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ABSTRACT

Context. Co-spatial and co-temporal spectroscopic, imaging and magnetogram data enable us to better understand various solar tran-
sient phenomena. Here, we study brightening events in the transition region of the quiet Sun, also called ‘blinkers’.
Aims. We aim to investigate the physical mechanism responsible for blinkers.
Methods. An automated blinker identification procedure (BLIP) is used to identify blinker events in SoHO/CDS data. The 3D mag-
netic topology of the magnetic field in the blinker region is reconstructed based on SoHO/MDI magnetogram data.
Results. During 3 hrs of SoHO/CDS observations on 2006 January 18, 66 blinkers were identified in the O 629 Å emission line.
Out of them, a group comprising of 16 events were modelled here. They were found to be associated with the emergence of magnetic
flux which gave rise to the appearance of, and multiple magnetic reconnection events across, an upper atmosphere (coronal) magnetic
null point, along with a loop structure as observed with TRACE.
Conclusions. This blinker group results from the release of energy that was accumulated during flux emergence, although whether
all blinkers follow the same formation scenario requires further investigation using additional multi-instrument/multi-mission studies.
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1. Introduction

Over the last decade, the field of solar physics has seen a
tremendous improvement in its data acquisition capabilities.
The increased use of space observatories such as the Solar and
Heliospheric Observatory (SoHO) and the Transition Region
and Coronal Explorer (TRACE), has brought many new features
on the Sun to light. One of these new features, known asblink-
ers, represents Extreme-UltraViolet (EUV) brightenings, first re-
ported by Harrison (1997) using the SoHO/Coronal Diagnostic
Spectrometer (CDS; Harrison et al. 1995). They are most read-
ily identified in the O 629 Å transition region line (Tmax ≈

2×105 K), but significant enhancements can also be seen in chro-
mospheric lines like He 584 Å (Tmax ≈ 5×104 K). Berghmans
et al. (1998) identified many brightenings in EIT He 304 Å
having characteristics completely compatible with CDS blink-
ers, and suggested that they were reconnection events of low-
lying quiet Sun (QS) loops.

Lightcurves of blinkers are separated into two distinct
classes: simple blinkers with a smooth increase in intensity hav-
ing only one significant peak; and complex blinkers with mul-
tiple significant peaks (Brković & Peter 2004). Table 1 shows
the properties of blinkers derived from CDS and SUMER obser-
vations by Brković et al. (2001); Bewsher et al. (2002); Parnell
et al. (2002); Madjarska & Doyle (2003); Bewsher et al. (2003);
Tomasz et al. (2003).

Blinkers are located above regions of enhanced emission,
such as network boundaries in the quiet Sun (Bewsher et al.
2002). Most blinkers were also found to be preferentially lo-
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cated near regions of prominent unipolar magnetic field in both
the QS and active regions (Bewsher et al. 2002; Parnell et al.
2002). Doyle et al. (2004) showed an example of a blinker that
was caused by the emergence of new magnetic flux.

Chae et al. (2000), Madjarska & Doyle (2003) and Bewsher
et al. (2005) identified blinkers in SUMER and CDS simultane-
ous observations. They found that CDS blinkers consist of many
small-scale, short-lived SUMER brightenings lasting 2-3 mins
and having a typical size of 3′′–5′′. Chae et al. (2000) suggested
that these brightenings are produced by small-scale reconnec-
tions of network threads.

A number of theoretical models have been suggested to ex-
plain the mechanism responsible for creating blinkers. Harrison
et al. (1999) proposed a model which consists of merging of
closed loops. Tarbell et al. (1999) put forward a model where
reconnection of intense magnetic flux tubes of opposite polar-
ity, in a photospheric environment that is otherwise free ofmag-
netic field, results in a sling-shot effect generating pure acoustic
waves. These waves can steepen and create shocks. Depending
on the geometry of the collision of the flux tubes, the energy may
be converted into either heat or jets, or indeed both.

According to Priest et al. (2002), blinkers may be formed by
one of five different mechanisms: (i) the heating of cool spicu-
lar material, (ii) the containment of the plasma in the low lying
loops in the network, (iii) thermal linking of hot and cold plasma
at the feet of coronal loops, (iv) heating and evaporation ofchro-
mospheric plasma driven by granular compression, and (v) the
cooling and draining of hot coronal plasma when coronal heat-
ing is switched off.

Peter & Brković (2003) studied blinkers with SUMER and
showed that their decreasing line-width corresponded to anin-
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Fig. 1. CDS O 629 Å raster (left). The diamonds mark the positions of blinkers identified with BLIP. EIT image in the He 304 Å passband
(middle). The solid line box shows the field-of-view of the CDS raster, the dot-dot-dot-dash box shows the field-of-view of the TRACE 1550 Å
images presented further in this paper. The blinkers shown with diamonds in the lower left-hand corner of the CDS and TRACE 1550 Å fields-of-
view were further analysed and modelled. MDI magnetogram (right) with a black solid box marking the position of the CDS FOV.

Table 1. Main properties of CDS blinkers.

Blinker property Quiet Sun value Active Region value

Mean lifetime (minutes) 161, 162 17.53

Mean area (×107 km2) 2.41, 3.02 4.03

Mean enhancement factor 1.82 2.43

Global frequency (s−1) 221, 7.52 13.73

Doppler velocities (km s−1) 5–25 (N)4, 15 (O)5, 10-15 (He)6, 25-30 (O)6 10-20 (He)6, 20-40 (O)6

Non-thermal velocities (km s−1) 15-25(He)6, 30–45 (O)6 15-25(He)6, 30–45 (O)6

1 Brković et al. (2001),2 Bewsher et al. (2002),3 Parnell et al. (2002),4 Madjarska & Doyle (2003),5 Tomasz et al. (2003),6 Bewsher et al. (2003)

crease in the Doppler shift, suggesting that they are drivenby
events in the chromosphere which heat a loop asymmetrically
and power a strong laminar flow through the loops. Doyle et al.
(2004) suggested that blinkers may be associated with brighten-
ings in pre-existing coronal loops, which are triggered during the
reconnection between the newly emerging magnetic flux and the
pre-existing flux.

Based on the above, it is clear that there is still an ongoing
debate on the physical mechanism responsible for blinkers.This
motivated us to conduct a multi-instrument observing campaign
including spectral, imaging, and magnetic field measurements of
the QS. Topological analysis of the magnetic field in the blinker
region is central to this study, as we wish to investigate whether
blinkers are powered by magnetic reconnection or its effects. In
Section 2 we discuss the observational data used, includingtheir
reduction and the co-alignment procedure. In Section 3, we dis-
cuss the blinker identification and the overall appearance of the
blinkers in the different images, then we outline the results ob-
tained via the magnetic topology analysis.

2. Observations and data reduction

Simultaneous observations with SoHO/CDS, SoHO/EIT
(Extreme-Ultraviolet Imaging Telescope; Delaboudinière et al.
1995), SoHO/MDI (Michelson Doppler Imager; Scherrer et al.
1995) and TRACE (Transition Region and Coronal Explorer;
Handy et al. 1999) were obtained near disk centre on 2006
January 18.

CDS was observing in a rastering mode in He 584 Å,
He 304 Å (seen in second order), O 629 Å and a spectral
window centred around 560 Å containing Ca and Ne lines.
The data consist of a large raster with a field-of-view (FOV) of
240′′ × 240′′ followed by 40 small rasters with a FOV of 40′′

× 124′′ taken with a cadence of 4 minutes and a pixel size of
4′′ × 1.68′′. The data were reduced using the standard software
packages for the correction of missing pixels, cosmic ray hits,
CCD bias effects and flat-field effects. The non-standard tilt cor-
rection of Bewsher et al. (2003) was also applied. An intensity
map of the emission from each spectral window was obtained by
integrating over the spectral line.
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The EIT He images were taken in a shutterless mode and
have a FOV of 1090′′ × 1090′′, with a cadence of 1 minute and
a pixel size of 2.63′′ × 2.63′′ (for details on EIT shutterless ob-
servations and data reduction see Madjarska et al. 2006).

TRACE images were obtained in the 1550 Å channel with a
FOV of 384′′ × 384′′, a cadence of 15 seconds and a pixel size
of 0.5′′ × 0.5′′.

High-resolution photospheric line-of-sight magnetograms
were obtained with MDI at a cadence of 1 minute with a pixel
size of 0.6′′ × 0.6′′. They were preprocessed by taking a running
average over five minutes, to reduce high-frequency noise and
filter out the ubiquitous five-minute oscillations.

The images from the different instruments were co-aligned in
order to follow the same FOV for further analysis. First, theEIT
He images were aligned with respect to the TRACE 1550 Å
images as they share large fields-of-view. Next, the MDI mag-
netograms were aligned with the TRACE 1550 Å images us-
ing the continuum contribution for comparison. Finally, the CDS
He 304 Å (2nd order) raster images were aligned with the EIT
He 304 Å images.

Fig. 2. Light curve of the blinker group (solid line), with the lightcurves
for a sample of 3 individual blinkers (dashed and dotted line) as seen in
CDS O 629 Å. The EIT He 304 Å light curve is shown for compar-
ison.

An automated method of identifying blinkers (Blinker
Identification Procedure or BLIP), developed by Bewsher et al.
(2002), was used to identify blinkers in the CDS O 629 Å
rasters. The procedure identifies group ofnp pixels that have
significant temporal peaks, wherenp is an integer which is user
specified. It identifies peaks in the data that have an intensity in-
crease which is larger thannλ × λ, whereλ is the value below
which 99% of the Poisson errors occur andnλ is a user-specified
integer. For this paper, we usednp = 2 andnλ = 5. Varying these
parameters changes the number of events identified, but doesnot
significantly change the average properties of the events identi-
fied. See Table I in Bewsher et al. (2002) for further details.

The preprocessed photospheric MDI magnetograms were
used as boundary conditions to reconstruct the three-
dimensional (3D) structure of the magnetic field in the atmo-
sphere above. We identified many distinct magnetic features
(isolated regions of strong positive or negative line-of-sight mag-
netic field) on each magnetogram. Here we chose to explicitly

define a magnetic feature as a group of at least four contiguous
pixels with at least one pixel having an unsigned magnetic flux
above 20 G and the rest having magnetic fluxes greater than 10
G. This choice of threshold values is a good compromise (at least
for this dataset), allowing the reliable detection of faintmagnetic
features without also including a high level of noise.

The evolution of the magnetic features was tracked between
frames using the YAFTA feature-tracking software (Welsch et al.
2004; DeForest et al. 2007). All the features thus identifiedwere
then further reduced to magnetic point sources, with the strength
of each point source proportional to the total integrated magnetic
flux in the parent feature, and the location of each point source
given by the flux-weighted centre of the parent feature. For ex-
ample, the x-coordinate of a point source derived from a parent
feature consisting ofNi pixels, where pixeli is located atxi with
magnetic field strengthBi, is given by:

x =

∑Ni
i=1 xiBi
∑Ni

i=1 Bi

. (1)

Similarly, the y-coordinate of the source can be computed by
substitutingy for x in Equation 1.

For each frame, a simple potential magnetic field extrapola-
tion was performed to model the 3D magnetic field, based on the
set of point sources representing the magnetic features. A poten-
tial magnetic field was chosen for simplicity. This type of field is
normally an acceptable first approximation to the true magnetic
field in quiet Sun regions (Brown & Priest 2000) such as the re-
gion studied here. This is because, in the quiet Sun, the magnetic
energy of the field is typically not much larger than that of the
equivalent potential field, and so the topological structure of the
potential field is a good guideline to the topological structure of
the real coronal field, even if the detailed geometry is not identi-
cal.

2.1. Magnetic topology analysis

Finally, in order to study the structure and evolution of themag-
netic field associated with the detected blinkers, themagnetic
charge topology (MCT; Longcope 2005) of the resulting 3D
magnetic field was analysed using the MPOLE topology soft-
ware package (Longcope & Klapper 2002). Such an analysis in-
volves locating themagnetic null points (Parnell et al. 1996) of
the field, which are then used to find other topological features
(Beveridge & Longcope 2005), such asspine fieldlines,separa-
trix surfaces, andseparators. These features do not only provide
a useful way to visualise the 3D magnetic connectivity of the
field; they have also been shown to be associated with magnetic
reconnection and coronal heating (McLaughlin & Hood 2006;
Priest et al. 2005). In the next section, we look in some detail
at the sequence of magnetic topological states derived for the
blinker group region, and put forward our interpretation ofits
significance for the nature of the blinker phenomenon.

3. Results

Figure 1 (left) shows one of the 40 CDS rasters in the O 629 Å
line used for the blinker identification. An EIT He 304 Å image
with a larger FOV together with a corresponding MDI magne-
togram gives a better overview of the observed region. We also
created a movie which shows how the blinkers evolved over the
course of the observations (see movie11.

1 see movie at http://star.arm.ac.uk/preprints/)



4 Subramanian et al.: Magnetic topology of blinkers

P1

N1 N2

N3

N4
N5

P1

N1

N2

N3

N4

P2

P1

N7

P2

N1
N6

N2

N3

N4

Fig. 3. Left panel: MDI snapshots (averaged over five minutes) illustrating the photospheric magnetic field during each of the three main topological
phases of the blinker group. Middle panel: photospheric footprints of the magnetic topologies corresponding to the MDIimages. Positive/negative
magnetic point sources are labelled P/N and marked with⊕/⊗ symbols. Positive/negative magnetic null points are marked withH/N symbols.
Spines are shown as solid fieldlines, and dashed fieldlines indicate where separatrix surfaces intersect the photosphere. Separators (in the corona)
are shown as dotted lines. In the final image (corresponding to 14:33 UT), fieldlines in the separatrix surface of the newlyformed coronal null are
shown as thin solid curves. Right panel: Corresponding TRACE 1550 Å at 14:00 UT, 14:13 UT and 14:33 UT, note that the first available TRACE
image is 15 minutes later than the MDI image.

We detected 66 blinkers in the CDS O 629 Å line raster im-
ages, using the parameters described in Section 2. It is apparent
that the blinkers are not uniformly distributed over the field-of-
view; on the contrary, it appears that a number of blinkers occur
close to each other. These show similar light curves and are as-
sociated with high concentrations of magnetic flux. We focused
our further analysis on such a cluster of 16 blinkers occurring in
the lower left-hand corner of the CDS rasters. The light curves
of these individual events are very similar, suggesting a common
emission mechanism. Figure 2 shows the lightcurve of this clus-
ter as a whole over a region of 8′′ × 12′′, with a sample of 3

individual blinkers as seen in CDS O 629 Å. For comparison,
we also show the EIT He 304 Å lightcurve.

In order to get more information about the studied blinkers
we analysed a larger FOV of high-resolution TRACE images
(with a spatial resolution six times better than EIT) and their
corresponding magnetograms. In the TRACE 1550 Å images,
a number of small-scale brightenings are continually appearing
and fading across the entire region over the course of the obser-
vations (see movie22). However, at the time the blinker group

2 see movie at http://star.arm.ac.uk/preprints/)
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is seen in the CDS data, we observe the appearance of a loop
structure in the TRACE images. The loop is partially outside
the CDS FOV. The loop formation is associated with the emer-
gence of new magnetic flux near the pre-existing magnetic flux
of opposite polarity (Figure 3) . The newly emerging positive po-
larity falls outside the CDS FOV. Note that the TRACE 1550 Å
channel, despite having a wide passband of 30 Å, is strongly
dominated by C 1548 Å and 1550 Å during transition region
phenomena, such as blinkers (de Wijn et al. 2007).

Modelling of the magnetic topology of the blinker group
shows that it goes through several major topological phases.
Figure 3 shows three rows of images corresponding to the time
before the appearance of the blinker group (top row), duringthe
creation of the blinker group (middle row) and at the time of the
blinker group activity (bottom row; see the lightcurve in Figure 2
for comparison).

The central panel presents the photospheric footprints of the
calculated magnetic topologies for the MDI frames in the left
panel, while the right panel shows the formation of the loop
structure resulting from the emergence of new magnetic flux as
seen in the corresponding TRACE 1550 Å images.

The magnetic topology shortly before the blinkers (Figure 3,
top left) shows a large region of negative polarity towards the
bottom edge of the image, consisting of several negative mag-
netic sources (including N1 and N2). It is one of the strongest
source regions in the whole modelled area. There is also a
weaker negative region towards the right-hand edge of the im-
age, containing negative sources N3, N4, and N5, and a weak
positive region P1. All of P1’s magnetic flux connects to the
negative sources just mentioned which are contained withinthe
separatrix of the photospheric null which lies just to the north of
P1.

Figure 4(a) shows a 3D plot of the separatrix dome of the null
just north of P1. This dome contains all the magnetic flux from
P1, and illustrates the structure of the background state, inside
which the blinker group occurs a short time later. It is a sim-
ple structure topologically speaking, with no upper atmosphere
(coronal) nulls and only one significant separator.

At 13:58 UT, P2 appears (see the middle row in Figure 3). It
represents the newly emerging positive flux at about (–203′′,–
103′′) in solar disk coordinates. By 14:13 UT, P2 is strongly
magnetically connected to N2 - not just to N3/N4 (which appear
to be its partners in the flux emergence). This implies that sig-
nificant magnetic reconnection had already taken place by this
time to link P2 to N2. Its large-scale structure consists of two
intersecting states, one separatrix dome clearly enclosedinside
the other. The emergence of P2 (Figure 4(b)) has complicated
the topology, which now contains two significant separators; one
from each positive null to the main negative null.

P2 gets stronger quickly and starts moving North-East, away
from where it first appeared, and away from N3 and N4. At
14:16 UT, N7 appears and the topology changes again, to the
state shown in the bottom row of Figure 3.

The magnetic topology described above is a many-source
version of an intersecting state as discussed by Beveridge et al.
(2002). A classic intersecting state is a four-source state, as
sketched in Figure 5 (a); a separatrix “wall” from the negative
null intersects a separatrix “dome” from the positive null (the
intersection gives rise to a separator), and all of the magnetic
flux from the positive source is divided between the two nega-
tive sources.

The real topology in Figure 3 has P1 as the positive source,
the group N1 and N2 as one negative source, and the group

(a)

(b)

(c)

Fig. 4. Three-dimensional fieldline extrapolations showing the impor-
tant topological separatrix surfaces for each of the three phases of the
blinker group. (a) The overlying separatrix dome which contains all the
flux from P1 and bounds the entire blinker group region. (b) The ap-
pearance of P2 creates a new separatrix dome inside the pre-existing
one. (c) The internal dome plays host to a new coronal null point.

1 2 3

Fig. 5. A sequence of sketches of the important features in the topo-
logical footprints of the blinker group region during each of the three
main phases. (a) is the initial intersecting state, (b) is the second stage
which consists of two intersecting states, one inside the other, and (c)
shows the final topology which includes a coronal null along with its
associated spine. Positive sources are shown as⊕, negative sources as
⊗, positive nulls asH, and negative nulls asN. Spines (in the photo-
sphere) are solid curves, separatrix traces are dashed, andthe spine of
the coronal null is dotted.

N3, N4, and N5 as the other negative source. The nulls between
sources within each group are spurious,i.e. artifacts of the point
source approximation, and may be disregarded, along with their
associated spines and separatrices. The new topology is sketched
in Figure 5(b), while the main features of this final topological
state are sketched in Figure 5(c). A positive upper atmosphere
(coronal) null point appears in the topology at this time, and per-
sists for over an hour, until about 15:24 UT. By upper atmo-
sphere (coronal) null, we mean a null which does not lie on the
boundary layer. The null may be located in the chromosphere,
transition region or corona.

The null forms as a result of a topological bifurcation caused
by the emergence of N7. It rises up along the pre-existing separa-
tor on the internal separatrix dome, so that the dome now belongs
to the upper atmosphere (coronal) null. This topology is classi-
fied as a coronal null state enclosed within an intersecting state.
The coronal null can be seen in Figure 4(c). It rises quickly and
spends most of its lifetime sitting at about 1.5′′ above the pho-
tospheric surface. Many separators are now present in what has
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become a complex topology. In particular, the creation of separa-
tors between the coronal null and the negative magnetic polarity
region encompassing N3 and N4 may be linked to the birth of
the blinker group.

Null points such as this newly-created one in the upper atmo-
sphere are much rarer than the photospheric nulls that we have
seen up to this point (Longcope et al. 2003). They are associated
with magnetic reconnection and coronal heating (Fletcher et al.
2001), both because they connect to separatrix surfaces which
themselves are prime locations for magnetic reconnection (Priest
et al. 2005) and because coronal nulls can act as a focus for pass-
ing magnetoacoustic waves which then dump their energy at or
near the null (McLaughlin & Hood 2006). The presence of the
coronal null may facilitate magnetic reconnection by creating a
new direct path for reconnection between two previously sepa-
rate flux domains (C. Beveridge, 2007, private communication).

In the present data, the upper atmosphere null appears in the
topology at 14:16 UT, while the CDS light curve of the blinker
group peaks at 14:20 UT (see Figure 2), which strongly suggests
that reconnection events at the new coronal null are associated
with the brightening in the 16 blinkers.

To find out where this reconnection takes place, we investi-
gated the magnetic connections from P2 to the negative sources:
in particular, to which negative sources does P2 connect, atwhat
times, and how strong are these connections? To find out, we
randomly initiated 1000 fieldlines from P2 in each frame, and
recorded at which negative sources they terminated. Figure6
shows the results.

N1

N3

N2

N5

N6

Fig. 6. The black line shows how the total magnetic flux available from
P2 varies in time. Each shaded area represents the strength of the spe-
cific magnetic connection between P2 and a different named negative
source. The unlabelled area at the top represents the contributions from
all of P2’s other magnetic connections, which are too weak toshow
individually.

The total magnetic flux of P2 decreases sharply at about
14:20 UT, corresponding with the time of the peak in the
O 629 Å lightcurve. At this time there is also a significant de-
crease in the magnetic flux connecting P2 to N1 and N2. Some
of the flux disappears from the blinker group system altogether,
and some goes into the new domain P2–N6. There are, therefore,
several different reconnection events happening simultaneously.
Flux is being transferred from one domain to another within the
coronal null’s separatrix surface, and it is also being transferred
across the separatrix. The location of the observed brightening

is determined by a complicated interplay between the location
of the reconnecting flux domains, the length of the fieldlinesin
each domain, and the density of the plasma along the loops. We
hope to extend our study to other similar regions in the near fu-
ture in order to make some progress on understanding how the
location of the blinkers are determined.

4. Discussion and conclusions

Here we present results from simultaneous spectral, imaging and
magnetogram observations of a blinker group. We have found
that this blinker group is associated with loops forming after
magnetic flux emergence.

A topological analysis of the 3D magnetic field of the blinker
group shows that it progressed through three main topological
phases. In the beginning there was a simple separatrix dome.As
the topological complexity of the region increased and new mag-
netic source regions emerged, a second dome formed inside the
first, and a coronal null appeared on the new dome. Flux emer-
gence and reconnection across the coronal null and its associ-
ated separators, with the release of accumulated energy (asseen
with TRACE and EIT), are likely to be the cause of the blinkers.
Further work is needed to find out whether all blinkers follow
the same formation scenario.

The magnetic topological model that we have used here to
analyse the 3D magnetic field structure in the blinker group re-
gion has previously been used to model larger regions of the
solar atmosphere. However it is equally valid on smaller length
scales (such as the scale of the blinkers modelled here) so long as
the photospheric magnetogram data is of sufficiently high reso-
lution to identify the main magnetic features involved. Anysmall
unidentified magnetic sources that exist below a strength of10 G
may locally perturb the position of a topological feature bya
very small distance, but will be too weak to affect the overall
topological structure of the present blinker group region.

Such a magnetostatic model does not include temperature
effects and therefore we cannot say whether the null above the
photospheric plane is in the chromosphere, transition region, or
corona. However, the radiative loss function of the plasma in the
solar atmosphere has its maximum efficiency in the transition re-
gion, so we should expect to best see blinkers at transition region
temperatures, particularly as they are not energetic enough to
be observed in coronal lines. The topological model showed the
null to be located about 1 Mm above the photosphere, an altitude
which would place it in the transition region or lower corona.
Several separators (also good locations for magnetic reconnec-
tion) join the atmospheric null to its photospheric counterparts,
so reconnection along these separators, releasing enough energy
to heat the plasma to transition region temperatures, couldalso
contribute to powering the blinker.
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