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Abstract
Solar 
ares and Coronal Mass Ejections are two types of solar phenomenathat occur in intense magnetic regions of our Sun. Certain mathematicalmodels have been proposed for

both phenomena that require the presence of a magnetic null point in the solar atmosphere. Unfortunately, given the current observation techniques,it is almost impossible to observe
these coronal nulls directly. An alternative approach is to combine magnetic observations and 3D modelling methods to extrapolate the coronalmagnetic �eld from the �eld of the
photosphere of an active region. We can then determine its magnetic topology, in particular the locations of the null points. As an example, we investigate here the topology of the
observed magnetic �eld of active-region AR 10486 during the time ofthe X17.2 
are, based on a 3-hour time series of SOHO/MDI magnetograms. An analysis of the physical character
and behaviour of the magnetic null points that are discovered in that region is undertaken, con�rming the prediction of a stable null point within the vicinity of the 
are site.

Introduction

� Solar 
ares and Coronal Mass Ejections (CMEs) involve the
fast release of magnetic energy and produce large-scale perturbations
throughout the solar atmosphere. The energy release mechanism gen-
erally believed to be responsible for both of these phenomena is mag-
netic reconnection which can occur at topological elements such as
null points, separatrix surfaces or quasi-separatrix layers.

� Mathematical models have been proposed for 
ares and CMEs
that require the presence of a null point in the solar atmosphere.
Here, we have been concerned with falsifying or con�rming these
models in the observed magnetic �eld of active-region AR 10486.

X17 
are observed by SOHO (MDI, EIT and LASCO) on Oct. 28, 2003

Null point tracking

� Null point properties
I The Jacobian matrix

A null point's properties are encoded in the Jacobian of the magnetic
�eld calculated at the location of the null. For each (possible) null,
it is necessary to compute the matrix.
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and determine the eigenvalues� 1; � 2; � 3, and the eigenvectors
x1; x2; x3.

I Positive and negative null points

Two basic components make up the skeleton of any 3D null: thefan
is the surface formed by the set of �eld lines radiating out of or into
the null; thespine is formed by the two �eld lines that enter or leave
the null (not in the plane of the fan).

A null point can be classi�ed as either positive or negative:

1. If Real(� 1; � 2) > 0, it is apositive neutral point. The �eld lines in
the fan are directed awayfrom the null, whereas the spine points
into the null.

2. If Real(� 1; � 2) < 0, it is anegativeneutral point. The �eld lines
in the fan pointinto the null, whereas the spine is directedaway
from it.
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� Diachronic Identity Criteria
I To establish identity through time, we require that the null

point can be traced through successive time frames.

Consider two consecutive time frames,I andJ . We will regard a null
point i in time frameI to beassociatedwith a null point j in time
frameJ if the following criteria hold:

1.dij < d nj ; 8n 6= i

2.dij < d im ; 8m 6= j

3.dij < d max

4.ni = nj

(Diachronic Identity Criteria)

wherednm is the distance between some null pointn in time frame
I and some null pointm in time frameJ , given by

d2
nm = jxm � xnj2 + jym � ynj2 + jzm � znj2

andnp is the nature (positive or negative) of a null,p.

Our approach here is to move through time frames, looking to make
associations, but without insisting that an association should be
limited to consecutive frames. When a null point we have successfully
tracked through several frames apparently disappears in a subsequent
frame, the data of its last known position will be retained with a view
to making an association in a later frame. This forms thediachronic
identity signature of the null.

Null points in AR 10486
I Magnetic �eld observations

Since current observation techniques do not allow us to observe coronal nulls directly, the approach adopted here has
been to apply the magnetic �eld extrapolation tools to data obtained from SOHO/MDI photospheric magnetograms.

I Coronal magnetic �elds
We consider the potential �eld assumption to determine the 3D magnetic�eld con�gurations from line-of-sight
magnetograms:~r ^ ~B = ~0. Field con�gurations of approximately 300 x 200 x 200 Mm were generated by this
method, de�ning thex, y, andz components of the magnetic �eld at uniformly spaced, discrete pointsin a volume
region, over the period 10:00 UT to 12:58 UT on Oct. 28th, 2003. (175 such magnetic con�gurations - or 'time
frames' - in total, at one minute intervals).

I Null point tracking
Using the null point �nding procedures created by Haynes et al. (2007), inconjunction with various analysis
programs developed by Simpson (2008), the location, physical character and behaviour of the magnetic null points
in this region during the time of the solar 
are have been determined.
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Stable null points in AR 10486
Most null points discovered by analysis of the �eld extrapolations donot persist through time, and are likely
to be unphysical, arising from noise in the magnetograms as well as theoretical constraints. For astablenull
point, N , we require that

1.N persists through time,

2. thenature of N remains unchanged,

3. the direction of the eigenvectors ofN change minimally through time

If N has an acceptable identity signature, the �rst two criteria are satis�ed. The approach we have settled on
for satisfying the third criterion involves calculating the angle between the normal of the fan plane and the
z-axis, and observing how this angle changes with time. The normal of the fan plane is given byn = x1 � x2
wherex1 andx2 are the eigenvectors of the fan plane. The angle between the normal and thez-axis is simply
given by the dot product:

n:ẑ = jnjcos(� ) ! � = cos� 1
�

n:ẑ
jn j

�

For a stable null point, we anticipate the variation in the fan plane's orientation through time to be small.

I Only 7 nulls were successfully tracked through time. Their properties
are listed in the table below.Instancesor absencesrefers to the number of
time frames that a null appears or fails to appear in. Theangle deviation
(� ) is the standard deviation of the set of angles computed for the null
using the above procedure. The null point N6 persists through time but
N6 is di�cult to track due to its noisy surrounding.

Null nature instances absences �

N0 positive 173 2 1.19
N1 negative 175 0 2.77
N2 positive 175 0 8.51
N3 negative 175 0 37.1
N4 negative 102 73 13.6
N5 positive 113 62 2.18
N6 positive - - -
N7 positive 148 27 9.2

Characteristic fan and spine directions

Conclusions

F First, we enumerated the apparent null points for all 175 magnetic con�gurations, and then obtained a set of null points that persist
through time (N0-7), requiring that the nature of a null point (positiveor negative) remains �xed. We then imposed the requirement of
geometric stability. From the above data, we can clearly see thatthe angle deviations of null points N2,3,4 and N7 are (or are close to
being) of a higher order of magnitude than null points N0, 1 and N5. By theNull Stability Criteria , we set them aside from further
analysis here.
F We conclude that there does, in fact, appear to be at least3 stable coronal null points in AR0486 during the time of the X17
solar Flare (N0, N1 and N5).
F The most signi�cant �nding is null point N0.N0 occurs in the vicinity of the solar 
are site in an area where the magnetic
�eld is strong. This is consistent with theories that have posited [a] coronal null point[s] as a necessary requirement for 
ares or CMEs.
F N1 and N5 are less physically interesting, however, occurring in parts of the active region where thez component of the magnetic �eld
is weak, at some distance from the location of the solar Flare.
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