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Abstract

Solar ares and Coronal Mass Ejections are two types of solar phentbraeaecur in intense magnetic regions of our Sun. Certain mathenratckls have been proposed
both phenomena that require the presence of a magnetic null point in thatswdsphere. Unfortunately, given the current observation technigjigealmost impossible to obser
these coronal nulls directly. An alternative approach is to combigaetia observations and 3D modelling methods to extrapolate the coragaétic eld from the eld of the
photosphere of an active region. We can then determine its magnetiogyan particular the locations of the null points. As an examm@anvestigate here the topology of t
observed magnetic eld of active-region AR 10486 during the tithe f17.2 are, based on a 3-hour time series of SOHO/MDI magnetegfamanalysis of the physical charac
and behaviour of the magnetic null points that are discovered in thainregundertaken, con rming the prediction of a stable null point withe\icinity of the are site.

Introduction Null point tracking

Solar ares and Coronal Mass Ejections (CMES) involve Null point properties Diachronic Identity Criteria

fast release of magnetic energy and produce large-scale pemsr | The Jacobian matrix | To establish identity through time, we require that the null
throughout the solar atmosphere. The energy release mechanisig » point's properties are encoded in the Jacobian of the magneticPoINt can be traced through successive time frames.

erally believed to be responsible for both of these phenomena | eld calculated at the location of the null. For each (possibld) nul Consider two consecutive time frameandJ. We will regard a null

netc r_econnectlon \.Nh'Ch can oceur at_ topologlc_:al elements s It IS necessary to compute the matrix. pointi in time framel to beassociatedwith a null pointj in time
null points, separatrix surfaces or quasi-separatrix layers. . . L _
1 frameJd if the following criteria hold:

Mathematical models have been proposed for ares and C 0 @R R |
that require the presence of a null point in the solar atmosp @X 1.dj <dpj; 8n6 |
Here, we have been concerned with falsifying or con rming M = B QB § 2.dj <djpm; 8m6 |

X
models in the observed magnetic eld of active-region AR 1048¢ @C%)Eg 3.djj < dmax

@X @Y
and determine the eigenvalues; »2; 3, and the eigenvectors 4.nj = n;

X1, X2; X3 (Diachronic Identity Criteria)

| Positive and negative null points wherednm is the distance between some null pairih time frame
| and some null pointn in time frameJ, given by

Two basic components make up the skeleton of any 3D nullarthe
IS the surface formed by the set of eld lines radiating out of or into _ 5 P _
inei - dZm = Xm  Xnj%+ >+ jzm  znj?
the null; thespine is formed by the two eld lines that enter or leave nm = JXm n]-*J¥Ym Yn] *]Zm Zn]
the null (not in the plane of the fan).

, _ _ N _ andnp Is the nature (positive or negative) of a npll,
A null point can be classi ed as either positive or negative:

Our approach here is to move through time frames, looking to makse

1.IfReal( 1; 2) > O, itis apositive neutral point. The eld lines in associations, but without insisting that an association should be
the fan are directed awdyom the null, whereas the spine points  |imited to consecutive frames. When a null point we have sucgessful
into the null. tracked through several frames apparently disappears in a subseque

2.1fReal( 1; ») < 0, it is anegativeneutral point. The eld lines frame, the data of its last known position will be retained with & vie

in the fan pointinto the null, whereas the spine is directaday to making an association in a later frame. This formsitaehronic
X17 are observed by SOHO (MDI, EIT and LASCO) on Oct. 28, 2003 from it. identity signature of the null.

Null points in AR 10486

| Magnetic eld observations Magnetic Null Pts. in Z values (Mm) |
Since current observation techniques do not allow us to observe coradiraatly, the approach adopted here has Region AR0486 .

\ | | I | | |

been to apply the magnetic eld extrapolation tools to data obtairmed SOHO/MDI photospheric magnetograms. 0.6 4 21 28 35 42

| Coronal magnetic elds
We consider the potential eld assumption to determine the 3D mageé&dicon gurations from line-of-sight 7 cnop ¢ 7
magnetogramst™ B = 0. Field con gurations of approximately 300 x 200 x 200 Mm were ¢ghénathis ! Time  : 10:07:03.23
method, de ning the, y, andz components of the magnetic eld at uniformly spaced, discrete poatglume ' Nulls = 21 (16, 57)
region, over the period 10:00 UT to 12:58 UT on Oct. 28th, 20U35. s{ich magnetic con gurations - or 'time
frames' - In total, at one minute intervals).

| Null point tracking
Using the null point nding procedures created by Haynes et al. (200¢épnmnction with various analysis
programs developed by Simpson (2008), the location, physical eharadtiehaviour of the magnetic null points :
in this region during the time of the solar are have been determined. Scale : (x 10° Mm) T Smpeen, 2008

Stable null points in AR 10486

Most null points discovered by analysis of the eld extrapolationstigersist through time, and are likely | Only 7 nulls were successfully tracked through time. Their propertie

to be unphysical, arising from noise in the magnetograms as well etit@constraints. For atablenull | are listed in the table belownstancesor absenceseters to the number of
point, N, we require that time frames that a null appears or fails to appear in. dihgle 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
2. thenature of N remains unchanged, N6 is di cult to track due to its noisy surrounding.

3. the direction of the eigenvectord\bfthange minimally through time

1.N persists through time,

Null nature instances absences
If N has an acceptable identity signature, the rst two criteria ares sati The approach we have settled ¢ iy

.. . L . NO positive 173 2 1.19
for satisfying the third criterion involves calculating the angtesden the normal of the fan plane and t N1 negative 175 0 > 77
Z-axis, and observing how this angle changes with time. The normal of tharianggiven by = x1 X» N2 positive 175 0 3 '51
wherex 1 andx o are the eigenvectors of the fan plane. The angle between the normlaé arakis is simply N3 negative 175 0 371

given by the dot product: N4 negative 102 73 136
N5 positive 113 62

n:2=jnjcogy )! = cos * 4 ' . L
jnj 5( ) N6 positive _ _ Characteristic fan and spine directions

For a stable null point, we anticipate the variation in the fan pgoeentation through time to be small. N7 positive 148
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