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Cosmical MHD Phenomena.

I. So 'ar Flares |
!
—~ A Laboratory for Magnetic Reconnection — '

K. Shibata. (NAO, Japan )

1. Intvoduction
- What is a solar flare 2
-~ Basic diﬁ‘im/f,
- Ma.gnet:‘c. reconnection iheorg/ !

- Fundamentel qu estions

2 Yohkoh Observations of .
Solar Floves ‘

- Obsevvabional evidence of rewnnection
- numerical simulation model

3 A Unified Model of Flares

4. Summarg and Remainin*
Questions



What is a solar flove ?

exPlosion in the solar a{:m05p|1ere,

“sudden” release of @ huge
amount of eneryy
29 32
~ 0 — 10 e%

time scale ~ a fow min — O few hours

size ~ 104 — '105 km

observed in all electromagnetfc spectmm

white light ( yare )
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Typical Flure, Light Curve
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Fig. 2. Typical curves of the flare time development at different wavelengths: 3 km (100hHz)
100 m (3 MHz), 1.5 m (200 MHz), 10 cm (3000 MH2z), { ¢cm (30 GHz), 6563 A (Hx), 300-1300 A
(UV), 2-12 A, <1.2 A (>10keV), <0.25 A (>50 keV), and <0.06 A (=200 keV}. NT indicates a
non-thermal and T a quasi-thermal component of a burst. The lowest frequency is recorded in a
radio type HI, and the highest one in a hard X-ray burst. In exceptional cases, a y-ray burst at still
higher frequencies can be observed, with time development probably similar to the hard X-ray tu-st,
but slightly delayed (cf. Figure 118). “

from Svestkn, SO‘OY‘HNQS

Figure 3 shows in a schematic way the energy range of protons and electrons that 9%
are produced in flares and either can be observed directly in space or deduced from
effects they produce on the Sun. The curve shows the maxwellian distribution of
thermal particles which exists in each flare at temperatures between several million
degrees and more than 107 deg (here T=107 K has been chosen as an example).
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energy Source
‘magnetic energy stored

in the solar atmo.rpher&

\
2
Eneg = — L
2 3

X 4 X 0 ery (Fg@_c'r) (lo"—";m)

this is sufficient o explain
observed fotal energy of flares

,qu — 1032 erg




Basic di Fficulty to understand flares

observed time sale : tﬂm & a few min -
a few hours

magnetic diffusion time ; Tp
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Magnetic Reconnection Theory

Sweet— Farker mode|  (1957)
effect of flow
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much faster than simple diffusion

but still much slwer than
veal solar +lare
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Tearir% Instabilit:{ ( Furth J Ki“een)
Rosenbluth 1963)
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Petschek model (1964)

eﬁect of slow shock : -8'7! -5 1 PU

/ slow shock

reconnectwon

V@Y] smll di'ﬁ’u.fion regl'on

trec = 10-100 Ta ~ Tflare [
(< Fom o )

Numerical Simulation

Uﬂai and Tsuda C1977)

Sato and Hoyashi (/979
confirmed FPetschek model




Controversies

Biskamp (1986) criticized Petschek model, and
showed externa| d[iving under Hﬂ.LfOLm_I’.EﬂSM

does not lead To fast (Petschek) reconnectior

Priest and Forbes (1989)
boundary condition (external driving )

is essential <for Fast reconnection

-rajima and Sakai (1986, 29)

localized current distribution
with nonsteady effect can lead To

fast (explosive) veconnection
Uaai C1986-97), Scholer (19877, Jamitzky C1997),
Yokoyama~ Shibata. (1994)

palrt,y in agreemenl with Biskamp (1986),
but showed +that

focalized resistivity (such as anomalous
resistivity ) can lead 1o fast reconneclion

\

needs very small scale

9
YEO”-LOYMO? ~ ’Ozcm << Lflare"’locm



We need not on!y thin current sheets

but also localized current sheets

W
( 4 N
o -5 does not lead 1
fast reconnection

Q ~ 10 —1008
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What is the condition for /oca/izec/

current sheet ¢



Fundamental Ages’h'ons

e What is the condition for ast veconnection ¢

(ocalized
( ocac:frerent sheet )

o Is magnetic reconnection really occurring

in solar flares ¢

o If yes, is magnetic reconnection

imporfant in Solar -Flares ?

[ Note that there are many
anti- reconnection _models for flaves

€.9» Al‘cven, AkaSofu, )
i Feldman |




2. Yohkoh Observations of
Solar Flares

YOH(O"I = F‘%t "sun beam”

5 55
Solar X-ray  observing satellite

faunched on Aug. 30, 1991
(Japan - US - UK praject )

Soft X-m] ‘fefescope ~ | keV
(SXT) thermal plasme.
-20x10° K
hard X-ray telescope (22007

10 — too keV
& (HXT) 'non-thermaf electron

Yohkoh discovered that

- Solar covona is much more dynam/c
than had been thoughl

- a lot of evidence of reconnection in flares
(eq, cusp, plasmoid, jets, ... )
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CSHK P model

Carmichel (1964, Sturrock (1966)
Hivayama. (1974), Kopp - Preuman (1976

— /'/o( two r.‘uon
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L_DE ﬂms VS, lmpu|sive '”qres

(Qong duration event)

arvcode flaves vs.
CME related flases v

ejective floves VS

foop flaves

¢ compact flaves

confined flaves

cusp non-cusp

) A

reconnection non-reconnection 1



Impulsive T lare
Ay 7 70P

Hard Xrays ;5;% X g
!_oop Top (252
Sourcé
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e X EX 15
tavd X-rays (B 1h7-)
( contour)

+
soft X“Yay5
( color)

Masuda €tol (1994
Nature 37! 475
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P(asmoid/ filament

veconnection 3£

HXR foo p source.

SXR foop
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0—0ct—92

X-rey Plasmoid

l:T]‘ect:'ans from

Impulsive Flare

on 5 Oct 1992

( Ohyama. £ Shibata
1997 )

he,ight of
A plasmoid

HXR
>
‘."'/’Ulﬁvg t
phase

14
strong accel of

plasmoid before
impulsive HXR
eak
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Large Scale Arcade Formation
(3|obal Yestru;f';:n‘riz) Apr 1994

e .m" ' ' '

(McAllister

et o,
1995 )
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dN/dW per day

dN /dW per day
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Emera‘mg- Flux Model

He/ vaerts elol 197¢
Canfield etof. 1974

% coroni.

emerging S
Flux \

a ‘ PhotOSph ere

(Selar
\\ ;urfa ce )

9 convection

A zone.




-k = A .| x4 N

-~ & A s .

aa N AR E LA BB A

-

emperature
o = 70.0 ~

= 5.

80 100 -6 -4 2 | m- qure, I8,
. 1995) #®
Yokoyama end Shibata ((1‘196))‘ PAST



Sum mary | |
ﬁ“\uk Cﬂr’,

flares sizeaf B Cwey tA

, ckm)  (G) (erg)  (sec) (su)
transient 3 4 L2 4XIOS Li 4 (0
- brightening. 010" 10" _qx0 9I-1

(microflare)
Wﬂ ve io® 10
= .
3%&&""’ 0t 1o Lirge $o-s00 %
Ew=n® = 2/Va
e - 0 (R
E:bs 10— 100
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Celestial Objects in Quasi- Hydrostatic
Equilibrium
mass ejection

g==3e disk O

convection
magnetic buoyancy
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Hypothesis ....... Plasmoid ~ Induced - Keconnection model

focalized current sheel

impulsive phase of solar flares
= ejection of lavge plasmoids
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[Ordcv-o} ma,m{udc estimale of

hys cal antities in im als:ve.
PRy v phase.

— J

our hypothesis . —
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4. Summar] and Remaining
@uestions

~Summary

e Yohkoh discovered a lot of evidence

of reconnection in solar flares
- cusp shaped [foops / arcades

- Qoop Top hard X-my sourcé (ﬁitc.k ?2)

~ plasmoids and J'ets

e %lﬂkoh observations revealed o common
nature of various flaves, Leading To

unified view of flares and mass ejections

e A unified model ( plasmoid~induced- reconnection
model ) Lo presented

-~ pfafmoids limit the Ienst‘" °JC

current sheet

- monsteady ejection of large plasmoids
is the direct origin of impu/.s‘i:/e,
‘phase of flares

- cuyvent sheet has a fractal

structure consisting of
many  plasmoids
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Remaining, @uestions

o What is the condition for fast veconnection
e What is the origin of resistivi'fy ?

9
Vien-Larmor = 10 cm <Y L.n_ﬂme’«'" IO cm

o What is the mechanism of
particle acceleration 2

o What is the pre--ﬂare energy
build-up process ¢



