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Abstract

We have performed the analysis of the magnetic topology of active region NOAA 10486 before two large flares occurring on October
26 and 28, 2003. The 3D extrapolation of the photospheric magnetic field shows the existence of magnetic null points when using two
different methods. We use TRACE 1600 A and 195 A brightenings as tracers of the energy release due to magnetic reconnections. We

conclude on the three following points:

1. The small events observed before the flares are related to low lying null points. They are long lasting and associated with low energy

release. They are not triggering the large flares.

2. On October 26, a high altitude null point is found. We look for bright patches that could correspond to the signatures of coronal
reconnection at the null point in TRACE 1600 A images. However, such bright patches are not observed before the main flare, they

are only observed after it.

3. On October 28, four ribbons are observed in TRACE images before the X17 flare. We interpret them as due to a magnetic breakout
reconnection in a quadrupolar configuration. There is no magnetic null point related to these four ribbons, and this reconnection

rather occurs at quasi-separatrix layers (QSLs).

We conclude that the existence of a null point in the corona is neither a sufficient nor a necessary condition to give rise to large flares.

© 2007 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Coronal activity such as flares, eruptions and general
heating is often attributed to the manner in which the coro-
nal field responds to photospheric motions. A very power-
ful tool to understand where the energy could be deposited
is to study the magnetic topology of the active region, since
it defines where magnetic reconnection is expected to occur
(see the reviews of Démoulin, 2005; Longcope, 2005). The
majority of the pioneer investigations considered a simpli-
fied two-dimensional geometry in which magnetic recon-
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nection occurred at an isolated X-point or magnetic null
point (Sweet, 1958). Field lines passing at the X-point
defined two separatrices.

Baum and Bratenahl (1980) revisited this idea and pro-
posed a 3D quadrupolar configuration, where two separa-
trix surfaces intercept along a single field line called the
separator (which joins two magnetic null points). Magnetic
reconnection does not occur only at the null points but
rather along the separator in the corona. Many papers
have appeared based on this 3D approach to explain flares
(Démoulin et al., 1993; Mandrini et al., 1995), see Démou-
lin (2005) for a review. The locations of flare ribbons are
understood when the separatrices are found in magnetic
configurations modeled with sub-photospheric sources.
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The magnetic field configuration near a null point typically
shows a fan and a spine structures. Fan and spine recon-
nection solutions around magnetic nulls have been
obtained both numerically (Craig and Fabling, 1996; Craig
et al., 1999) and analytically (Ji and Song, 2001). Some
flares show evidence for the existence of magnetic null
points in their reconstructed magnetic configurations (Par-
nell et al., 1994; Aulanier et al., 2000, Manoharan and
Kundu, 2005), but not all of them (Démoulin et al., 1994).

Further investigations have been done, either by increas-
ing the number of flux tubes, modeled by magnetic sources
(Longcope and Klapper, 2002), at the photospheric level or
by extending the concept of separatrices to quasi-separatri-
ces layers (QSLs) for general magnetic fields anchored to a
boundary (Démoulin et al., 1996). QSLs are present where
the gradients of the field line connectivity are large. QSLs
generalize the definition of separatrices to cases where no
coronal magnetic null is present and, so, they are the sites
where magnetic field reconnection will naturally occur.
This has been shown to be the case in several observed
flares (Démoulin et al., 1997; Mandrini et al., 1997; Bagala
et al., 2000 and references therein). Such topological prop-
erties are insensitive to the detailed geometry of the mag-
netic field, and thereby create a very robust tool to
understand the loci of flare energy release (see reviews of
Longcope, 2005; Démoulin, 2006).

We analyze topologically an active region before very
energetic flares to understand the relationship between
solar flares and the existence of magnetic null points in
the corona. We also test the possibility that QSLs play a
similar role as null points in the reconnection process pro-
posed by Aulanier et al. (2006). We have concentrated our
study on the magnetic configuration and topology of AR
10486 before the 3B/X1.2 flare on October 26, 2003 and
the X17 flare on October 28, 2003.

2. Observations

Active region NOAA 10486 (S17, L283) is one of the
three main flare-productive regions that appeared in the
period of October 18 through November 4, 2003 (Zhang
et al., 2003). This region produced 7 X-class flares (includ-

ing the largest X28 flare in GOES observational history)
and 15 M-class flares during this period. This period of
activity has been intensively studied. However, few papers
are directly related to the magnetic configuration of this
active region (Zhang et al., 2003; Régnier and Fleck,
2004; Li et al., 2006; Mandrini et al., 2006; Schmieder
et al., 2006). As shown in Huairou magnetograms (Zhang
et al., 2003), the AR field is highly non-potential (taking
into account the direction of the transverse field), and the
degree of non-potentiality is variable in different portions
of the active region. This AR is characterized by strong
magnetic shear, successive flux emergence, continuous sun-
spot rotation, and complicated magnetic topology (Li
et al., 2006).

Fig. 1 shows the longitudinal magnetic field observed by
THEMIS in MSDP mode in the Na D1 line at 0.24 A from
line-center starting at 08:55 UT on October 26, and at
15:23 UT on October 28 (the scan of the region took
25 min). The active region develops in a remnant one and
presents mainly four polarities: the remnant negative polar-
ity (1), the leading new polarity consisting of two sunspots
(3), and two positive polarities (2 and 4) separated by a
bridge of negative polarity (Fig. 1). Many satellite sunspots
with different polarities appeared in the region, some of
which shared their penumbra with the main sunspots,
forming the & configuration of the active region. On Octo-
ber 26, new bipoles emerged continuously between polari-
ties (2) and (3); they consisted of many new magnetic
elements, such as (2’) and (3’). During all this emergence
new magnetic connectivities were probably established
between existing and new fields. The onsets of the two
flares occurred along the inversion line between the nega-
tive bridge and the positive spots (2) and (4).

3. Magnetic topology of the active region on october 26, 2003

We compute the large scale magnetic topology of the
region, which is less sheared than the core field, as found
in other ARs (e.g., Schmieder et al., 1996). When the mag-
netic shear is moderate, the separatrices and QSLs depend
mostly on the distribution of the photospheric vertical field
component. The effect of an increasing magnetic shear is

Fig. I. THEMIS/MSDP observations showing the longitudinal magnetic field of AR NOAA 10486 on October 26, 2003 at 08:55 UT and on October 28 at
15:23 UT. The active region is formed by four main polarities (1, 2, 3, 4). The white/dark pixels in the regions of strong negative/positive field correspond
to the locations of the ribbons of the X17 flare. Therefore, the magnetic field cannot be calculated correctly at these locations.
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mostly to shift the spatial locations of the separatrices and
QSLs. However, such an approximation is not appropri-
ated for studying the main flare which involved a strongly
sheared core field.

The photospheric magnetic field observed by THEMIS
has been extrapolated using a linear force-free field model
(ﬁ x B = aB) to infer the large scale 3D magnetic structure
above the region. The extrapolation was performed with
the code developed by Démoulin et al. (1997), which is
based on a fast Fourier transform method proposed by
Alissandrakis (1981). A longitudinal magnetogram of size
L x L is first selected including the studied AR and its sur-
roundings. The Fourier transform of the magnetogram
introduces the spatial modes k,=2nn,/L, k,=2nn,/L
with n, and n, being positive integers (the mode
n, = n, = 0, corresponding to a uniform field is supressed;
this has negligible effect if the selected magnetogram has
well balanced magnetic polarities and/or is large enough).
The fast Fourier transform implies a periodicity in both
horizontal directions (x,y), producing aliasing effects at
the borders of the computational domain (see Alissandra-
kis (1981) for a description). The magnetic interaction of
the studied domain with the periodic images is minimized
taking the largest possible L and not including the mag-
netic connections to the lateral boundaries. Finally, the
field of each mode depends with height, z, as exp(—/z) with

1= ./k —|—k§ — o2, This implies a maximum value of o

(0tmax = 21/L) if we impose that the magnetic field should
decrease to a negligible value at large heights (otherwise
the large scale modes have a sinusoidal dependance with
height, creating, in particular, false nulls at large heights).

The free parameter, o, of the extrapolation is usually
selected by minimizing the distance between the observed
loops and the computed field lines (Green et al., 2002).
Alternatively, two extreme limits can be used, the potential
field (« = 0) and the maximum value (0,,x). The magnetic
null points are located finding numerically the roots of a
system of three equations. The starting point of the finding
algorithm scans a 3D mesh set on the region of interest in
the extrapolated magnetic field. This procedure can be

optimized by starting the search only at locations where a
null point is most likely to be present (Démoulin et al.,
1994).

Fig. 2(left frame) represents the extrapolation results.
We use a current-free field model because we are trying
to understand the origin of large scale events in the envi-
ronment of AR 10486. Two magnetic null points are pres-
ent in the low corona above the active region (NP2 and
NP3). NP2 is in the corona (=7 Mm) and NP3 is just above
the chromosphere (/2.3 Mm). The topology shows the
typical fan and spine structures. The fan structure of
NP2 is only partially depicted by the long and dark thin
lines in Fig. 2. The spine field lines are shown only close
to the null point; they connect to a far region, north-west
of AR 10486. The fan and spine structures of NP3 are
depicted by the short and dark thick lines in Fig. 2(left).

We used a second code written by M.T. Song (Song and
Zhang, 2005; Song et al., 2006). It was written based on the
analytical solution of Chiu and Hilton (1977), i.e., it
employs the Chiu and Hilton Green functions. The bound-
ary conditions used in our computation are the observed
photospheric longitudinal field data and o. Actually, o
depends on the observed photospheric field. Based on the
observed photospheric vector magnetic field from Huairou
Solar Observing Station, we first use the longitudinal com-
ponent to compute the linear force-free field in the photo-
sphere (z = 0) with different « values, and then we compare
the computed transverse field with the observed one and
determine the computed field that is closest to the observed
one. The corresponding o value is then used as a boundary
condition in our computation using MDI longitudinal field
data. We use the method proposed by Zhao et al. (2005) to
search for magnetic null points in the extrapolated data
cube; this method employs the Poincaré index of isolated
null points in a vector field. We refer the reader to Zhao
et al. (2005) for a detailed description of the method.

We use o=-25x10">Mm~' for the large-scale
extrapolation presented in Fig. 3 (left panel). With this
model we find two magnetic null points in the corona
above the active region. One null point, NP1, is rather high
in the corona (=113 Mm) and another one is much lower

TRACE 1600

05:50:24 UT

Fig. 2. Left panel: Extrapolated magnetic field lines using the longitudinal magnetic field of THEMIS on October 26 with Démoulin’s code under the
assumption of a current-free field. Right panel: TRACE 1600 A image with 8 boxes marking the regions for which the light-curves are shown in Fig. 4.
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Fig. 3. Extrapolated magnetic field lines using the longitudinal magnetic field observed by MDI on October 26 (left) and 28 (right) with Song’s code under
the linear force-free field assumption with & = —2.5x 107> Mm ™! and o = —2.8 x 1072 Mm ™!, respectively.

(=31 Mm). This later null is indeed NP2 found with the
previous extrapolation. It involves the same photospheric
polarities, but it is shifted to larger heights both because
of a finite « value, and because a larger scale magnetogram
is considered. This illustrates the influence of the extrapola-
tion method on the location of this magnetic null and its
related separatrices. Then, we can estimate the locations
of regions to look for the hypothetical brightenings due
to magnetic reconnection at this null point.

Both NP1 and NP2 are found at comparable locations
in the extrapolation of the October 28 magnetogram
(Fig. 3, right panel), so it seems that both nulls are stable
and defined by the intensity and locations of the main mag-
netic polarities. However, NP1 was not found with the first
potential extrapolation (Fig. 2, left frame). This sheds some
doubt on the validity of NP1. Actually, it is an artificial
null due to the linear force-free field assumption, as fol-
lows. It is well known that a linear force-free field model
possess artifacts at large distances. The Chiu and Hilton
Green function itself vanishes at a height z ~ 2.8/a due to
the oscillatory nature of the linear force-free field at large
distances. To check the validity of the null points detected
in our extrapolated data, we take two other o values,
—1.6x10>Mm ' and —1.2x 107> Mm™". The null point
NP2 stays approximately at the same location in all three
cases. However, NP1 changes its height with o and the
height is very close to 2.8/a, while its location in the X
and Y direction does not change. Therefore, NP1 is an arti-
ficial null point due to the linear force-free field
assumption.

Does magnetic reconnection occur before the main flare
at the high altitude null point as proposed by the magnetic
breakout model for the initiation of CMEs (Antiochos
et al., 1999)? This model invokes the presence of a magnetic
null point at coronal heights above a highly sheared arcade,
where reconnection could occur in a quadrupolar magnetic
field configuration. The reconnection process decreases the
magnetic field tension on the arcade and lets it erupt. As a
consequence of reconnection, brightenings in the chromo-
sphere could be expected at the separatrix locations. Even
though the energy release at this time would be much
weaker than in the main phase of the flare, weak brighten-

ings are expected. The study of the magnetic topology gives
us the location of these possible ribbons.

TRACE 1600 A images display several bright areas
before the flare onset (Fig. 2, right panel: regions A, C,
D, E and G). The light-curves of these regions are pre-
sented in Fig. 4. The brightness of these regions shows a
fast increase around 05:50 UT in both 1600 and 195 A.
The enhanced brightness (emission) in these regions pro-
vides evidence for magnetic reconnection at NP3, its fan
and spine intersect the photosphere in regions A, C, D,
and G. This reconnection should occur before the main
X1.2 flare (at 06:12 UT). However, Li et al. (2006) showed
that reconnection at NP3 is not physically connected to this
major flare; the energy release process occurred, indepen-
dently of the flare, in a limited region at low heights.

The fan of NP2 reaches the photosphere in regions A, B,
F, and G and the spine in region C. However, no bright
patch was observed in these regions before the flare. But,
just after the flare, bright TRACE 1600 A patches were
observed, suggesting that magnetic reconnection occurred
at NP2 at the flare time due to the eruption of lower mag-
netic field lines. Therefore, reconnection is just a byproduct
of the large 3B/X1.2 flare rather than its trigger. This warns
us that we should be very cautious when interpreting the
observed flare precursors, since the precursor brightenings
are only associated with the low-altitude null point (NP3),
independent of the main flare, and not with the high-alti-
tude null point (NP2) as the magnetic breakout model
would predict.

4. Magnetic topology of the active region on October 28,
2003

On October 28, we are able to identify four ribbons
already at 10:14 UT, and they are present until the large
X17 flare occurrence (ribbons, R1, R2, R3, R4 in Fig. 5).
The problem is to determine if a reconnection process
can occur in the quadrupolar configuration described
above and can heat the chromosphere at these specific loca-
tions. We computed the coronal magnetic field under the
linear (constant o) force-free field assumption using both
Song’s and Démoulin’s codes. The latter model takes into
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Fig. 4. TRACE 1600 A light-curves on October 26 before the large X1.2
flare at 06:12 UT for the 8 marked regions in the right panel of Fig. 2.

account the transformation of coordinates from the AR
location to disk center. The magnetic field model depends
on the free parameter «. We have taken as boundary con-
dition for our coronal model the MDI magnetogram clos-
est in time to the X17 flare.

Our first attempt was to use Song’s code taking
a=-2.8x10"2Mm '. We found no magnetic null point
to explain the locations of the four ribbons since NP2 is
associated with the topology of the field at large scales

TRACE 195A 10:14:20 UT

(partly rooted outside AR 10486, Fig. 3, right panel). Next,
since the magnetic field is highly non potential, we show the
results with the highest possible value of o, o, allowed by
Démoulin’s code for a size of our integration box that
includes all the AR polarities, and is large enough to avoid
aliasing effects (Démoulin et al., 1997; Green et al., 2002).
This value is « = —1.6 x 107> Mm ™~ '. We found a good fit
between the computed magnetic field lines (Fig. 5, right
panel) and the loops observed by TRACE in 195 A,
described in Mandrini et al. (2006). But, also in this
approach, we could not find a magnetic null point to
explain the observed four ribbons (another null point is
also found on the October 28, but it gives a magnetic topol-
ogy which is too localized; see the end of this section).
Still, the magnetic field model gave us information about
the magnetic complexity of the AR in the corona and
allowed us to find clues about the location of possible
reconnection sites, as discussed below. The field lines in
Fig. 5 (right panel) have been computed starting integra-
tion at the photosphere within the four polarities described
above (1, 2, 3, 4). It can be seen that the computed field
lines connect the kernels in pairs. The continuous thin field
lines to the east connect the elongated kernel lying along
polarity 2 to the U shape kernel on polarity 1, while the
ones to the south-west connect the compact kernel at the
south of polarity 3 to the extended kernel lying to the east
of polarity 4. In an analogous way, kernels lying on 2 and 3
can be connected by the thick field lines to the north, while
those lying on 1 and 4 are linked by the thick field lines to
the south. We have obtained similar results using the linear

—40

Fig. 5. TRACE image in 195 A and extrapolated magnetic field lines over the MDI magnetogram of AR 10486 on October 28, 2003 (grey thin/black thick
lines before/after the reconnection). The figure shows the four ribbons for the large-scale event: (R1, R3, R4, R6). The axes are labeled in Mm and the
isocontours of the field correspond to +100, 1000 G in thin continuous (dashed) lines for the positive (negative) values.
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Fig. 6. Extrapolated field lines over the active region on October 28, 2003, using the Song’s code. Left panel, perspective view; right panel, projected view.
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force-free field extrapolation given by Song’s code (Fig. 6).
This coronal connectivity combined with the evolution
observed in UV with TRACE strongly suggests that the
four kernels are the result of magnetic field reconnection
occurring at coronal heights.

The brightening of the four main ribbons can be
explained in the context of the magnetic breakout model
(Antiochos et al., 1999). However, we have not found such
a null point in connection to the field lines that link the four
observed kernels. Instead, we have found the ribbons at the
end of the four magnetic connectivities shown in Fig. 5.
QSLs are defined as thin volumes in which field lines dis-
play locally strong connectivity gradients, as shown in
Fig. 5. Recent papers have shown that strong electric cur-
rent layers are present at QSLs (Aulanier et al., 2005,
2006; Biichner, 2006; de Moortel and Galsgaard, 2006).
Following these studies we propose that, in this particular
example, reconnection occurs at QSLs (instead of at a mag-
netic null point), being the evolution predicted by the mag-
netic breakout model still fully consistent with our
observations.

Finally, the brightest region observed in the middle of
the left panel of Fig. 5 corresponds to a small flare. We
have found a low null point similar to the low altitude
NP3 on October 26, 2006 (Fig. 2, left panel). Magnetic
reconnection occurring at this null point permits us inter-
pret the small flare ribbons and loops observed with
TRACE 1600 A and 195 A filters. This small flare has no
relationship to the large X17 flare (Mandrini et al., 2006),
contrary to the four ribbons identified above.

5. Conclusion

We analyze the potential role of magnetic null points in
large flares studying a powerful active region, AR 10486,
on October 26 and 28, 2003. The aim of this work is to
check if such null points have the importance that some
theories give them in the flare process. More precisely, we
check if a null point is present in the magnetic configura-
tion where large flares occur. If the answer is positive, we
check if its associated magnetic topology can explain the
spatial organization of the observed flare brightenings (rib-
bons, loops).

The determination of magnetic null points relies on
the coronal extrapolation of the observed photospheric
field. The presence of nulls can, a priori, depend on
the type of technique used. Then, we compare the results
of two numerical codes. Both use a linear force free field,
but differ in the method (Green functions and fast Fou-
rier transform). The two methods have different biases,
in particular for the determination of null points. Both
codes have been successfully used before to interpret var-
ious observations. In particular, linear force-free extrapo-
lations were shown to be sufficient to understand the
spatial organization of ribbons in many flares where sep-
aratrices and/or QSLs were computed from the
extrapolations.

From the two different extrapolation methods we find
three null points, NP1, NP2 and NP3, in the magnetic con-
figuration of AR 10486. NP1 is at the largest height and it
is an artificial null due to the linear force-free field assump-
tion (linked to the spatial oscillations of such field at large
distances). NP2 is relatively high, but no flaring emission is
associated to this null point. NP3 is low (few Mm above the
photosphere) and it is well associated to confined small
flares (brightenings and heated loops are observed in the
vicinity of its fan/spine) (Luoni et al., in press).

However, we show that the existence of magnetic null
points has no crucial role in triggering the main flares on
October 26 and 28, 2003 (an X1.2 flare and X17 flare,
respectively). The location of the brightenings and loops
of the pre-events are explained by the magnetic topology
of a low lying magnetic null point (NP3 on October 26).
However, the pre-events of the X1.2 flare on October 26
were not precursors of this large flare. Two days later, a
magnetic null point was still present at low altitudes.
Reconnection at this null point can only explain the
observed small flare. The large flare was produced indepen-
dently of the presence of the null point (Mandrini et al.,
2000).

One pre-event of the flare on October 28 was recognized
to be a precursor of the main flare, opening the overlaying
field lines by a magnetic breakout mechanism before the
main energy release. However, the reconnection occurred
at quasi-separatrix layers (QSLs) rather than at a null point
or at separatrices.

Therefore, we conclude that the presence of magnetic
null points does not always lead to the occurrence of flares,
in agreement with the conclusions of Aulanier et al. (2006)
derived from 3D MHD simulations. Moreover, low energy
release occurring nearby and before the main flare, usually
called a pre-event, is not always triggering the main flare.
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