, K.

The time evolution of a current sheet in the atmosphere of magnetars (poster)
Solar-C Science Meeting (0 00) 110 110

(178) Ichimoto, K.!, Suematsu, Y.?°, Katsukawa, Y.2°, Hara, H.?Y, Kano, R.2?, Shimizu, T.3,
Matsuzaki, K.? and Solar-C WG

Solar Optical Telescope (SUVIT) for Solar-C
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The Seventh Hinode Science Meeting (00 0) 110 120-150

(179) Shibata, K.!
Welcome Address

(180) Watanabe, H.10
Observations of fine scale structures and dynamics in sunspots (invited)
(181) Hillier, A.', Hillier, R.46, Tripathi, D.4’
Determination of Prominence Plasma [ from the Dynamics of Rising Plumes (oral)
(182) Nishizuka, N.2°, Nishida, K.}, Shibata, K.
Nonlinear Fragmentation of Flare Current Sheets (invited)
(182) Nishida, K.!, Nishizuka, N.29, Shibata, K.

The Role of a Flux Rope Ejection in Three-dimensional Magnetohydrodynamic Simulation
of a Solar Flare (poster)

(183) Ichimoto, K.}, Nakatani, Y.}, Kawate, T.!, Ueno, S.!, Yamaguchi, M.}, Hagino, M.!,
Kimura, G.!, Nagata, S.!, Miura, N.%

Attempts for high spatial resolution at Hida observatory and future coordination with
Hinode (poster)

(184) Kawate, T.!, Ichimoto, K.!
The origin of nonthermal electrons in solar flares (poster)
(185) Anan, T.!, Casini, R.*, Ichimoto, K.!

Magnetic and electric field inference in a surge using spectropolarimetric observations in
HI Paschen lines (poster)

(186) Kawamura, A. D. !, Heerikhuisen, J. 4°, Pogorelov, N. V. 4°_ Zank, G. P.4°

3D test particle simulation of ISM Oxygen interacting with Heliosphere for IBEX obser-
vations (poster)

(187) Oi, A} Ichimoto, K.!, Yukio, K.2°, Suematsu, Y.20

The Magnetic and Velocity Field Structure of the Sunspot Chromosphere (poster)
(188) Takahashi, T.1'14 Asai, A.1% Shibata, K.!

Investigation of shock nature of an EUV wave using a prominence activation (poster)
(189) Hada, Y.!, Isobe, H.''| Asai, A.10 Ishii, T.T.!, Shiota, D.?8

Diagnosing flare productive active regions using EUV images for space (poster)

(190) Hagino, M.!, Ichimoto, K.!, Kimura, G.!, Nakatani, Y.!, Kawate, T.!, Shinoda, K.2°,
Suematsu, Y.?°, Hara, H.2°, Shimizu, T.3

Development of a universal tunable filter for future space and ground observations (poster)
(191) Hillier, A.!, Morton, R. J. ®, Erdélyi, R.%3

A statistical study of prominence oscillations: Evidence for photospheric motions as the
transverse wave driver in a quiescent prominence (poster)
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(192) Suda, T.!, Takasao, S.!, Shibata, K.!

Double-thread structure of spicules generated by magnetic reconnection (poster)

(193) Ueno, S.!, Ichimoto, K.}, Kitai, R.!, Shibata, K.}, Nagata, S.!, Morita, S.2°, Otsuji,
K.20, Anan, T.', Oi, A.!, Yoshida, K.#sumei  Agaj A 10 Matsumoto, T.28, Isobe, H.!11,
Hashimoto, Y., Ishii, T.T.!, Hagino, M.', Komori, H.!, Nishida, K.!, Nakamura, T.14,
Kawate, T.!, Watanabe, H.10, Hillier, A.', Ohkawa, A.2, Sawada, S.2, Miyawaki, S.2,
Kato, Y.32, Mohri, N.32

Report of Cooperative Observations between Hida Observatory & Hinode Satellite (HOP0012,
0075, 0128) (poster)

(194) Gutierrez, M.V.5! Terrazas, R.%5, Ishitsuka, M.%!, Ishitsuka, J.%!, Yoshinaga, Y.!, Naka-
mura, N.!, Hillier, A.', Morita, S.20, Asai, A.19 Ishii, T.T.!, Ueno, S.!, Kitai, R.!, Shibata,
K.!

A 3-Dimensional View of the Filament Eruption and Coronal Mass Ejection Associated
with the 2011 March 8 Solar Flare (poster)

(195) Yamaguchi, M.15X% Shaltout, A.', Asai, A.'%, Ichimoto, K.}, Morita, S.2, Shibata,
K.!, Kitai, R.!, Ishii, T.T.!, Ueno, S.!, Nakamura, N.!, Takasao, S.!, Yoshinaga, Y.!,
Hiller, A.', Otsuji, K.2°, Narukage, N.3, Cabezas, D.P.61, Martinez, L.M.%?, Buleje, Y.J.%,
Gutierrez, M.V.6! Terrazas, R.A.%°

Statistical Study of Filament Eruptions and Moreton Waves Observed by the Flare Mon-
itoring Telescope at Hida Observatory, Kyoto University (poster)

The 4th Symposium on Polar Science (Tachikawa, Tokyo) 110 120-150

(196) Tanaka, Y.'8, Sato, Y.'®, Hori, T.?%, Umemura, N.28, Abe, S.}7, Koyama, Y.'>, Yagi,
M.26, Shinbori, A.'2, Yatagai, A.'2, Ueno, S.!

IUGONET metada database and data analysis software for interdisciplinary studies (poster)
International CAWSES-II Symposium, (Nagoya, Japan) 11 0 18 0-22 [
(197) Shibata, K.!

Superflares on Sun-like stars : Implication for solar superflares

(198) Asai, A.1° Isobe, H.'', Shiota, D.?8, Watanabe, H.1°, UeNo, S.!, Shinbori, A.'2, Yokoyama,
M.3*, Kitai, R.!, Kusano, K.?8

Long-Term Variation of Solar EUV 304 A Emission and the Abnormal Behavior at the
Cycle 23/24 Minimum Examined by SOHO/EIT (poster)

(199) Asai, A.10
Recent Giant Solar Flares and their Relation to Space Weather (invited)

(200) Asai, A.10

Recent Flare Studies and Space Weather (invited,panel disccussion?)

(201) TIsobe H.!', Hada Y.!, Asai A.19 Ishii T. T.!, Shita D.2®, Imamura T.3, Toyota H.?

Space Weather in Deep Space Probe: Evaluation of Solar Energetic Particles Exposure
on the Venus Climate Orbiter Akatsuki (oral)

38



(202) Hada Y.!, Isobe H.1, Asai A.19 Ishii T.T.!, Shiota D.?8

Diagnosing flare productive active regions using EUV images for space weather forecast
(poster)

(203) Koyama, Y.!®, Kurakawa, K.'°, Sato, Y.'®, Tanaka, Y.18, Abe, S.17, Tkeda, D.!", Hori,
T.28, Umemura, N.2%, Shinbori, A.'2, UeNo, S.!, Yagi, M.?6, Hashiguchi, N.'?, Yatagai,
A.12

Challenge to the data-intensive science in upper atmospheric research (oral)

(204) Yatagai, A.'2, Koyama, Y.'5, Hori, T.2%, Abe, S.!7, Tanaka, Y.!®, Shinbori, A.!2,
Umemura, N.2®, Sato, Y.'®, Yagi, M.26, UeNo, S.!, Hashiguchi, N.O.'2, Ritschel, B.52,
Iyemori, T.1?

International cooperation between Japanese [IUGONET and EU ESPAS projects on de-
velopment of the metadata database for upper atmospheric study (oral)

(205) Tanaka, Y.'® Hori, T.?8, Abe, S.17, Shinbori, A.'2, Koyama, Y.'®, Umemura, N.?8, Yagi,
M.26, UeNo, S.!, Sato, Y.'®, Yatagai, A.'?

IUGONET metadata database and data analysis software for long-term ground-based
observation data (poster)

(206) Sato, Y.'® Shinbori, A.!2, Abe, S.17, Yagi, M.26, Yatagai, A.'?, Koyama, Y.!®, Tanaka,
Y.'8, Hori, T.?%, Umemura, N.?8, UeNo, S.!

IUGONET"s efforts for capacity building to promote international/interdisciplinary solar-
terrestial physics research (poster)

(207) UeNo, S.!, Yumoto, K.!7, Yoshikawa, A.'7, Makita, K., Munakata, K., Mizuno, A.?8
Tsuda, T.12

Report of capacity-building activities of Japan during CAWSES-II period (poster)
Swiss-Kyoto Symposium 2013 (Zurich; Switzerland) 110 21 0-220
(208) Nogami, D.!

Solar and Stellar Superflares (oral)
0000000000000 00 (D0o00) 110 230-250

(209) Dooo!
la0000 SN2012ht 000000000000

0000ooooOo0ooooooD (Doobo) 12010

(210) oooot
O00000000:000000000000000000000000

gbooboobuodobodg bobdob 120 100

(211) oooot
0000000000000 (invited)

000000000000o0oooo (oo) 120 230

(212) oooot
000000000000 D00000 (0000000=00000)
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