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An important indicator of a solar flare:
development of magnetic shear
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Magnetic shear develops during a preflare phase.
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Objective of this study:
present a quantitative description of magnetic shear
which is useful for the prediction of a flare

4 )
A quantity representing magnetic shear:

magnetic helicity
H:]fA°BdV,B:VxA

B: Magnetic field
A: Vector potential of B




Derive the evolution of magnetic helicity
by using a prescribed model

2
dH _ . @
dt ° L
P.IL Vs cf. Priest & Forbes (2000)

We calculate the temporal development of H in a flare-productive
region to see the feature of helicity evolution that relates to the
occurrence of a flare.



Target region:
NOAA10930

observed in December 2006

Tue Dec 12 17:36:38 2006
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An X-class flare occurred on Dec. 13;
2006.
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The method of analysis:

Observed coordinates Disk-center coordinates

Transformed

e
=R, - R

Vector magnetic field obtained Projection effect is removed in

by using the Milne-Eddington the coordinates where the disk

approximation center is fixed at the peak flux

(Yokoyama, Katsukawa, & location of A

Shimojyo, in preparation) the negative spot. () >
()
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Distance and shear speed
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The distance and shear become
saturated toward the onset of a
flare.
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Helicity evolution

150]
i shear speed
o B f Bl
- L.
. 8 B _ AH g ] Onset time of
N - = i the X-class flare
= i = 0 : ‘ :
b 6 = ] 0 1x10°  2x10°  3x10°  4x10°
F_) r E Elapsed time (sec)
x L =
z : AH becomes
2F Onset time of 2 saturated toward
i the X-class flare :
O 1 1 1 ;
; e s, - the onset of a flare.

Elapsed time (sec)



Physical explanation of the saturation:

A suggestion from a flux-emergence simulation

Bz

t =000 52-10 1 2 5 MHD simulation from Magara (2004)

z = 0,00

AH

After the axis of the flux tube
emerges into the surface, the
saturation occurs.
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before the axis emerges into the surface after the axis emerges into the surface
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Plasma drains Plasma accumulates at the dip
=> enhances buoyancy => reduces buoyancy

=> active emergence => slow emergence



Observational investigation into
the emergence of a twisted flux tube

transverse comp. vector along the N.L.

BS_BL-JS }%I
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surface
cross section surface
of the flux tube
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flux tube — :

time
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The evolution of photospheric vector magnetic field gives an
observational evidence that a twisted flux tube emerges into
the surface.
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A result obtained by
Hinode '
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A Kkey process leading to the onset of a flare
... Emergence of the axis of a flux tube

Below the emerged axis a current sheet forms, in
which reconnection occurs to produce a flare.

axis

current sheet

emerging field
surface
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Although it may not be observed directly, the 4
emergence of the axis can be expected from
the saturation of helicity, which is obtained
from photospheric observations.
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The saturation of helicity is an indicator of the

possible occurrence of a flare.



Flare type and helicity evolution

preexisting field

current sheet

_f/// emerging field

axis

current sheet

surface surface
&/
A A
1
1
2 = :
k) 2 !
[ @ '
T T :
1
I
> ' >
flare  flare  flare time g%;%t time

onset onset onset

Interaction type Stand-alone type



Conclusion & Summary

Hinode's time-series (four days) data of photospheric vector
magnetic field have the following advantages.

1) To show long-term evolution of photospheric
polarity regions, where the projection effect is
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corrected
2) To present an observational evidence that the
emergence of a twisted flux tube actually works and | Q== -
how magnetic shear develops in the surface /\
. . 1 . . o c) \
Using Hinode's observations, we investigate a key oo :
of —

feature of a flare-productive region. The saturation

—AH (x10*"M:?)

of helicity is an important indicator of the possible 7 |
occurrence of a flare.
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L This work is reported in Magara & Tsuneta (2008).
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Shear effect is dominant at the late phase.




Photospheric distribution of current density
in a flare-productive region (observation v.s. simulation)
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