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Carrington flare
(1859, Sep 1, am 11:18 )

 The first flare that human
beings observed (by Richard
Carrington, England)

e white flare for 5 minutes

e very bright aurora
appeared next day morning

At many places on Earth, eg Telegraph systems all over Europe and
Cuba, the Bahamas, Jamaica, North America failed, in some cases

El Salvador’ and Hawaii. even shocking telegraph operators.

. . Telegraph pylons threw sparks and
La rgESt magnetlc storm (> telegraph paper spontaneously caught

1000 nT) in recent 200 yrs. Fire (Loomis 1861)
http://en.wikipedia.org/wiki/Solar_storm_of 1859



() = Blackout

= Equipment damage
2 - Tripping of equipment

H4 REMOBEHAH-EBICAIRETEE LA —D
F. AFd—FHItELA—O08BA=0080hhe. (FA4F

Magnetic storm ~ 540 nT TX L A Frank i)

Solar flare X4.6

http://www.stelab.nagoya-u.ac.jp/ste-www1/pub/ste-nl/Newsletter28.pdf




Will the Carrington-class flare occur
again ?

e |f the Carrington-class flare occur now, what
will happen ?

e arecent paper estimates potential damage to
the 900-plus satellites currently in orbit could
cost between $30 billion and S70 billion.

e http://science.nasa.gov/science-
news/science-at-

nasa/2008/06may_carringtonflare/
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N1 1inctiAan
uestion
e Will our Sun produce superflares which are

much more energetic than the largest flare we
observed before ?



O
@)
-
—t+
D
-
c—t
V)

e KIZ7L7
« BEEIJLTFLRIBEILT
e KIBEEDR—/\—TL7F




ANZIL7



N=z=IL7

192 PEERR
B AETHEE=>
MR TRILEF—HVR
H AL X~(1—10) Akm
IR —
10%° - 103%erg
(KIE10HF—1{E@E)
KIGRERKXDIEFHIRR

FHEEAHD=ZXLMN
152 L E SR

2001.04.10 04:29:26[UT]

RAMREBERX




ANE7AZIRRIEH

(R EHEK:1946F6H4H:XE)




N

P A=Y
HSNS
ER A1

_____f-'*--—q_...' 100 kHz
X 3 MHz iy

f ryee

Tﬁ;m I; 200 MHz .
‘nonthEt m'_@:/\,\ﬂ\#\

INTENSITY
=== — = EFF.LINE WIDTH

B

5 s, He
’(;J;ﬁ‘:b = |”% )

ﬁ:{ l‘lu
K

; E i
®"'~ <—@~ (MAY BE PILE=-UP) - Soft X‘mj

>10keV X-RAYS

>50 keV X-RAYS

A >200keY X-RAYS
—1sm-—> TS B



NI mlnbn
(T&HTH 12
(Z&B)

A (FIEF
(FL7) it !

BXHR (1 keV)
200 E—8THE

1992/02 /17 Q2:37:01




E)axroiay
Ho X5 (EHBOLEMZ)

H & ‘two ribbon



LDE(Long Duration CMEs
wa  Event) flares (Giant arcades)

| 1. ,.~10%0cm ~ 10711 cm
"(Tsuneta 1992) (Dere)

impulsive flares . .
~ 1079 cm Plasmoid-Induced-Reconnection

(Ohyama-Shibata | (Shibata 1999)
1998)
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Solar Flare Protostellar Flare of YLW15
(Tsuneta) | (Tsuboi, Koyama et al. 2000)
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e Yes |

* Indirect evidence has been found in
empirical correlation between

Emission Measure (' EM = n’L>)
and Temperature
(Shibata and Yokoyama 1999, 2002)



N BEETL 7D Emission Measure

(EM=n2V) [XRE(T) EEHITIEX
(n:BFEE. V:{KFE) (Feldman et al. 1995)
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L7 @) Emission Measure (Shibata and
Yokoyama 1999)

e Emission Measure
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 Answer:young star’s rotation is fast

(so dynamo is active and total magnetic flux is
large =>

loop is large)

Stellar X-\"ﬂ-j Corona
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X-ray Luminosity vs Total Magnetic Flux
for stars and solar active regions
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TABLE 1 Schaefer et al. (2000) ApJ 529, 1026

SUPERFLARES

Energy

Star Detector Vo qrma Amplitude Duration (ergs)
Gmb 1830 ........... Photography 6.45 AB = 0.62 mag 18 minutes Eg~1x 10%°
KCet oo, Spectroscopy 4.83 EW(He) = 0.13 A ~ 40 minutes E ~2x 10%
MT Tau ............. Photography 16.8 AU = 0.7 mag ~ 10 minutes Ep~1x 10%°
' UMa ............. X-ray 5.64 Ly=10"" ergs s~ ' > ~ 35 minutes Ey=2x 10%
SFor ....oooevvvnnnn. Visual 8.64 AV ~ 3 mag 17-367 minutes Ey~ 2 x 1078
BD + 10°2783...... X-ray 10.0 Ly=2x 10" ergs s ! ~ 49 minutes Ey®» 3 x 107
oAql.......ooienils Photometry 5.11 AV = 0.09 mag ~5-15 days Egy =~ 9 x 10%7
58er coviiiiiiinnnn.. Photometry 5.06 AV = 0.09 mag ~3-25 days Epy = 7 x 1077
UUCB............. Photometry 8.63 Al = 0.30 mag = ~ 57 minutes E =17 x 10%°

f=1=L. F=21=9llzD T ECET—HRENH LM ?
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LETTER

Nature (201285H17H)

doi:10.10:

Supertlares on solar-type stars

Hiroyuki Maehara', Takuya Shibayama', Shota Notsu', Yuta Notsu', Takashi Nagao', Satoshi Kusaba', Satoshi Hond

Daisaku Nogami' & Kazunari Shibata'

Solar flares are caused by the sudden release of magnetic energy
stored near sunspots. They release 10*° to 10°” ergs of energy on a
timescale of hours'. Similar flares have been observed on many
stars, with larger ‘superflares’ seen on a variety of stars™®, some
of which are rapidly rotating®® and some of which are of ordinary
solar type*®. The small number of superflares observed on solar-
type stars has hitherto precduded a detailed study of them. Here we
report observations of 365 superflares, including some from slowly
rotating solar-type stars, from about 83,000 stars observed over
120 days. Quasi-periodic brightness modulations observed in the
solar-type stars suggest that they have much larger starspots than
does the Sun. The maximum energy of the flare is not correlated
with the stellar rotation period, but the data suggest that super-
flares occur more frequently on rapidly rotating stars. It has been
proposed that hot Jupiters may be important in the generation of
superflares on solar-type stars’, but none have been discovered
around the stars that we have studied, indicating that hot
Jupiters associated with superflares are rare.

We searched for stellar flares on solar-type stars
sequence stars) using data collected by NASA’s Kepler®
the period from April 2009 to December 2009 (a brief s
flare search method is described in the legend of Fig. 1 :
is provided in Supplementary Information). We use
temperature (T.g) and the surface gravity (log(g)) ava
Kepler Input Catalog’ to select solar-type stars. The se
are as follows: 5,100 K = T.x<< 6,000 K,log(g) = 40. Th
of solar-type stars are 9,751 for quarter 0 of the Kepl
length of observation period is about 10 d), 75,728 for g
83,094 for quarter 2 (90 d) and 3,691 for quarter 3 (90

We found 365 superflares (flares with energy = 1(
solar-type stars (light curves of each flare are s
Supplementary Fig. 8 and properties of each flare st
Supplementary Table 1). The durations of the detec
are typically a few hours, and their amplitudes are ger
0.1-1% of the stellar luminosity. The bolometric lumir
bolometric energy of each flare were estimated from th

a1 i an . & ™™ 1 T PO B |
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What is the cause of

stellar brightness variation ?

0.100

Brightness 0.10 ﬂ T @ (c
0.080 | % g06
of a star _ ol —
| D02
and aflare & 0080 000
< 00 02 04
- 0.040 Day from flare peak
£ 1
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0.000 F ’
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It is likely due to rotation of a star
with a big star spot
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Flare energy vs sunspot area

Superflares on solar type stars
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TABLE 2

ARE THE STaRrs LIKE Our Sun?

Li EW v - sin (i) Ly
Star Spectrum (mA) (km s ') S (ergs s~ 1) Companion

Gmb 1830 ........... GV 4.0 1.3 0.188 <4 x 10%7 Single

L O G35V 38 ] 0.366 8.2 x 10** V=93, a=269"
MT Tau ............. G3V ‘e ‘e <2 x 10%* Single

o' UMa ............. G1.5 Vb 96 9.7 0.367 9.3 x 10°* Single
SFor ...oooooeeevvnnn G1v 34 7 <2 x 10*¢ V=93 a=013
BD + 10°2783...... GOV <23 4 <9 x 10*° Single
oAgl...............L. FEV 63 39 0.148 <2 x 10%* V=134 a=22"
I FB IV-V <3 2 0.140 <3 x 10°% V=97 a=11"
UUCB............. FEV <12 6 <3 x 10*¢ Single




SORCE TIM Clearly Detects X17 Flare in TSI Time Series

First detection of flare in TSI record (G. Kopp,

Irradiance [W/m?]

—
TIM Irradionce—

W

)]

N
paaaaleaay

W
(o))
|-~ '3

(9]
(<]
o

1359

1358

1357

IIIIIlllIllllllllllllllllllllll

01 Mar 200309 Jun 200317 Sep 200326 Dec 200304 Apr 2004 13 Jul 2004
Date

53 Figures from G. Kopp

2003) 1

—
~

Irradiance [W/m

Irradiance [W/m?]

TIM Irradiance

1363F

1361
1360
1359

1358

1357k

T 1 T T T

Minimum at 29-0ct-2003
0.34% decrease

Oct.

12 Oct. 17 Oc¢ 22 Oct. 27 Oct, 1 Nov, 06 Nov.
Dote

1358.4
1358.2

1358.0

SORCE/TIM Total Solar Irradiance — 28 Oct. 20
T T T T T T

Peok at 28-0ct—2003 11:05 N
268 ppm increase T

1357.8H © Ry
| | &1 GOES 0.1-0.8 nm (scaled) - @

& SORCE/TIM TSI

— — — — GOES derivative

1357.6

10:30 10:40 10:50 11:00 11:10 11:20 11:30
Time [UT]




Irradiance [W/mz]
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October to November 2003 in Six Wavelengths

0.34% TSI decrease

SORCE TIM TSI

E- SORCE SIM 477-483 nm

SORCE SOLSTICE Mg Il k
279.58-279.70 nm

0.0085 |~

0.0070
0.1000

0.0100

0.0010

0.0001
1073

10°

SORCE SOLSTICE Ly-a
121.47-121.72 nm

SORCE & TIMED XPS 0-7 nm

GOES 0.1-0.8 nm I I
X

suuml

15-Oct 20-Oct 25-Oct 30-Oct 04-Nov

09-Nov

The variations during the X17 flare on
28 October 2003 are as large as solar
cycle variations (Woods et al., GRL,
2004).

Rotation Flare
Measurement Variability  Variability
TIM -0.34% 270 ppm
TSI
SIM -0.34% -
Visible 480 nm
SOLSTICE +20% 11%
Mg Il 280 nm
SOLSTICE +25% 20%
Ly-o 121.6 nm
XPS X 4 x 80
XUV 0-7 nm
GOES XRS x 20 x 600
X-ray 0.1-0.8 nm




MHD model of protostellar jets as an extention of
Hayashi et al (1996) model (Uehara et al. 2005)

Density

Hayashi et al (1996)

A jet consists of two component:
reconnection outflow and
disk wind
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A signature of cosmic-ray increase in AD 774-775

from tree rings in Japan

Fusa Miyake', Kentaro Nagaya', Kimiaki Masuda' & Toshio Naka

Increases in ''C concentrations in tree rings could be attributed to
cosmic-ray events' 7, as have increases in '’Be and nitrate in ice
cores®. The record of the past 3,000 years in the IntCal09 data
set'’, which is a time series at 5-year intervals describing the '*C
content of trees over a period of approximately 10,000 years, shows
three periods during which '*C increased at a rate greater than 3%
over 10 years. Two of these periods have been measured at high
time resolution, but neither showed increases on a timescale of
about 1 year (refs 11 and 12). Here we report '*C measurements
in annual rings of Japanese cedar trees from AD 750 to AD 820 (the

Corresponding to 10735 erg superflare
If this is due to a solar flare

(Miyake et al. Nature,
2012, June, 486, 240)

a 5 T T T
A Tree A
C Tree B

AMC (%)
| |
o =
3
—p—
—p—
—p—
——p——]
1
-
—p»—
—p—
==
-

760 780 800 820
Year aD

Figure 1 | Measured radiocarbon content and comparison with IntCal98.

The concentration of "*Cis expressed as A"C, which is the deviation (in %) of
the “C/"*C ratio of a sample with respect to modern carbon (standard sample),
after correcting for the age and isotopic fractionation™®. a, A"*C data for tree A
(filled triangles with error bars) and tree B (open circles with error bars) for the
period AD 750-820 with 1- or 2-year resolution. The typical precision of a single
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Occurrence frequency of superflares
as a function of flare energy

Flare frequency [erg_1 year‘1]
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Basic mechanism of superflare is the same as that of
solar flares (i.e. reconnection) because MHD is scale free

e Big starspot is necessary

B’ (B,
87 8z ™

f B L./ Rg
~ 10°* [er ot
erg] (0.1)(103Gj L 0.04 J

o I L, ~02—0.4R® , Eq..~10"-10% erg
®~BL_>~1-4 x10* [Mx]

~fE =~ f

flare mag

E

spot



How to make big star spot ?

B
C:j—t:rot VxB)~rot (rQ xB) ~ AQ B,
Ao _d(BS) _ g s AQ ~ Ar(d€2/dr)
dt dt ° ~ 1.4 x1077 [Hz]

s it possible to store such huge magnetic flux
below the base of convection zone ?
=> big challenge to dynamo theorist !




Flare frequency vs rotation
4o _d®S) o p s
dt dt

e If |AQ) oc Q)
denamo zcdcf/(bocﬂ ‘

U
©
D

D

Q.

f

flare

oc ()

If the flare frequency ( fﬂare ) is correlated with
magnetic flux generation rate, then we can relate

the observed flare frequency with the rotation speed




Observed superflare frequency vs
rotation period
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Spectroscopic Observations of Solar type stars causing
superflares will be extremely important

Okayama 3.8m New Technology
Telescope Project of Kyoto Univ

High speed photometric
And spectrometric
Observation of
transient objects

New Technology

Making Mirrors with
Grinding

Segmented mirror pe

Ultra Light mounting |ugg \ V;

Gamma ray bursts
Stellar flares
(superflares)

———m

Will be completed ~ 2015
courtesy of Prof. Nagata (Department of Astronomy, Kyoto University)
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Remaining basic questions on reconnection
in solar flares

e Triggering mechanism ?
e What determines the reconnection rate ?

 What fraction of released energy goes to
nonthermal particle energies ?

How can we connect micro-plasma scale (~ ion Larmor

radius ~ 10 cm) and macro-plasma scale (™~ flare size ~
10"9 cm) ?




Plasmoid-induced-Reconnection
and Fractal Reconnection

(Shibata-Tanuma 2001)



X ray Observations
show

1. Plasmoid starts to be
ejected long before the
impulsive phase.

2. The plasmoid
acceleration occurred

IJI IFV\’T .MV\II \ W Ve
auring impui

I"\L\"\f‘f\
vC Mlidaost.

wn

(Ohyama and Shibata
1997)
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Laboratory experiment
(Ono et al. 2003 )

[ Fast compression of current sheet causes J

'R — b (BRMIC) MEEShBE.
Vaxoa EENRLERTS

its mechanical ejection in high-Bx MHD regime.

length of current sheet radial position of X point
= . - -
Ea 03 la*“ v \\\ A |III
S 'y 1 i Ia _'\' - |'JI,. 1t P1ettt
2 0.2 = boH
w | tata L Lad
o . b IV
o | % ""‘!:5 "4"' PptgreTIriey Vet
2 01 Ut L hie e e 2ok
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Time|usec] Time[pusec]
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What is the
Role of
Plasmoid
Ejections ?

(Shibata-Tanuma
2001)

(1) to store energy by inhibiting

I’Ecnnnﬂctmn
> Qarﬁer ?iﬂimﬂ-m"
Eargev energy velease
(2) to induce strong inflow nto

veconnection region
T Up

/s
o S A
[

L

L ¥econnection __—-—_—_—% pl'a.rmmd gﬁ’cfwn

\ Etnmg inffow / i

b yama -~ S hibata.. e ﬁﬂﬁﬁnfﬂ r
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SS .
plasmoid-induced reconnection .
in a fractal current sheet = =~ s
(Shibata and Tanuma 2001, Tanuma et al. 2000)
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Observation of hard X-rays and microwave emissions show
fractal-like time variability, which may be a result of fractal
plasmoid ejections (Shibata and Tanuma 2001)

0 T o wr ] L] ) 1]
173700 173800
Fig.1. Time profiles of 1981 Mar ch 24 e . Two energy bands are illustrated o

— Th|s fractal structure enable to connect
mlcro and macro scale structures and dynamics

=i
/ // / Fractal current sheet (Tajima-Shibata 1997)

ﬁ%ﬂgﬁlﬁi‘ﬂﬁ?ﬁs Benz and Aschwanden 1989, Lazarian and Vishniac 1999,
Aschwanden 2002 Zelenyi 1996, Karlicky 2004 , Nishizuka et al. 2009, 2010
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Model calculation of stellar brightness variation

KIC6034120

'00000.dat’

model(green)

inclination = 45°

Starspot radius
0.16 R*

>
L 5 days !

Notsu et al.




Model calculation of steIIar brightness variation
KIC6034120 FPNTRTN

model(green)
inclination = 45°

Starspot radius
0.16 R*
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Notsu et al.
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A signature of cosmic-ray increase in AD 774-775

from tree rings in Japan

Fusa Miyake', Kentaro Nagaya', Kimiaki Masuda' & Toshio Naka

Increases in ''C concentrations in tree rings could be attributed to
cosmic-ray events' 7, as have increases in '’Be and nitrate in ice
cores®. The record of the past 3,000 years in the IntCal09 data
set'’, which is a time series at 5-year intervals describing the '*C
content of trees over a period of approximately 10,000 years, shows
three periods during which '*C increased at a rate greater than 3%
over 10 years. Two of these periods have been measured at high
time resolution, but neither showed increases on a timescale of
about 1 year (refs 11 and 12). Here we report '*C measurements
in annual rings of Japanese cedar trees from AD 750 to AD 820 (the

Corresponding to 10735 erg superflare
If this is due to a solar flare

(Miyake et al. Nature,
2012, June, 486, 240)
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Figure 1 | Measured radiocarbon content and comparison with IntCal98.

The concentration of "*Cis expressed as A"C, which is the deviation (in %) of
the “C/"*C ratio of a sample with respect to modern carbon (standard sample),
after correcting for the age and isotopic fractionation™®. a, A"*C data for tree A
(filled triangles with error bars) and tree B (open circles with error bars) for the
period AD 750-820 with 1- or 2-year resolution. The typical precision of a single
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Polar X-ray jets observed by Hinode/XRT
(Cirtain et al. 2007, Shimojo et al. 2007)

2006/11/23 00:47:25
XRT Al_paoly filter exp. 16385bmsec

Detection of Alfven waves (Cirtain et al. 2007)
Origin of high speed solar wind ? (e.g., Suzuki and Inutsuka 2005)
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Fig. 6.— Same as figure 5, but for KIC10471412,

KeplerID T T(K) log g ¥ (cms™2) R, T KPmag P (day)*
10471412 5771 4.1 1.6 13.5 17.1



Flare frequency [e-rg_1 year_1]

What is Solar/Stellar Cycle dependence of
Flare frequency ?
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Relative flux AF/Fg

Various Superflares
Shibayama et al. (2012) to be submitted
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* Yohkoh/SXT discovered X-ray
jet
(Shibata et al. 1992,
Strong et al. 1992,
Shimojo et al. 1996)
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Anemone (Shibata et al. 1994)



Summary of “flare/CME”
observations with Yohkoh

“flares” Size (L) |Lifetime |Alfvén t/t, Mass
(t) time (t,) ejection
microflares | 10° - |100- 1-10 sec |~100 jet/surge
104 km |1000sec

Impulsive | (1-3) x |10 min— |10-30 ~60-100 | X-ray

flares 104 km |1 hr secC plasmoid/
Spray

Long duration | (3-10)x |1-10 hr |30-100 |~100-300 | X-ray

(LDE) flares 104 km sec plasmoid/
prom.
eruption

Giant 10° - 10 hr—2|100-1000 | ~100-300 | CME/prom.

arcades 105 km |days sec eruption




Hinode obs (Shimojo et al. 2007)
U n Ifl e d m Od - - %....u. latel SN S
(plasmoid-induce gy

reconnection mod i
(Shibata 1996, 1999)

(a,b): giant arcades, &
LDE/impulsive flareqg
CMEs -

(c,d) :impulsive flares,
microflares, jets

dE _ B*

Energy release rate = dt

V I_2 ~1O_2 _V L2
477 4
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