Observational evidence of the reconnection and
related oscillatory dynamics in active region AR
11429 on March 6, 2012
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Abstract: The complex solar magnetic fields in the corona represent
cause and sources for different eruptive and explosive like events. We
present the event, that was observed by SDO/AIA on 2012 March 6 in
NOAA active region 11429. A M2.1 class flare (Fig.1) occurs at 12:23 UT,
peaks at 12:41 UT and undergoes decay phase until 23:56 UT. From flare
onset until 12:36 UT the variety of phenomena take place, including the
reconnection, rapid plasma ejection and quasi-periodic oscillations, that
might triggered solar flare. We investigated the spatial and temporal
behavior of the magnetic loop structures with examining space-time
diagrams and intensity change analysis along the coronal magnetic loops.
We have obtained characteristic periods of oscillations of observed
waves, that shows quasi-periodic behavior. We present two different
interpretations for the observed dynamics. First, the oscillations with
derived physical parameters provides evidence that these oscillations can
be manifestation of longitudinal standing acoustic modes. Second,
observed bright blobs could be signature of twisted coronal loop unstable
to kink instability.

Observations of M2.1 class Flare

Fig.1

Analysis of oscillations and Results
For each blob we obtained the
periods using the expression:
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standard
errors for each period using
the formula:

Wavelength for the observed
quasi-periodic
oscillations
can be calculated as:
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Fig. 5

Along the loop L1 have been detected five bright blobs
(12:22:36 UT to 12:33:00 UT), which is shown by crosses in Fig.5(a),
vividly showed oscillatory brightening behavior in time. We have
studied detrended intensity changes along the loop L1 using for the set
of one pixel cuts. There was no strong movements detected between
blobs. Therefore, if we would interpret these patterns as either of kind
of body wave motion within the look, definitely one should assume that
presumably we have here standing wave patterns.

Fig. 2 Partial coronal images of AR 11429 observed by the AIA/SDO in 171Å line (Fe ix) during 12:2212:56 UT at six different moments of time. At the moment of the flare start-time only magnetic loop (L1)
was observable, which is shown with red line in panel 1. After few minutes, at about 12:25 UT, second
flaring loop (L2) brightened (panel 2) and in this wavelength these two loops is seen as one loop. When
hot plasma was injected along loop L1, it has expanded. In wavelength 171Å the image can be interpreted
so that the considered magnetic loop breaks of asymmetrically at 12:31 UT and part of it disappears. On
the panel 3 abruption/separation area is shown with the arrow. Immediately after the separation the
upward ejected plasma is observed ( panel 4 ).

Longitudinal standing acoustic modes
Oscillations with the
characteristic
period
113.2 sec ±9.82sec can
be the representation of
the longitudinal acoustic
standing waves, in our
case its fifth harmonic
as we detected five

Reconnection evidence
Interesting event has been detected
between 12:31 UT - 12:36 UT. The
temporal evolution in the 304Å line
image apparently shows the magnetic
field reconfiguration process. Fig.3
presents the evolution of coronal loop
topology. The top raw in the Fig.3
represents appearance of magnetic
loop L2. The loop L2 first appears in
171 Å line and only after 6 minutes it
became observable in 304Å channel. It
should be noted, that Loop L2 was
seen as dark formation in 304Å line,
that corresponds to 50 000 K
temperature, but in wavelength 171Å it
appeared as a bright flaring loop. At about 12:31 UT The L2 dark loop expanded and
its abrupt break occurred. The L2 loop exhibits twisted and shrunken motion away
from the reconnection region. Simultaneously, disruption is accompanied with
upward plasma ejection (panels 3-6 in Fig.3). Signatures of fast-moving structures
can be seen from 12:32 to 12:35 UT. No post reconnection evidence for L2 loop is
observable.

The footpoints of L1 loop are associated
with magnetic spots L1a (negative) and
L1b (positive). The coronal loop L2 is
more longer extended, its left leg is
presumably anchored in a small positive
magnetic polarity spot L2a and right leg
into negative polarity spot L2b.

bright blobs. Hence, we can estimate the characteristic phase speed (sound speed) in
the loop which should satisfy:

Furthermore, as sound speed depends on temperature using the temperature response
of SDO/AIA 171Å we can obtain:
which is in accordance with the estimation of the
sound speed calculated from data analysis.

Kink Instability
Signature of strongly twisted magnetic loop
L1 unstable to kink instability. We have
calculated total twist angle for our loop for
homogenous distribution
, which is
much
larger
then
Kruskal-Shafranov
instability which gives
. Aspect
ration for even the widest part of the loop is
and for large aspect ratio
instability criteria is given as a > 2p. If we
consider our loop as the symmetric cylinder
this criteria is satisfied Our loop doesn’t
have constant radius, therefore narrowest
part of the loop doesn’t satisfy this criteria.

However, with the increase of the radius enhances kink instability leading to consequent
reconnection and energy release. Which in turn led to M2.1 class flare.

Conclusions
Similar structures are seen in AIA 193 Å line. In other AIA/SDO wavelengths: in 335 Å
and 211 Å channels the magnetic structures cannot be clearly resolved from the
background emission. A blurred configuration can be seen in 94 Å, 131 Å line
images. Therefore, taking in account loop physical parameters and AIA/SDO
characteristic temperatures we assume that observed magnetic loop is located in
lower corona and the temperature is between

 We observed magnetic reconnection.
 Interpretation 1: We identified waves as longitudinal standing acoustic waves and
studied their properties.
 Interpretation 2: We have also treated the bright blobs as twisted magnetic loop
unstable to Kink instability.
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