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Understanding the differences in 3 consecutive large flares
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Abstract.  The active region NOAA 11158 produced three large flares avat
hour interval centered on 14 Feb. 2011. The flare ribbonsreeden 1600A AIA
images reveal very fierent characters between the three. We use a model of theatoro
magnetic field topology and its evolution to explain thé&eliences in structures and
energies of these three flares.

According to the prevailing picture, coronal magnetic gyeis stored slowly
through stressing from below (the photosphere) and redec@dly by reconnection,
producing flares. A single active region (AR) typically urglees repeated flares pre-
sumably separated by periods of energy replenishment.aifarases, calledomol-
ogous flaresappear to release similar amounts of energy in similar veagch time
(Sui et al. 2004). The process of release, believed to be atiageconnection, is com-
plex enough that one expects such replication to be the ggoe@ther than the rule.
Here we analyze three successive flares which evidently essclit from a diferent
reconnection processes.

Steady energy build—up occurs in AR NOAA 11158isible on the disk between
10 Feb 2011 and 19 Feb 2011. This AR hosted three major flaigsassed the central
meridian: an M& flare on 13 Feb at 17:30, an M2flare on 14 Feb at 17:20, and an
X2.2 flare on 15 Feb at 01:45. We model the topology and energg-bipilusing a
sequence of line-of-sight magnetograms from $BKAI (Schou et al. 2011; Wachter
et al. 2011) at a cadence of 24 minutes, beginning 11 Feb @t 8/& apply the MCC
method of Tarr & Longcope (2012) to partition the magnetogflux into sequence of
unipolar, photopsheric regions. These regions form a quuede whose flux increases,
and whose elements move relative to one another. Both mesedore energy in the
coronal field according to the Minimum Current Corona mot#C(C, Longcope 2001;
Longcope & Klapper 2002; Longcope & Magara 2004; Kazacheatka. 2010, 2011,
Tarr & Longcope 2012). It is this energy which is releasedrduthe three flares.

The topology of the corona field is summarized by its so—datkeleton (Priest
et al. 1997) consisting of the spines, fan surfaces and ititeirsections along separa-
tors. These features are plotted in Figure 1 (spines as lgudisl separators as dashed
lines) atop representative 1600 A images (from $MI®, Lemen et al. 2011) from
each of the flares. Flare ribbons appear clearly in this basgjprevealing the field
lines being reconnected to release the stored energy. Rsktad to follow the spine
lines bounding the flux domains involved in the reconnectdas Jardins et al. 2009;
Kazachenko et al. 2010, 2011). Since the skeleton is compugiag a potential field,
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extrapolated from point sources, the spines do not matctitthen locations precisely,
but the resemblance is generally clear enough for the rexiom scenario to be in-
ferred.

This sequence of images show that each flare reconnectieeedt set of field
lines, thereby releasing energy stored ifiatient portions of the coronal field. The first
flare in the sequence (M&in Figure 1a) has a single strong ribbon which we believe
to be a combination of both the traditional ribbons: it liesairegion of negative flux,
along spines connecting poles N26, and positive flux where a spine would connect
P3P372 These spines are associated with domains near the centeerthiedNorthwest
of the active region. The implication is that field lines ialty connecting P3—N2 and
P37-N26 are being broken to connect P37-N2 and P3-N26 arebyhlmwering the
coronal field energy.

The second flare (M2 flare in Figure 1b) occurs 24 hours later, with ribbons
in a different portion of the AR. This is the only one with notable g@mt— even
evident in 1600 A. The ejection and the ribbons occur neacentty emerged bipole,
P52N56, in the Eastern portion of the AR. The bipole emerges assted flux rope,
and its emergence generates a pitchfork bifurcation(Br&wariest 1999) of a null
between N2 and N25, creating a coronal null in the procesg. riibons in this flare
are fainter, and diiicult to differentiate from ejecta. They principally follow spines in
the Southwest associated with the emerging bipole: th¢F®gP59 in the positive
region and N5AN1/N61. The spine lines of the coronal null appear to act as ayérid
allowing the Southwest reconnection to activate domaiss@ated with spines linking
N2/N35 and PA64, near the AR center. The lack of spines associated vhitiomis
around the twisted flux rope indicates the limitations ofepdial field extrapolations
for modeling such systems.

The final flare (X22 in Figure 1c) is the largest and most extensive of the thtge.
ribbons follow spines between P&889, P1P39, P339, our assumed realistic spine
between P#64, P64P52, NZN26, N25N56, and N2BN29, spanning the entire AR.
The strongest of these suggest significant reconnectiatupitog new field lines con-
necting P64—N2 and P59-N26, among others. These field lieemdhe center of
the AR, but link polarities which had emerged in separat®lbg Since neither of
the previous flares achieved this reconnection, its eneagyrémained untapped to be
released in this later, larger flare.
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Figure 1.  Magnetic topology overlaying AIA 1600Aimagesidarthe (a) M66,

(b) M2.2, and (c) X22 flares. Pluses and crosses denote the flux—weighted antroi
of positive and negative magnetic flux regions, respegtivalriangles show the
locations of null points in the potential field extrapolatj@nd blue solid lines the
spine field lines from each null point. Dashed lines are thpasors. The dotted
line is the spine line of the coronal null, located roughlyraMnd 10Mm above the
photosphere in figures (b) and (c), respectively.



