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M 87 (NGC 4486) Ultra-high-sensitivity HDTV L.I. color camera (NHK)

Exp. 40 sec. (10 frames coadded) January 16, 1999 E: '|:,\ *#

Subaru Telescope, National Astronomical Observatory of Japan
Copyright © 1999, National Astronomical Observatory of Japan, all rights reserved
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Solar Physics 66 (1980) 61-70.
ON THE ORIGIN OF STRONG DOWNDRAFTS ASSOCIATED

WITH THE BIRTH OF SUNSPOTS

KAZUNARI SHIBATA

Department of Astronomy, Faculty of Science, University of Kyoto, Kyoto 606, Japan
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Nonlinear MHD Wave Propagation in the Solar
Chromosphere. I. The Case of a Uniform
Vertical Magnetic Field

Kazunari SHIBATA
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(SS433: X-ray/ASCA)
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Secondary star is either a black hole or a neutron’star
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Jets from Young Stars HST - WFPC2

PRC95-24a - ST Scl OPO - June 6, 1995
C. Burrows (ST Scl), J. Hester (AZ State U.), J. Morse (ST Scl), NASA
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Parker instability
(Parker 1966)

Instability occurs if magnetic buoyancy becomes larger than
Restoring magnetic tension

Typical wavelength : A> A, =27 =~ 0.6kpc
time scale : Tome ~3H IV, ~3x107 yr

Explains formation of large scale interstellar cloud



Nonlinear evolution of Paker Instability
(Matsumoto, Shibata, Horiuchi, Hanawa 1989)
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Nonlinear evolution of Paker Instability
(Matsumoto, Shibata, Horiuchi, Hanawa 1989)
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Nonlinear evolution of Paker Instability
(Matsumoto, Shibata, Horiuchi, Hanawa 1989)
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Nonlinear evolution of Paker Instability
(Matsumoto, Shibata, Horiuchi, Hanawa 1989)
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Molecular cloud distribution in our
Galaxy

‘Jehs P Gleason
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Solar emerging flux due to
Parker instability

(55H. B7;E. #27T 1989, 1990)
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Saturn Aurora HST « STIS
PRC98-05 « ST Scl OPO « January 7, 1998 « J. Trauger (JPL) and NASA
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North

impulsive flares
~ 1079 cm
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LDE(Long Duration
Event) flares
L ~ 10710 cm

West

RR DD

CMEs
(Giant arcades)
~ 10711 cm

(Shibata 1999)

Plasmoid-Induced-Reconnection

! (Plasmoid (flux rope) ejections) A%
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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 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 106 km |days sec eruption




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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Temperature Density

A

01 | D1D | 100 | s x S e '

15,000 km



7. mKE

Mt ERXXE&EIE
(1999 —)

NEOL7 . [BEILT7.IRIBED
L7 D§E—FET)L[1999. 2002].

SOOI REF— U TEEN—RE

HEA~.

7272 -1)aAXR7 AV ERIER

[2001]



ll‘Egj l/7 (proxima Cen)

Stel(ar F’ave |

COUNT RATE (S~
-t N

« KGZL7IC
Z oY DXER

R R
{E&RY




RIRETLT
(X#/ BT HMEE /ML 1995)

Coronet Cluster win scaceo camera (SIS) NI
Photon Energy Photon Energy H ~~
0.5 -2 keV 4-10keyv /OIS
:6-24A A:1.2-3A
: ; 1 (B E
Herbig Be 1N 152,
JHK color image

2
Herbig Ae

/
® WwWTTS

KIEILT D
I
F—D1
BfELE

Contours: molecular density

+: Proto Star ( Class | )

14 arcmin = 0.5 pc



[RIBETJL7IE. EK)aARo a3y
S CiRBHCTELAM?

* Yes

« [IEERYTZEEILAY,
Emission Measure ( EM =n*°L’)
vs Temperature DBERIZRE Dh o7=
(Shibata and Yokoyama 1999, 2002)




Ni&Z-TBEE2 L 70 Emission Measure

(EM=n2V) [ZRE(T)EEEHITHEXR
(n:BFZE. V:{AFE) (Feldman et al. 1995)

1 055 T T T T T s 'I T T T T T T T T 1

e UX Ari

o7 Peg
54| Algol -
10 *AU Mic

103 - ~
£ Stellar Flares
10— —

10°' |-

10°° |-

-3
Emission Measure (CM )

So{ar F[ares

1049_

EM = 770.2 V

10 R

3 Wt % #
47 R
1 O 2 YO

1 046 1 xl 1 1 i 1 It | 1 1 1 | 1 1 1 1 1




Al BEZ2IL7 DEM—TER

]
n On
Gy QO
T T 11
l

Stellar Flares

54; e — Feldman

59 2 1 etal. (1995)
; | OE®

50 1 Log-log plot

N
Qo
™

I
1. o))

log{ Emission Measure [cﬂ%

107
Temperature [K]

10



Al BEZ2IL7 DEM—TER

]
n On
Gy QO
LI I B I
l

Stellar Flares

50

N
Qo
™

1 =48 JL7
1 (Shimizu 1995)

I
1. o))

log{ Emission Measure [cﬂ%

Temperature [K]



Al BEZ2IL7 DEM—TER

' 58
t?'_' tellar Clares

E. 56:_ el E;K@r’m Tau

2 b4f w8 T IR EDILT
A i RIRCrA 7

é SZf 1 HIH

= DOFL 74 1 (Koyama etal.
2 a8k 1 1996, Tsubol
- et al. 1997)
5 46 F :

%D 44 § L |

10° 10%

Temperature [K]



]
O
o

~
Q0
I

B~ O

NN

56;— EM oc B—5-|-17/2 Ste [/

log{ Emission Measure [cﬂ%

—
o

Temperature [K]

ABILFEEBETILTH. T

) Em R E (T RIC <D0

50— 100G E



LY

IW—"DOREI=—5F

]
o1 o1 O
B~ O QO

Stellar

-
Flares

-

g TF3 Tau )
L-AB Dor -

e

log{ Emission Measure [crit

10°

107

Temperature [N T

RIBEILT7HR1EETHINDIE.
LT IL—T DY AL ZXBNKEN=H

B~ 102 G g
-;( 8 L~ 10107 km
A " 2
P‘I 7V 7 v [E'"°3= 8.% L3
e ’qu— 'oaears'

B~100G
{ L ~10°-10%km

/
e -
.
3 ® -

Emaa zZ Iosira,




ERe

FIL7

DETIL

Time=

(K. 27T,
Lt O

1996)

0.000 Orbits

lme =1.35 —




L 7OEM—THIFHRE]
l:ﬂQl’CL \é ' (Shibata and Yokoyama 2002)

1007
[ ]
e supergiants
]8¢ 1044
aa1eld 1sllsi? ] 5"?”
~ 108 §
2 - )
e 10 jJmain
N ] (dwarfs)
g ~ 1 -
1.2 -
17 g 107
18k 3 Wy
Ja: 8 10 "
108 |
] = | | T f 1
N a'Maci 40000 20000 10000 5000 2500
Of or Of T (K)
[4] sungsqmaT o B A F G K M

spectral type
blue red



BaABTEIL7Z()aRoay)hiecsd !

(Kudoh, Matsumoto, Shibata 2002, PASJ)
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Prediction of ubiquitous jets in the solar
atmosphere (Shibata 1998)
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GROTH ET AL.: MHD SIMULATION OF A SPACE WEATHER EVENT 25,063

Plate 7. Three-dimensional configuration of magnetic field lines 9 hours after the initiation of the CME.
The color shading represents log(B) in the (z, z) and (z, y) planes. The black lines are the computational
mesh, white lines are open magnetic field lines, and magenta lines represent magnetic field lines with both
ends connected to the Sun.
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