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Abstract. We describe a filament destabilization which occurred on May 5, 2001
in NOAA AR 9445, before a flare event. The analysis is based on Ha data acquired
by THEMIS telescope in IPM mode, Ha data and magnetograms obtained at the
Big Bear Solar Observatory and 171 A images taken by TRACE. As inferred from
line of sight velocity maps, prior the pre-flare phase (~ 2 hours before the flare peak)
the western part of the Ha filament shows a slow breaking into two threads and
one of them disappears ~ 10 minutes before the peak of the flare. Our analysis
of longitudinal magnetograms had shown the presence of a positive knot inside a
region of negative polarity, which concides with the site of filament bifurcation. We
interprete this event as a two-step reconnection process: the first reconnection in the
lower atmosphere which led to the filament bifurcation and the second reconnection
higher in the corona related to the eruption of the filament.
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1. Introduction

Filaments, or prominences when observed at the limb, although beeing
coronal features, are more clearly seen in the chromospheric Ha line,
where they appear as dark, long and narrow structures.

Observations indicate that filaments form above the polarity inversion
line (PIL) of photospheric magnetic fields and that changes in the mag-
netic field configuration may be closely related to energetic events like
flares and coronal mass ejections (Tandberg-Hanssen, 1995; Martens et
al., 1989; Smith et al., 1992).

Some authors (Antiochos and Klimchuk, 1991; Antiochos et al., 1994)
proposed that filament formation in an magnetic arcade is due, initially,
to shearing of the field lines when footpoints move parallel to the neu-
tral line, with the consequent formation of a dip in the central part
of the arcade. A radiatively driven instability causes chromospheric
evaporation and plasma cooling in the dip region.

Recently Martens et al. (2001) presented a model of the origin and
evolution of filaments, based on convergence and cancellation of the
photospheric magnetic field.
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As far as the activation and eruption phase of filaments is concerned,
several authors suggested that this phase may be induced by different
temporally consecutive phases of magnetic flux emergence and subse-
quent reconnection (Heyvaerts et al., 1977; Simon et al., 1984).
Recently, Kim et al. (2001) described the eruption of a filament showing
a rapid change in its connectivity in terms of a pre-eruption reconnec-
tion occurring in the low atmosphere.

In this context, careful observations of the morphology, evolution and
dynamic processes in Ha filaments, together with analysis of changes
in the photospheric magnetic field, may provide a good tool to better
understand coronal filament destabilization and associated events.

In this paper we describe activation of a filament in NOAA AR 9445 on
May 5 2001, which was associated with a solar flare. We have examined
images acquired by the Telescope Heliographique pour 'Etude du Mag-
netisme et des Instabilites Solaires (THEMIS) along the H« line profile
during the pre-flare phase, Ha images and longitudinal magnetograms
taken at the Big Bear Solar Observatory (BBSO) and coronal images
taken by the Transition Region and Coronal Explorer (TRACE) at 171
A during the pre-flare (18:07 - 18:19 UT), the peak (18:20 UT) and the
main phase (18:21 - 18:34 UT)(Fig. 1).

The BBSO data include high resolution Ha images and VMG magne-
tograms as well as a full disk BBSO Ha image and a GONG magne-
togram.
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Figure 1. Time table showing data coverage from different instruments on May 5,
2001. The hatched rectangle indicates the time interval of filament splitting. F.E.
marks the time of filament eruption and P.F. is the time of peak of the flare.
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2. Observations and Data Reduction

2.1. CHARACTERISTICS OF THE INSTRUMENTS

In the following we give a short description of the characteristics of the
instruments used to acquire the data used in this analysis.

- IPM

The Italian Panoramic Monochromator consists of a Fabry-Perot in-
terferometer in series with a birefringent filter (UBF). IPM allows to
obtain narrow-band (full width at half maximum=21.5 mA) monochro-
matic images with high spatial (0.2 arcsec) and spectral resolution
(A/AX ~ 256) with dimension of 51 x 51 arcsec. The acquisition system
of IPM is formed by two CCD cameras cooled by Peltier cells with water
circulation. A CCD camera allows to obtain several images (max rate
is 20 images per minute) in different spectral points along the observed
line, while the second CCD camera allows to acquire images in the
continuum of the observed line (Cavallini, 1998).

- BBSO

High resolution BBSO Ha images are obtained by the 65-cm reflector,
with a 0.25 A bandpass Zeiss filter and an OSL 12 bit camera. The
cadence is 30 sec with 0.3 arcsec pixel resolution. The field of view is
50 x 50 arcsec. The data, corrected for flat field and dark current, cover
the period between 16:40 - 20:00 U.T.

High resolution, line-of-sight BBSO magnetograms (Varsik, 1995)
are obtained by the 25-cm refractor. The pixel resolution is 0.5 arcsec,
and the time cadence about 1 min. The temporal integration of each
image is 4 sec. The magnetograms are available for the time period
between 16:00 and 20:00 U.T.

- TRACE

TRACE telescope uses three normal-incidence coatings for EUV im-
agery and one for UV on corresponding quadrants of the primary and
secondary mirrors. A lumigen coated 1024 x 1024 CCD detector col-
lects images over an 8.5 x 8.5 arc minute field of view (0.5 arcsec pixels)
(Tarbell et al., 1994; Handy et al., 1999).

The instrument collects images of the solar plasma with one arcsec
spatial resolution at the following wavelengths : 171 A, 195 A, 284 A,
1216 A, 1550 - 1700 A and white light.
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We used a sequence of TRACE images (about 350 frames) taken at 171
A spectral line between 17:00 and 20:00 UT. All the TRACE images
used in our analysis are of size 512 x 512 pixels, with a pixel size of 1
arcsec. The raw data have been processed using Solar Soft Ware routines
which allow us to correct images by means of subtraction of the pedestal
and dark current, as well as to correct for radiation spikes and hot
pixels.

2.2. THEMIS DATA REDUCTION

THEMIS data consists of a sequence of images acquired along the
Hoa spectral line centered at A = 6562.8A.
The sequence refers to one end of the filament inside the active region
and consists of total 41 images, which cover a time interval of about 40
minutes (17:10 - 17:50 UT). The field of view of the THEMIS data is
35 x 35 arcsec, and the nominal spatial resolution is about 0.4 arcsec.
Along with the raw data, we took 20 dark current images and 40 se-
quences of flat field images (pointing to a solar region characterized by
opposite longitude in respect of AR 9445). The flat field images were
acquired while the telescope was moving along an elliptic course.
In order to obtain corrected images from the raw images we have used
the following reduction method:

7Cor _ IR < dark >
< flat > — < dark >’

(1)

where I¢°" is a corrected image, I a raw image, < dark > is the
average of all dark current images and < flat > is the average of all
flat field images at the wavelength of the raw image to analize.

The images have been filtered by means of a WIENER  Filter to reduce
seeing noise and to improve the image quality. Seeing conditions during
the data acquisition were such that a spatial resolution of ~ 0.8 arcsec
was available.
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3. Data Analysis
NOAA AR 9445 was seen rising at the east limb on April 29, 2001 (its

average latitude was about 25N) and was setting at the west limb on
May 10, 2001.

s TRACE WL 20010505 _17:02:97 UT EFE

c d

Figure 2. Images of AR 9445 on May 5, 2001: (a) TRACE W image taken at 17:02
T (fov ~ 227500 227500 %) (b) BBSO Ha image taken at 1 :00 T (fov
~ 245000 245000 %), the square indicates the field of view of THEMIS images
(c) TRACE 171 A image taken at 17:02 T (fov ~ 190000 190000  2) (d)
ON magnetogram taken at 1 :01 T . In all the images north is on the top, west
on the right.

Fig. 2 (a,b,c) shows the region on May 5, 2001 in white light (WL),
Ho and 171 A, respectively, and Fig. 2 (d) shows the active region’s
magnetic configuration.

We can see that the active region has a large number of sunspots,
a complex morphology with a — magnetic configuration, and that
it appears to be very extended in longitudinal direction (longitudinal
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extension ~ 27 heliographical degrees). In the Ha image (Fig. 2 (b))
we can also note an elongated S-shaped filament, which lies near the
PIL and has a length of ~ 63000 &

Figure 3. Sequence of blueshifted (left column), Ha center (center column) and
redshifted (right column) images acquired by THEMIS at a) 17:1 T, b) 17: 4
T. North is on the top, west on the right.

In order to study the evolution of the filament, we have analysed the
THEMIS and BBSO sets of chromospheric images: Ha center images
(A = 6562.84), blueshifted images (-0.50 A) and redshifted images
( 0.50 A).

Fig. 3 and 4 show the filament as it is seen in the center of the Ha
spectral line and in the line wings at five different times: 17:13 UT and
17:34 UT as deduced from the THEMIS observations and 18:01, 18:24
and 18:39 UT, as deduced from the BBSO data. In the left column
we show the blue shifted images, in the center column the Ha center
images and in the right column the red shifted images.

Data acquired by THEMIS at 17:13 UT show that the southern part
of the filament appears broader in the red shifted images, indicating
a downward plasma motion. Before the pre-flare phase, the filament
slowly breaks into two threads. The northern part of the filament we
marked by an A the southern part by a . These threads are better
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Figure 4. Sequence of blueshifted (left column), Ha center (center column) and
redshifted (right column) images acquired by BBSO at a) 18:01 T, b) 18:24 and
c) 18 9 T, respectively. North is on the top, west on the right.

visible in the red shifted images.

Moreover, all the images show a bright point located near the filament
bifurcation point (arrow in the center column of Fig. 3 (b)). The area
of the bright point is of ~ 4.9x10 & ? and it extends in the east-west
direction over 7000 km.

Fig. 4 shows a sequence of BBSO images acquired during the pre-
flare and main phase of the flare. In Fig. 4 (a) (center column), the
two threads, A and , of the filament are still visible. Ten minutes
before the flare peak the northern thread A erupted and an Ha ribbon
appeared along the northern boundary of thread  (the white arrows
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in Fig. 4 (b)).
The region with stronger emission coincides with the bright point visi-
ble in the THEMIS images (black arrows in the center column of Fig. 4).

Figure 5. ine of sight velocity maps, obtained by subtracting THEMIS blue shifted
images from red ones, at a) 17:1 T, b) 17:24 T and ¢) 17: 4 T, respectively.
White (black) areas indicate regions where upward (downward) motions are present.

In order to evidence motions along the filament before the flare, we
obtained line of sight velocity maps by subtracting blueshifted images
from redshifted ones. Fig. 5 shows the velocity maps constructed from
the THEMIS data at three different times. White (black) areas repre-
sent regions where upward (downward) motions are dominant.

One can see (Fig. 5 (a), (b)), that about one hour before the flare peak
there is evidence of upward motions in the northern thread A of the
filament. In Fig. 5 (c) these motions are less evident. This phase is time
correlated with the eruption of the upper part of the filament.

During the same period, one can see that the southern thread shows
a downward motion (see Fig. 5 (a), (b), (c)).

Fig. 6 shows velocity maps obtained from the BBSO data in the pre-
flare phase (18:01 UT) and during the main phase of the flare (18:24
and 18:39 UT), respectively.

Fig. 6 (a) shows that at 18:01 UT the upward motion in thread A is
less evident, while in the successive velocity maps, showing the region
after the flare peak, no upward motion is present. This indicates that
the thread A has already erupted.

As we have already mentioned, in the Ha center images (Figs. 3 and
4), one can see a brigth point located near the southern part  of the
filament. This bright point increases its brightness and size with time
and spatially coincides with the bifurcation point of the filament.

From the analysis of the BBSO magnetograms it has been possible to
infer that the Ha bright point coincides with a positive polarity knot
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Figure . a), b), c) ine of sight velocity maps, obtained by subtracting blue shifted
BBSO images from red ones, at a) 18:01 T, b) 18:24 T andc) 18: 9 T, respec-
tively. White (black) areas indicate regions where upward (downward) motions are
present.

Figure 7. BBSO magnetogram of AR 9445 obtained on May 5, 2002 at 1 :11 T.
White (black) represents positive (negative) polarity. The shape of the filament and
the locations of threads A and B are drawn. The insert shows an enlarged view of
the PP . North is on the top, west on the right.

(PPK) of the magnetic field inside a more extended region of negative
polarity (Fig. 7).

In order to determine whether this positive knot plays a role in
the filament destabilization, we have studied the time evolution of its
intensity and size. By studying BBSO magnetograms we have found
that the PPK is not yet clearly distinguishable on May 4, at 20:00 UT,
while it is clearly visible on May 5, at 8:00 UT; moreover, after the
flare onset, the size and intensity of the positive knot had decreased.
More precisely, the magnetic field in the knot increased from ~ 220 G
to ~ 250 G until the time of the filament splitting, then it decreased
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Figure 8. Top : Soft -ray emission recorded by OES satellite between 1 :00 and
20:00 .T. bottom left : magnetic field variation in the PP  as deduced by BBSO
magnetograms between 1 :00 and 19: 0 .T. bottom right : behaviour of the PP
area in units of 10 % during the same time interval.

and it was about 120 G at 19:50 UT.

The PPK area decreased gradually from 1.4 x 10 &k 2 to 2 x
10 %k ? during the time interval 16:00 - 19:50 UT(see Fig. 8, where
we also report the soft -ray emission recorded by GOES during the
period of the interest).

In Fig. 9 we show evolution of the PPK between 16:01:53 19:31:32 UT
by plotting contours of the magnetic field intensity greater than 30G.
We see that the axis of symmetry of the PPK slowly rotates clockwise
by ~ 90 degrees.

In order to create a more complete scenario of the event, we have
analysed a sequence of the TRACE data at 171 A . During the pre-flare
phase (Fig. 10 (a)) the TRACE filament shows the same breaking as the
Ha filament does. The site where the upper thread A of the filament
was previously observed had increased its brightness during the pre-
flare phase (Fig. 10 (b)), while at the flare peak the brightness had
decreased (Fig. 10 (c)). There is an increase of brightness around the
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Figure 9. Temporal evolution of the knot of positive polarity evidenced in Fig. 7.
The dotted line indicates the a is of symmetry of the knot.

thread  during the main-phase of the flare (Fig. 10 (d)) and after the
appearance of a post-flare loop system (Fig. 10 (e), (f)). It is important
to stress that the eastern footpoints of the post-flare loop system are
anchored in a region close to the bright point observed in Ha images.

u ary o t e Results

In summary, our analysis shows that the filament eruption on May 5,
2001 is characterized by the following elements:

— The filament shows initially a slow splitting into two threads.

— The southern thread , which changes its connectivity, appears
broader and better visible in redshifted images, indicating down-
ward plasma motion.

— The northern thread A, which does not vary its position in respect
of the PIL, rises toward higher levels before the flare peak.

— A bright point is visible, in Ha images, near the bifurcation point

of the filament, during the pre-eruption and the eruption phases;
in this period it increases in brightness and size.

art_fil6n.tex; 28/10/2002; 12:35; p.11



12 Contarino L., Romano P., Yurchyshyn V.B, Zuccarello F.

a b
c d
e

Figure 1 . Sequence of 171 A images taken by TRACE beetween 17:00 and 19:25
.T., before, during and after the flare.North is on the top, west on the right.

— The bright point observed in H images coincides with a positive
knot of magnetic field inside an extended region of negative polar-
ity; the axis of the positive knot slowly rotates by ~ 90 degrees
during the pre-flare phase.
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— During the flare main-phase, EUV images taken at 171 A show
a loop system which was not previously visible: the eastern foot-
points of the loop system is anchored near the region where the
bright Ha point was observed.

Figure 11. Schematic drawing of a pre-eruption reconnection (side view) between a
pre-e isting arcade (continuous lines) and a new magnetic feature (NMF) (hatched
lines). The filled circle indicates the filament and the hatched rectangles the
reconnection sites (see te t).

Figure 12. Top view of the pre-eruption reconnection between the pre-e isting
arcade and the NMF. The bo es on the bottom show a magnified view of the
reconnection site and the interpretation of the changement of the NMF a is.

Discussion and onclusions

Our observations indicate that the filament eruption is closely related
to changes in the magnetic field structure of the surroundings of the
filament. This is in agreement with theoretical models suggesting that
filament eruption may be induced by consecutive phases of magnetic
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flux emersion and subsequent reconnection (Heyvaerts et al., 1977; Si-
mon et al., 1984). In this context, we recall the results obtained by
Kim et al. (2001), who described the eruption of a filament showing
a splitting into two threads. They observed H brightenings at the
line center and at —0.5 A near the end of one filament thread, which
they interpreted as an indication that the thread became rooted at a
new position. In their observations, only the part that underwent the
connectivity change had erupted, while the other part was seen at the
same location during and after the flare. These authors observed two
canceling magnetic features (CMF) (each consisted of a negative flux
element surrounded by a positive flux) near the part of the filament
which underwent connectivity change.

The filament eruption we observed in AR 9445 proceeded in differen
manner than that described by Kim et al. (2001). In our event, the
thread, which changed its connectivity, shows downward plasma flows,
however, it did not erupt. The other thread, which initially remained
at the same location in respect of the PIL, later erupted. Nevertheless,
despite the differences between the filament eruption observed by Kim
et al. (2001), and our event, we believe that both were triggered by a
reconnection process occurring in the low atmosphere.

We interpretate the filament destabilization and eruption, in terms
of a low-lying reconnection process between an old magnetic arcade
supporting a filament and an emerging new magnetic feature (NMF).
This NMF emerged in an extended area of negative polarity, therefore
a longitudinal magnetogram could only evidence appearance of positive
polarity element (i. e., the PPK).

In Figs. 11 (side view) and 12 (top view) we show a schematic draw-
ing of our model : the field lines of the old magnetic arcade supporting
(and enveloping) the filament are indicated by continuous lines; the
field lines of the newly emerged magnetic feature (NMF) are indicated
by hatched lines; the filament is indicated by a filled circle in Fig. 11
and by a sequence of filled circles in Fig. 12; the hatched rectangles
indicate the reconnection sites.

Initially the old arcade supporting the filament had the topology
shown in Figs. 11 (a, solid line) and 12 (a), where the field lines sus-
taining the filament, which are the closest to the PIL, have a dip in
their central part, while the farest from the PIL are above the filament
and contain it.

The field lines of the NMF (dashed lines), located on the southern
part of the filament (i. e. on the left of the main PIL), have opposite
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direction in respect of the main arcade field lines. In Figs. 11 (b) and
12 (b) we show the magnetic field topology while the low atmospheric
reconnection (hereafter referred to as FR, i.e. first reconnection) takes
place. The FR site is indicated by the hatched rectangle labeled 1.

In this view, the change of the orientation of the axis of the positive
polarity knot may be interpreted in terms of twisting of the NMF flux
tube, as it is shown in the inserts in Figs. 12 (a), (b), (c), showing a mag-
nified view of the FR site. Moreover, in this phase, part of the plasma
filament is channelled in a new direction and the filament changes its
connectivity close to the FR region.

Later, after this low-lying reconnection has taken place, the field line
topology has changed (see Figs. 11 (c) and 12 (c)) and, consequently,
the filament has splitted into two parts. This change in magnetic field
topology and filament connectivity causes a change in the equilibrium
conditions : the downward motion observed in the filament thread |,
might be associated with a rearrangement of the plasma at a lower
atmospheric level.

On the other hand, the total mass of the filament supported by the
main arcade has decreased and this decrease may cause a variation of
the current intensity flowing in the filament. This phenomenon induces
a loss of equilibrium between the forces (gravity force and Lorentz
force) acting on the filament and, as outlined by other authors (see e.g.
Vrsnak, 1990), when the ratio of the current intensity to the filament
mass reaches a critical value, the filament eruption starts .

This model would also explain why the post-flare loops observed by
TRACE at 171 A from 19:09:19 U.T. (Fig. 10 (e)) to 19:25:25 U.T. (Fig.
10 (f)), are anchored near the site of the H bright point. As we can see
in Figs. 11 and 12 (a)-(c), the region indicated by the hatched rectangle
1 is the site where the NMF is located, and where the H bright point
is observed. According to our model, the first, low-lying, reconnection
takes place in such a manner that the arcade supporting the thread
of the filament which erupts, has the negative footpoints anchored in
this location. When the filament thread A erupts, its rise towards the
higher corona, causes the second reconnection (SR) at coronal levels, so
that it is possible to observe these loops to brighten as a consequence
of particle acceleration and heating from the high-lying reconnection
site (see the reconnection site 2 indicated by the hatched rectangle in
Fig. 11 (d)).

We therefore conclude that our observations may be interpreted in
terms of a double process of magnetic reconnection taking place in
two different times and locations during the filament activation and
eruption : an initial low-lying pre-eruption reconnection occurring, at a
low temperature ( ~ 10 —10 ), between the NMF and the arcade
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supporting the filament, which induces the filament destabilization and
its rise toward the corona, and a secondary post-reconnection phase
taking place in higher arcade loops while the filament rises in the
corona, and occurring at higher temperature ( ~ 10 —10 ).
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