AKIGEEMES 2011F12827H@E K

KEILT7 &
KEEEDX—/IN\—DJL7F

S H— Rk
RERFEFMRARMER S

thanks to H. Maehara, T. Shibayama et al.



contents

« Xf5oL7
—FIEDEHA (LS5, VDT, IFH)
—H—ETILEER)aARI A ETIL)
- HETILT7
« KIGEEDRA—/N\—TL7




ANZIL7



N=ZIL7

19t #cPERR

BELRETRE=>
ST RILEF—hHRE

H A X ~(1—10) Akm

EIR)LT—
10%° - 103%erg
(KIZE1OF—1{E@)

ﬁkﬂ%%ﬁfiﬁ 2001.04.10 04:29:26[UT]



ANiG7OIRREH

(B E&xXK:1946F6 A4H : K[EHAO)




&=t (CME)

= 4

(FL7I2EBE5a0F -5 XATDER R=> Bk E

=1 b g
TS
DI
AlzE

190G/08/01 0048 .

(SOHO,”LASCO, aj#E3% ALHE)




AB&IL7 =
75\ 6 ﬁ& II:I:II é m“the' NT oM
nBEREE T o

(Svestka
1976)




minbyy

(T&HTHI1EE
[Z&D)

B R

(1 keV)

200 E—
MTFRE

1992,/02,/17 Q2:37:01



L7 DIER
BKyaroay

Ha N WAROLEDR)

=N

I_



TS5XEAR(IovHR-O0—7)EH

5-Oct-92

coronal mass

LDE(Long Duration

Event) flares Ejections (CMEs]
North .
1., ~10M0cm (Giant arcades)
e ~ 10711 cm
Tsuneta Dere

' Isive fl
I[,nfg,\sgve ares Plasmoid-Induced-Reconnection
cm _
(Shibata 1999)
Ohyama

Masuda




X TwhERAOATILT

* Yohkoh/SXT discovered X-ray
jet
(Shibata et al. 1992,
Strong et al. 1992,
Shimojo et al. 1996)
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. 11:28:20 Bright Loop

Anemone (Shibata et al. 1994)



Summary of “flare/CME”
observations with Yohkoh

“flares” Size (L) |Lifetime |Alfven 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 10* km |1 hr sec 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.
105 km |days sec eruption

arcades




Unified model

(plasmoid-induced

reconnection model)
(Shibata 1996, 1999)

(a,b): giant arcades,
LDE/impulsive flares,
CMEs

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

dE B’
dt 47z

Energy release rate= V, L* ~10°
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Prediction of ubiquitous jets in the solar
atmosphere (Shibata 1998)

Xevay Jets /SXR nlﬁcroffares

: ng‘{; ~ Ua, corona.
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co. fsghv wind 5
Afeen wahS g Emag £10%erg
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PH g
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EuV Jets /EUV microflares

'bjet ~ VA, chromosphe;

~ 100 km/5
" TR T~10%- 10K

Emay < 10*Terg




Question

 Has Hinode really observed
ubiquitous cool jets ?



Answer: Yes |
Discovery of chromospheric anemone jets
(Shibata et al. 2007 Science 318, 1591)

2006 Dec 17 20:00-21:00 UT Call H broad band filter images taken with Hinode/SOT



Summary of “flare/CME”
observations with Yohkoh

“flares” Size (L) Lifetime Alfven t/t, Mass ejection
(t) time (t,)
Microflares 103 -104 | 100- 1-10 sec ~100 jet/surge
km 1000sec
Impulsive (1-3) x 104 |10 min—1 | 10-30 sec ~60-100 X-ray
flares km hr plasmoid/
Spray
Long duration (3-10)x 1-10 hr 30-100 sec | ~100-300 | X-ray plasmoid/
(LDE) flares 10% km prom.
eruption
Giant arcades | 10°> -106% 10 hr -2 100-1000 ~100-300 | CME/prom.
km days sec eruption




Summary of “flare/CME”
observations with Hinode

“flares” Size (L) Lifetime Alfven t/t, Mass ejection
(t) time (t,)
nanoflares ~200 km | 200- 20 sec ~10~50 Chromospheric
1000sec (Ca) jett
Microflares 108 -10% | 100- 1-10 sec ~100 _
km 1000sec jet/surge
Impulsive (1-3) x 104 |10 min—1 | 10-30 sec ~60-100 X-ray
flares km hr plasmoid/
Spray
Long duration (3-10)x 1-10 hr 30-100 sec | ~100-300 | X-ray plasmoid/
(LDE) flares 104 km prom.
eruption
Giant arcades | 10° -106 10 hr—-2 100-1000 ~100-300 | CME/prom.
km days sec eruption
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Observations of Stellar Flares
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Emission Measure (EM =n“L’)
vs Temperature DREARIZRE D o1=
(Shibata and Yokoyama 1999, 2002)




N TEETL 70 Emission Measure
(EM=n2V) [ZRE(T)EEHITEEXR
(n:BFZE., V:{AFE) (Feldman et al. 1995)
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L7 @) Emission Measure
(Shibata and Yokoyama 1999)

e Emission Measure
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EM-T correlation for solar/stellar flares
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Shibata and Yokoyama (1999, 2002)



Magnetic field strength (B) =constant
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Magnetic field strengths of solar and stellar flares

are comparable ~ 50-100 G ,
Shibata and Yokoyama (1999, 2002)
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MHD model of protostellar jets as an extention of
Hayashi et al (1996) model (Uehara et al. 2005)

Density

tme =000 . _
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vol
0.5 [ -
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15 1 2 3 4

Hayashi et al (1996)

A jet consists of two component:
reconnection outflow and
disk wind
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Schaefer, B. E., King, J. R., Deliyannis, C. P.
AplJ, 529, 1026 (2000)
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superflares

TABLE 1 Shaefer et al. (2000) ApJ 529, 1026

SUPERFLARES

Energy

Star Detector normal Amplitude Duration (ergs)
Gmb 1830........... Photography 6.45 AB = 0.62 mag 18 minutes Eg~1x 10%
kCet.o..oooiiinan 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%°
n' UMa ............. X-ray 5.64 Ly =10*" ergs s~ ! > ~ 35 minutes Ey=2x 10%
SFor .....coovinn Visual 8.64 AV ~ 3 mag 17-367 minutes Ey ~ 2 % 1038
BD + 10°2783...... X-ray 10.0 Ly=2x 10%" ergss™! ~ 49 minutes Ex» 3 x 103
0Agql...oiiiin. Photometry 5.11 AV = 0.09 mag ~ 5-15 days Egy =~ 9 x 10°7
58er coiiiiiiiiea Photometry 5.06 AV = 0.09 mag ~3-25 days Egy = 7 x 10%7
UUCB............. Photometry 8.63 Al = 0.30 mag = ~ 57 minutes Eypi=17 x 10%°

f=f=L. f=of=9l7izD T, ECET—HRMENH LN ?
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(Maehara et al. 2011, Shibayama et al. 2011,
Nozu et al. 2011)
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Will be completed ~ 2014
courtesy of Prof. Nagata (Department of Astronomy, Kyoto University)
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