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ABSTRACT
We report the results of a detailed study of an equatorial coronal hole and a dimming region
related to the eruptions of a nearby large filament and subsequent coronal mass ejections
(CMEs). The dynamic eruptions of the filament and the associated CMEs are probably related
to the magnetic reconnection involving the magnetic field lines at the filament footpoints.
During the starting processes of the filament eruption, we observed several newly emerged
small magnetic flux concentrations close to the filament footpoints. Disturbance increase in the
prominence body was observed during the pre-eruption processes. After the filament eruption,
we observed evacuated filament material from the filament channel towards the coronal hole.
Thus, all the region is perturbed and EUV loops and bright points are observed before and after
the eruptions. Additionally, after the CME, we observed the disappearance of the dimming
region and the coronal hole, followed by photospheric magnetic diffusion. We discussed a
possible magnetic reconnection scenario and MHD waves involved during these processes.

Key words: Sun: chromosphere – Sun: corona – Sun: coronal mass ejections (CMEs) – Sun:
filaments, prominences – Sun: oscillations.

1 IN T RO D U C T I O N

The energetic evolution of solar prominences is characterized by the
dynamic (DBd) or thermal (DBt) ‘disparition brusque’ of the promi-
nence plasma (Tandberg-Hanssen 1995). DBds are believed to be
associated with magnetic reconnection of the supporting magnetic
field that leads to material ejection and acceleration of electrons in
the high corona (Raadu et al. 1988). DBts, on the other hand, are
caused by the heating of the prominence plasma followed by their
disappearance in spectral lines with low formation temperature and
subsequent appearance in lines with higher formation temperatures
(Mouradian, Martres & Soru-Escaut 1980, 1986).

Coronal holes (CHs) are low-density and low-temperature coro-
nal regions (Waldmeier 1975). They are predominantly magneti-
cally unipolar areas, where the magnetic field extends outwards to
form the interplanetary magnetic field and plasma escapes to form
the solar wind (Krieger, Timothy & Roelof 1973; Cranmer 2002;
Wang 2009). Dimming regions (DRs) are often referred to as tran-
sient CHs due to their similar dark appearance in EUV and X-ray
wavelengths (Rust 1983; Kahler & Hudson 2001) and are char-
acterized by open magnetic fluxes (Krista & Reinard 2013). DRs,
which typically form in less than 1 h and slowly fade in 1–2 d,
are relatively common events during CMEs and are also associ-
ated with filament eruptions, flares and coronal wave transients (de
Toma et al. 2005, and references therein). A density decrease or a
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temperature variation of the emitting plasma can cause a decrease
in coronal brightness, but the rapid appearance of dimmings sug-
gests that they occur due to density depletions (Hudson, Acton &
Freeland 1996). In turn, a density depletion above the dimming re-
gions could be caused by the ejection of coronal plasma along field
lines opened during the CME or by a fast expansion of the plasma
volume above the dimming regions (Gibson & Low 2000; Attrill
et al. 2006).

CH topological changes associated with filament eruptions and
subsequent formation of CMEs are related to magnetic reconnec-
tion as discussed in a number of studies (Bravo 1995; Gopalswamy
et al. 2006; Jiang et al. 2007). Taliashvili, Mouradian & Páez (2009)
found that when the distance between a CH boundary and a filament
channel is within 15◦, there is a relationship between the onset of
a DBt and/or a DBd accompanied by a topological change of the
CH, including the fading of the CH and the subsequent formation
of a CME. Moreover, they found a direct relationship between the
DBt near the faded CH and the formation of a low-speed, narrow
CME. Madjarska, Doyle & van Driel-Gesztelyi (2004) reported the
appearance/disappearance of EUV bright points as a direct obser-
vational evidence of magnetic reconnection at the boundaries of
CH, causing short-term topological changes of CHs. Additionally,
Gutiérrez, Taliashvili & Mouradian (2013) reported the appearance
and disappearance of bright points close to the boundary of CHs as
an evidence of magnetic reconnection followed by DBd of a nearby
filament.

The physical process of transporting energy and heating the so-
lar atmosphere, as well as accelerating the solar wind, has been
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associated with many authors (e.g. Hollweg 1981; Cranmer & van
Ballegooijen 2005; Murawski et al. 2015) using MHD waves and
turbulence. Alfvénic perturbations, as they interact non-linearly, in-
troduce turbulence cascade (e.g. see Brandenburg & Lazarian 2013
for a review). The MHD perturbations as they interact can estab-
lish cascades with energy moving from large scale to small scales
with dissipation taking place only at the smallest scales where ei-
ther viscosity or various plasma microscale phenomena get impor-
tance. Depending on the strength of non-linear interactions, the
MHD motions can stay oscillatory or decay significantly over a
single period. The former corresponds, for instance, to the weak
Alfvénic turbulence and the latter to the strong Alfvénic turbulence
(e.g. see Brandenburg & Lazarian 2013, for a review). Sinusoidal
Alfvén waves sent through turbulent media are also subject to non-
linear decay (Yan & Lazarian 2002; Farmer & Goldreich 2004;
Beresnyak & Lazarian 2007).

Magnetic turbulence can significantly enhance the reconnection
rates (Lazarian & Vishniac 1999; Kowal et al. 2009; Sych et al. 2009;
Eyink, Lazarian & Vishniac 2011). Magnetic reconnection is asso-
ciated with the release of stored magnetic energy as waves and
turbulence, bulk mechanical acceleration of material and heat.
Moreover, the generation of turbulence by reconnection is also a part
of turbulent reconnection models (Lazarian & Vishniac 1999; Lazar-
ian, Vishniac & Kowal 2009; Beresnyak 2013; Lazarian et al. 2015).

We studied an equatorial CH and DR related to the nearby (lo-
cated within 15◦ distance), large quiescent filament/prominence
eruptions and associated CMEs during Carrington rotations (CRs)
2126 and 2127. The starting processes of filament instabilities are
related to the increase of the whole filament body disturbances and
newly emerging small magnetic fluxes close to the channel and foot-
points of the filament. Several EUV loops and bright points formed
before and after the filament eruptions. During the post-filament
eruption and post-CME evolution phases, we observed strong per-
turbations of the region between the filament channel and the CH
boundary. These perturbations are principally related to the evac-
uated filament’s material motions and low coronal MHD waves
that are propagating almost longitudinally along arcades over the
filament channel towards the boundary of the CH. We also ob-
served photospheric magnetic diffusion that started after the wave
and turbulence dissipation, and the fading of the DR and the CH.
We discussed possible magnetic reconnection during eruptions and
CMEs in the perspective of the turbulence magnetic reconnection
theory of Lazarian.

2 DATA SE T S A N D WO R K I N G M E T H O D

We selected one long-lived quiescent equatorial filament and nearby
CH and DR, located within 15◦ distance from the filament channel
and studied their evolution and the associated CMEs during approx-
imately 1 month (2012 August 3–September 5). For this detailed
study, we analysed the evolution of the filament registered in H α

and EUV images. We used H α images taken by Paris Observatory
(PO) at Meudon and Global Oscillation Network Group (GONG).
The PO H α spectroheliograms that we used are calibrated and have
a spatial resolution of 4 arcsec pixel−1. The GONG images are cal-
ibrated and have a cadence of 20 s and a spatial resolution of 1.052
arcsec pixel−1.

We also used EUV observations to study the evolution of CH
and DR related to the filament instabilities based on images
obtained by the Atmospheric Imaging Assembly (AIA; Lemen
et al. 2012) aboard Solar Dynamics Observatory (SDO; Pesnell,
Thompson & Chamberlin 2012) with the 304, 171, 193 and 211 Å

filters and the Extreme UltraViolet Imager (EUVI) of Sun Earth
Connection Coronal and Heliospheric Investigation (SECCHI;
Howard et al. 2008) aboard Solar TErrestrial RElations Observa-
tory (STEREO; Kaiser 2005) with the 304 and 195 Å filters. The
SDO/AIA images have a cadence of 12 s and a spatial resolution of
0.6 arcsec pixel−1. The STEREO/EUVI images have a cadence of
>2 min and a spatial resolution of 1.6 arcsec pixel−1. These images
were calibrated and processed by the SDO and STEREO routines of
Solar Software (SSW; aia_prep.pro and euvi_prep.pro).

To find the relationship between the eruption of the filament (or
filament sections) and a CME(s), we considered the starting times,
position angles and widths of the erupting filament (or filament sec-
tions) and CMEs based on the CME catalogues and images/movies
reported by the Large Angle Spectroscopic COronagraph (LASCO;
Brueckner et al. 1995) aboard SOlar and Heliospheric Observatory
(SOHO; Domingo, Fleck & Poland 1995) and the coronographs
(COR1 and COR2) of SECCHI onboard STEREO.

Finally, in order to study the magnetic evolution of the filament,
CH, DR and their surroundings associated with the filament in-
stabilities, we analysed the magnetograms provided by the Helio-
seismic and Magnetic Imager (HMI; Schou et al. 2012) onboard
SDO and synoptic maps of the photospheric magnetic field from
the Wilcox Solar Observatory (WSO; Scherrer et al. 1977; Duvall
et al. 1977). The SDO/HMI provides longitudinal (or line-of-sight)
magnetograms, with a cadence of 45 s and a spatial resolution of
0.5 arcsec pixel−1, calibrated and processed by hmi_prep.pro
(SSW).

3 DATA A NA LY SI S AND DI SCUSSI ON

3.1 Long-term evolution

The equatorial CH (of predominantly negative polarity), situated
within 15◦ from the long-lived equatorial (∼45◦ length) filament,
started forming on 2012 August 3 (CR 2126). This filament has
an additional northern unstable ∼15◦ length section, which can
be observed mostly in the EUV images. Between them, almost
parallel to the filament channel, extends a DR. Additionally, four
small ARs surround the southern footpoint of the filament (Fig. 1).
This filament is characterized by different evolutional stages that
we have discussed previously (Taliashvili et al. 2014). Let us sum-
marize some important observations. Every evolutionary stage of
this filament successively involved three sections that compose the
filament’s body: southern, central and northern, each of them char-
acterized by a different evolution as usual (Mouradian & Soru-
Escaut 1989). We observed independent, almost constant motion
of the filament plasma within each of these sections, which would
sometimes rise up. However, the whole filament remained visible
until August 8. During the evolution of this filament, some addi-
tional peculiar instabilities were observed on August 4, 6, 7 and
25 in the form of the filament plasma arcing from the southern
to the extreme northern footpoint and then subsequently returning
to its original position along the same path. This extreme north-
ern footpoint, which is clearly visible mostly in EUV images, is
located at almost the same coordinates of the small magnetic flux
(inside the circle in Fig. 1). These motions were preceded by the
successive appearance of several new magnetic fluxes close to and
along the channel and footpoints of filament. Moreover, C1.1–C3.5
flares, related to NOAA ARs 11539, 11540 and 11541, were ob-
served 0.5–3 h before these motions. Thus, the filament plasma was
launched from the southern towards the northern footpoint, follow-
ing the same path of emerged fluxes and returned to its original
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4778 H. Gutiérrez et al.

Figure 1. Left: SDO/AIA 193 Å image of 2012 August 8, 02:30 UT. The white arrows indicate the CH, DR, filament and four small ARs (11538, 11539,
11540 and 11541) near them. Right: SDO/HMI magnetograms for 2012 August 8, 02:30 UT, calibrated for ±80 G. The filament is superimposed in blue colour,
and it was taken from the GONG/H α image corresponding to the same observational time. The red circles indicate the small flux in original size and its zoom
(adapted from Taliashvili, Mouradian & Gutiérrez 2014).

position. Each of these peculiar motions observed on August 4, 6
and 7 is followed by one of these three scenarios: (1) A small EUV
loop connects to the southern footpoint of the filament, followed by
the thermal disappearance of the southern section and a magnetic
flux cancellation close to the southern footpoint, and then the loop
moves radially from the cancelled flux and associated two narrow
CMEs start accompanied by the growing of the filament and the
CH. (2) A small transient CH forms within DR related to the evac-
uated filament plasma, followed by the growing of transient CH
and the thermal disappearance of southern and central sections. (3)
Dynamic eruptions of the northern section and the major part of
the central section of the filament, accompanied by two consecutive
CMEs, the perturbation of the region between the filament channel
and CH and the disappearance of CH. Finally, on August 13, the
southern section of the prominence and the remnant of the central
section also erupted and were followed by consecutive CMEs. Based
on STEREO/EUV evolution, the filament rebuilt as it is commonly
observed (Mouradian et al. 1987) on August 14 and kept almost the
same form. An additional peculiar instability of the filament started
on August 25 near the central meridian (observed by STEREO-B)
and on the West limb (observed by STEREO-A). Thus, after these
motions, the filament always returned to its original position, keep-
ing its shape, i.e. the magnetic field structure. Fig. 3 shows one of
the newly emerged magnetic fluxes and its cancellation; this process
was always followed by the filament thermal disappearance or/and
eruption and CMEs. Lately, on August 30 (CR 20127) the filament
was observed again from Earth with a CH on the eastern side of the
filament (within 15◦ distance). The whole filament eruption started
on August 31, accompanied by a Halo CME. Additionally, a new
small equatorial transient CH formed within DR on the eastern side
of the filament few hours before this eruption, which grew during
the eruption and disappeared slowly after 3.5 d.

In this study, we focused on filament partial eruptions occurred on
August 8, 03:45 UT, and the complete filament eruption on August
31, 17:00 UT (see Table 1).

3.2 Events of August 8, 2012: dynamics of the edge of a CH

We analysed the observations by SDO/AIA, PO and GONG that
indicate the onset of eruptions of central and northern sections of

the filament on August 8, 03:45 UT, which occurred almost simul-
taneously with the flux cancellation (Fig. 3). These partial filament
eruptions started after the filament plasma had flown from its south-
ern footpoint towards the extreme northern footpoint and vice versa,
as mentioned above, during the period of August 7, 23:01 UT–August
8, 03:00 UT (Fig. 3). During this filament plasma flow, we observed
the additional plasma motion between the AR 11539 and the south-
ern section. Also two small flares, C1.7-AR 11540 and C1.1-AR
11541, located close to the southern footpoint started 3 h before
and 10 min after the starting time of eruptions, respectively. About
30 min after the starting time of eruptions, two consecutive West-
limb CME1 and CME2 started at nearly identical position angles
with respect to the central and northern sections (see Fig. 2 and
Table 1).

SDO/AIA 211 and 193 Å observations show a series of coronal
loops that formed at the heated region between the filament channel
and the CH boundary before and after the partial eruptions (Fig. 4).
Some loops are observed almost simultaneously with the filament
plasma flow from its southern to the extreme northern footpoint
on August 7 and some loops just before the onset of eruptions.
Before and after the formation of these loops, several EUV bright
points associated with the small magnetic dipoles appeared and
disappeared quickly between the DR and the CH and very close
to the filament channel and its southern footpoint. As observed in
SDO/AIA 304 Å images (black arrows, Fig. 4), the loop formation
was accompanied by the plasma motion from the filament chan-
nel to the western boundary of CH. Initially, just a few minutes
before the eruptions, the filament plasma, related to a part of the
central section not involved in filament eruption, moved from the
central part of the filament channel, reached the western bound-
ary of CH and induced the onset of CH fading (August 8, 07:15
UT; Fig. 4). Later, after the filament partial eruptions and CMEs,
several additional loops formed and the evacuated filament plasma
moved from the southern part of the filament channel, reached
the southern side of CH and led to the disappearance of the dim-
ming region and almost the whole CH (at 20:00 UT). Furthermore,
the analysis of SDO/HMI magnetograms after the partial filament
eruptions and the disappearance of DR and CH show the magnetic
diffusion at the north side of the erupted northern section of the
filament.
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A CH associated with a filament eruption 4779

Table 1. Summary of key instabilities of the filament and associated activities during the period of 2012 August 7–September 4.

Activity Date/Observations

The filament plasma arcing from the southern to the northern footpoint and
then returning along the same path.

August 7, 23:01 –August 8, 03:00 UT (Fig. 3)

Several EUV loops formed between the filament channel and the western
boundary of the CH.

August 7, 23:01 UT–August 8, 03:45 UT (Fig. 4)

DBd of CS and NS sections and the flux disappearance. August 8, 03:45 UT (Fig. 3)

C1.7 (AR 11540) and C1.1 (AR 11541) flares. August 8, ∼00:45 UT and ∼03:55 UT respectively

CME1: PA ∼ 255◦, W ∼ 20◦. August 8, ∼04:12 UT (Fig. 2)

Several EUV loops formed between the filament channel and the western
boundary of CH.

From August 8, ∼04:40 UT (Fig. 3)

CME2: PA ∼ 275◦, W ∼ 60◦. August 8, ∼05:48 UT (Fig. 2)

Plasma motions from the filament channel towards the CH. August 8, 03:20 UT–11:00 UT (Fig. 4)

Disappearance of DR and CH. August 8, 07:15 UT–20:00 UT (Fig. 4)

DBd of the SS and the CS’s remnant, followed by two West-limb CMEs
PA ∼ 259◦ and W ∼ 53◦; PA ∼ 255◦ and W ∼ 27◦

August 13, 09:36, 10:48 , 13:25 UT, respectively

Prominence is reformed. From August 14

The filament plasma arcing from the southern to the northern footpoint, and
then subsequently returning along the same path.

August 25, 06:30 UT (on the far side of the Sun, observed by STEREO-B at
the central meridian and by STEREO-A at the West limb)

The filament close to the CH and DR. August 30, CR 2127 (Fig. 10)

The prominence expansion starting slowly. August 31, ∼17:00 UT

Complete DBd of prominence. August 31, ∼19:45 UT (Fig. 10)

C8.4 flare (AR 11563) and type II radio burst. August 31, ∼20:10 UT

Halo CME3. August 31, ∼20:10 UT (Fig. 9)

Formation of post-DBd/flare loops. August 31, ∼20:50 UT (Fig. 10)

Formation of post-CME loops. September 1, 23:00 UT–September 3, 16:00 UT (Fig. 10)

Plasma motions from the southern region of the erupted filament towards the
southern boundary of the CH and from the north-east of the filament towards
the western boundary of the CH.

August 31, 23:00 UT–September 3, 16:00 UT (Fig. 10)

Disappearance of the CH and DR. September, 1 02:00 UT–September 4, 08:00 UT (Fig. 10)

Additionally, in order to study the perturbed region between
the filament channel and the CH boundary, we selected a sector
(15◦ × 12◦) from this region based on the SDO/AIA 193 Å images
and divided it into 11 segments or cuts, parallel to the solar equator
(Fig. 5a). We have used the method, similar to that reported by
McIntosh et al. (2011), Shen, Liu & Su (2012), Verwichte et al.
(2013) and Ma et al. (2014). We elaborated the time evolution map
of each cut during 10 h, starting at 00:00 UT on August 8, which is
the preceding period to the CH disappearance. Fig. 5(b) shows one
part of this map that reveals the CH evolution and its disappearance
related to the arrived plasma. Generally, all segments of this map
show the filament plasma disturbances and wavy behaviour of the
longitudinally moving plasma from the filament channel towards the
CH boundary (clearly observed from 07:00 to 07:42 UT, Fig. 5c). We
believe that they are MHD waves involved in the magnetic recon-
nection process and are related to the filament plasma instabilities.
We made the same analysis of SDO/AIA 304, 171 and 211 Å im-
ages and obtained similar results observed in the 304 and 171 Å
images, but to a lesser extent in the 211 Å images, which depicts
the specific low coronal region where MHD waves are propagated.
Fig. 6 shows the time evolution of cuts 4, 6 and 8 in the 171 Å
images, and Fig. 6(d) shows the wave-like dynamics of the moving
plasma (with a period of about 15 min) through a small region of cut
8 during the period of 07:30 –08:00 UT. Moreover, based on the time
evolution map of cut 4 (in the 193 Å images, Fig. 7), we estimated

the average speed of propagation (Shen et al. 2012, have reported a
similar method for the filament eruption) of ∼17.53 km s−1 of the
longitudinally moving plasma from the filament channel towards
CH, within the time range of ∼06:20 –06:40 UT.

3.3 Events of August 31, 2012

The next Carrington rotation observations show the reformed fila-
ment close to the East limb with the CH and the DR at similar posi-
tions. At ∼17:00 UT, August 31, the prominence expansion started,
at 19:30 UT the prominence twisted significantly and then at ∼19:45
UT the whole prominence started erupting slowly. This eruption ac-
celerated when its southern footpoint reconnected with the nearest
AR 11563. Then, a long duration associated C8.4 flare and type II
radio burst and the subsequent Halo CME3 started almost simulta-
neously at 20:10 UT (Fig. 9 and Table 1). At ∼20:26 UT, we observed
the evacuated prominence material. After ∼25 min, the post-flare
loops formed that extended to the AR 1162 (Fig. 10). In order to
study this eruption in detail, we selected a sector (110◦ < θ < 140◦

and 0.4RS < R < 1.45RS, Fig. 8a) from the SDO/AIA 193 Å images,
made an R − θ map (Fig. 8b), chose a cut at the angular position
θ = 121.96◦ (white line, Fig. 8b), which corresponds to the centre
of the prominence body during its eruption, and finally obtained
the corresponding time evolution map (Fig. 8c). A similar method
has been reported by McIntosh et al. (2011). This map allowed
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4780 H. Gutiérrez et al.

Figure 2. Left: SDO/AIA 193 Å image of 2012 August 8, 03:20 UT. The red lines delimit the three sections of the filament: north (NS), central (CS)
and south (SS). The position angle of each section is PANS ∼ 254◦, PACS ∼ 225◦ and PASS ∼ 210◦. Right: CME1 (PA ∼ 255◦, W ∼ 20◦) and CME2
(PA ∼ 275◦, W ∼ 60◦), respectively; we estimated these values of width based on SOHO/LASCO–C2 images.

Figure 3. GONG/H α and SDO/AIA 304 Å (T = 5 × 104 K) images and SDO/HMI magnetograms for 2012 August 7–8. The magnetogram scale is displayed
to the right side of the figure. The black rectangles show the DBds of a part of CS and the whole NS, and the black circle shows the magnetic flux, which
disappeared almost simultaneously with DBds.

us to estimate the velocity and acceleration of the prominence
plasma using the adjustment h = A(log (cosh (Bt + C))) + Dt + E
of the eruption trajectory and obtain its temporal derivatives
(Sheeley, Warren & Wang 2007; Alissandrakis et al. 2013). These
results are shown in Figs 8(d) and (e). We applied this method to

each of the SDO/AIA EUV channel observations and obtained very
similar results. The prominence plasma accelerated from ∼19:30
UT, in ∼25 min its propagating speed reached V ∼ 700 km s−1

(Fig. 8d) and was followed by the Halo CME3 (reported by CAC-
Tus as a semi-Halo), with Vlinear ∼ 1442 km s−1 (SOHO/LASCO-
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A CH associated with a filament eruption 4781

Figure 4. SDO/AIA 304 Å (T = 5 × 104 K) and SDO/AIA 211 Å (T = 2 × 106 K) images. CH boundaries are enhanced with white colour. Some loops
between the filament (blue colour) and CH surroundings are enhanced with green colour. The black rectangle enclosed the CS and NS, as well as the surrounding
region of the filament, related with the possible magnetic reconnection between the filament footpoints and the CH boundary. With the black arrows we indicate
the plasma that is moving towards the CH.

Figure 5. (a) The sector of 15◦ × 12◦ of the SDO/AIA 193 Å (T = 1 × 106 K) image for 2012 August 8, 05:30 UT, which includes CH and its surroundings.
Each of the eleven white lines corresponds to a segment or a cut (of ∼8◦ longitudinal × 0.6 arcsec (or 1 pixel) latitudinal extensions), parallel to the solar
equator. (b) The time evolution map of cut 5 for the period of 05:30 –09:10 UT. The dark region corresponds to the CH, and the white arrows indicate the
direction of the plasma propagation. (c) Zoom of the white box from (b) shows the oscillatory behaviour of the moving plasma during the period of 07:00
–07:42 UT.

C2: 2.0 RS − 6.0 RS), Vmedium ∼ 520 km s−1 and Vmax ∼ 892 km s−1

(STEREO-B/SECCHI-COR2: 1.1 RS − 3.0 RS). These results in-
dicate an additional CME acceleration starting at a height of 3 RS.
Fig. 9 shows the R − θ map of this sector based on the STEREO-
B/EUVI 304 Å images that include the twisted prominence with a
possible X-point of reconnection (white arrow) and the associated
Halo CME3 (STEREO-B/ SECCHI-COR1).

Moreover, after the eruption we observed strong perturbations of
the region between the filament channel and the CH where multiple
coronal loops formed (Fig. 10). Several hot loops formed first, after
the prominence eruption, which was accompanied by the C8.4 flare
and type II radio burst (August 31, 22:30 UT, Fig. 10), whereas some
other cooler loops formed later, ∼24 h after CME3 (green colour,
Fig. 10). This loop formation was accompanied by the evacuated

filament plasma motions from the southern region of the erupted
filament towards the southern boundary of the CH and from the
northeast of the filament towards the western boundary of the CH
(black arrows, Fig. 10). About 6 h after the eruption, the additional
plasma arrived at the northern part of the CH from the southeast re-
gion of the erupted filament (white arrows, Fig. 10). As a result, the
CH started to fade slowly from all directions and disappeared com-
pletely ∼3.5 d after the filament eruption (Fig. 10). From September
4, the whole filament with a sigmoid form was observed again in
the H α images.

During the post-filament eruption and post-CME3 processes, we
observed the waves propagating longitudinally from the filament
channel towards the western boundary of the CH. Applying the
same method, which we had previously used for the post-filament
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4782 H. Gutiérrez et al.

Figure 6. (a–c) The time evolution map of cuts 4, 6 and 8 (from Fig. 5a) based on the SDO/AIA 171 Å (T = 6 × 105 K) images for 2012 August 8, 05:30
–09:10 UT. (d) Zoom of the white box from (a) that shows the wavy behaviour of the perturbed region between the filament channel and the CH boundary from
07:30 to 08:00 UT.

Figure 7. The time evolution map of cut 4 (from Fig. 5a) based on the SDO/AIA 193 Å images for 2012 August 8. The white line indicates a uniform plasma
motion that we consider as a proxy for estimating the average speed of propagation (∼17.53 km s−1).
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A CH associated with a filament eruption 4783

Figure 8. (a) The sector (110◦ < θ < 140◦ and 0.4 RS < R < 1.45 RS) of the SDO/AIA 193 Å image for August 31, 19:48 UT. (b) R − θ map of this sector;
the blue line corresponds to the cut at the angular position θ = 121.96◦. (c) Temporal evolution of this cut; the blue line corresponds to the fit of the filament
eruption trajectory. (d–e) The filament plasma speed and acceleration calculated from the fit.

Figure 9. (a and b) Sectors of STEREO-B/EUVI 304 Å images for August 31, 19:49 and 19:54 UT. The twisted filament eruption is clearly observed (white
arrow). (c and d) STEREO-B/COR1 images of the Halo CME3, observed at 20:26 and 21:26 UT.

eruption waves of August 8, we analysed several cuts through the
perturbed region and obtained a similar result of the possible MHD
waves (Fig. 11). We also observed the disappearance of several
bright points, associated with the small magnetic dipoles, near and

inside the CH that accompanied this process. Moreover, SDO/HMI
magnetograms show the magnetic diffusion at the southern part of
the perturbed region that started slowly after the wave/turbulence
dissipation and onset of the CH fading.
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Figure 10. SDO/AIA 304 Å and SDO/AIA 211 Å images. The CH boundaries are enhanced with white colour and several cool loops near to the CH with
green colour. The black arrows indicate the plasma that is moving towards the southern part of the CH and white arrows indicate the plasma that is moving
towards the northern part of the CH.

Figure 11. (a) The sector of 42◦ × 28◦ of the SDO/AIA 193 Å image for 2012 August 31, 22:47 UT, which includes the CH, the filament and their surroundings.
Each of the white lines corresponds to a segment or cut [of ∼18◦ longitudinal × 0.6 arcsec (or 1 pixel) latitudinal extensions], parallel to the solar equator. (b)
The time evolution map of cut 21 for the period of 19:00 –23:59 UT, August 31, based on SDO/AIA 193 Å images. The white arrow indicates the filament
eruption. (c) Zoom of the white box from (b) shows wavy behaviour of the moving plasma during the period of 21:00 –22:30 UT. (d) The time evolution map
of cut 10 for the period of 08:00 –12:30 UT, September 1, based on SDO/AIA 171 Å images. (e) Zoom of the white box from (d) shows the wavy behaviour of
the moving plasma during the period of 10:30 –12:15 UT.

4 C O N C L U S I O N S

We have presented the results of a detailed study of the evolution
of equatorial CH and DR related to the nearby large equatorial
quiescent filament/prominence eruptions and the associated CMEs.
The filament and the CH are separated by ∼15◦, which is a critical
distance for the interaction between them (Taliashvili et al. 2009;
Panasenco et al. 2011; Gutiérrez et al. 2013). This filament is char-
acterized by the different evolutional stages that we have discussed
previously (Taliashvili et al. 2014). In this study, we focused on the
filament partial eruptions occurred on August 8 and the filament
complete eruption occurred on August 31.

The first instability was started by increasing disturbances of
the filament body anticipated by the emergence of several small
magnetic fluxes close to the filament footpoints. Then, the filament
plasma moved from its southern to the northern footpoint and vice
versa accompanied by the perturbations of the region between the

filament and CH that includes the DR. In this perturbed region,
several fluxes disappeared and the post-filament eruption EUV loop
formed, followed by the plasma motions from the filament channel
towards the CH boundary. This moving plasma is related to one
part of the filament plasma, which is not involved in the filament
partial eruptions of August 8. These processes are indicators of the
possible magnetic reconnection involving the filament footpoints
and CH boundaries (Madjarska et al. 2004; Gutiérrez et al. 2013).
On the other hand, a cadence of the possible magnetic photo-
spheric reconnection could have occurred as we observe a strong
turbulence of the filament body, the flux cancellation close to the
filament footpoints, the filament partial eruptions and the associated
two CMEs. It is well known that the relation between the promi-
nence dynamic eruptions and CMEs is due to magnetic reconnec-
tion, frequently anticipated by the emergence of a new magnetic flux
at one of the footpoints of the filament (Mouradian et al. 1987), while
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the energy is transported by waves along the flux tubes in the promi-
nence feet from the pivot point (Mouradian & Soru-Escaut 1989).
Photospheric motions at footpoints as well as turbulent motions
within different sections of the filament probably induce kink insta-
bility and a partial eruption of the filament. At the next Carrington
rotation, a significant twist was added by the reconnection to the ris-
ing flux in the course of an eruption (e.g. Qiu et al. 2007). Flux ropes
could reconnect and merged prior to an eruption, thereby adding
up their respective twists (e.g. Pevtsov, Canfield & Zirin 1996;
Canfield & Reardon 1998; Schmieder et al. 2004). This was es-
pecially well observed on the August 31 event. Our observations
display the twisted prominence body, anticipated by strong dis-
turbances and the prominence expansion, started just before its
complete and slow eruption, leading probably to the torus insta-
bility. The flux rope that is progressively formed by photospheric
reconnection and successively by flux cancellation approaches a
critical point of the equilibrium curve driven by a constant increase
of the twist and/or by changing the magnetic flux below/above the
flux rope, removes the overlying arcades by coronal reconnection
and erupts by developed torus instability (Kliem & Török 2006;
Aulanier et al. 2010, and their references; Schmieder et al. 2013,
review). This slow filament eruption was accelerated when its south-
ern footpoint reconnected with the nearest AR and was followed by
a long duration flare, type II radio burst and the subsequent Halo
CME. The post-filament eruption and post-CME evolution for both
cases of August 8 and 31 were characterized by strong perturba-
tions of the region between the filament channel and the CH. In
this perturbed region, after the filament eruption and CME, several
EUV loops formed followed by the longitudinally moving plasma
and MHD waves. The moving plasma and MHD waves propagating
away from the possible reconnection region reached DR/CH and in-
duced the onset of their fading. Finally, we observed the magnetic
diffusion that started after the wave/turbulence dissipation and the
onset of CH/DR fading, as well as a magnetic realignment of the re-
gion that enclosed them. The magnetic reconnection and magnetic
diffusion associated with both cases of filament eruption control
the evolution of the CH area (Gutiérrez et al. 2013; Hiremath &
Hegde 2013).

Our observations indicate a close connection of disorganized
motions in the filament body and reconnection. The turbulence
and oscillations and waves are related. For instance, in Lazarian
(2016), it is described how the oppositely moving packets of
Alfvénic waves generate turbulence. If a wave is propagating in
one direction, a reflected wave is expected in the other direction.
Even in unrealistically homogeneous plasmas the reflection is pos-
sible due to the parametric instability. The post-filament eruption
and post-CME longitudinally propagated waves that we observed
are probably the reflected Alfvén waves associated with these pro-
cesses. Alfvén waves that propagate along a flux tube with a radially
varying Alfvén-speed undergo partial reflection back towards the
Sun (Heinemann & Olbert 1980; Velli 1993). The existence of
counter-propagating wave packets, even if only a small fraction of
the energy is coming back , allows a non-linear MHD turbulent cas-
cade to develop. In the case of the balanced cascade, i.e. when the
energy flows are the same in opposite directions, the theory is most
developed (Iroshnikov 1963; Kraichnan 1965; Dobrowolny, Man-
geney & Veltri 1980; Velli, Grappin & Mangeney 1989; Goldreich &
Sridhar 1995; Lazarian & Vishniac 1999; Cho & Vishniac 2000;
Maron & Goldreich 2001; Cho & Lazarian 2002; Cho, Lazarian &
Vishniac 2002). For the imbalanced cascade, i.e. when the en-
ergy flux in one direction exceeds the energy flux in the oppo-
site direction; the imbalanced cascade emerges (see Beresnyak &

Lazarian 2008, 2009). Both balanced turbulence and imbalanced
turbulence induce magnetic field wondering that induces fast mag-
netic reconnection (see Lazarian et al. 2015, for a review). On the
whole, from the point of view of the theory, we expect to have
a case of imbalanced MHD turbulence (see Beresnyak & Lazar-
ian 2007, 2009), which can vary in a large range according to
Goldreich & Sridhar (1995). Nevertheless, this type of turbulence
is expected to induce magnetic field line stochastic motions (see
Eyink et al. 2011) and consequently induce magnetic reconnection.
A cadence of the possible magnetic reconnection takes place pri-
marily by the filament body turbulence, which is in agreement with
the turbulent reconnection theory (Lazarian & Vishniac 1999). It is
also important to point out that the plasma motions and CH disap-
pearance were faster after the partial filament eruptions of August
8, which lasted just about 12 h, whereas after the whole filament
eruption of August 31, the process lasted almost 3.5 d. We con-
sider this difference to be related to the stronger filament plasma
turbulence involved in the pre-filament eruption and the magnetic
reconnection processes related to the filament partial eruptions as
well as to the perturbed region of shared and the turbulent post-
eruption/CME plasma. The turbulence can be pre-existing but is
also self-generated by the reconnection process; the turbulence is
spontaneous, with available energy released by a rich array of in-
stabilities, such as kink instability of twisted flux tubes in the solar
corona as well as hydrodynamic instabilities associated with the
outflow (Lazarian et al. 2015). While our study cannot quantita-
tively check the prediction of the turbulent reconnection theory, we
definitely observe a very close relation between magnetic recon-
nection and the generation of turbulence and MHD waves, which is
consistent with what is expected in turbulent reconnection.

General magnetic reconfiguration, associated with the post-
eruption evolution of these long-lived prominence and the CH,
whichis characterized by very stable magnetic fields, also involved
some ARs, located very close to the filament southern footpoint,
especially, the associated C8.4 flare and type II radio burst of
August 31, which started after the prominence eruption and allowed
the input of the additional energy released and the destabilization
of the whole region. The destabilization of the reconnecting region-
swhich entails bursts of reconnection is part of one of the predictions
of the theory of turbulent reconnection (Lazarian et al. 2009). An-
other prediction related to the reconnection layer was first tested by
Ciaravella & Raymond (2008), and an improved analysis was pre-
sented in Lazarian et al. (2015). Other papers explored the similarity
of magnetic reconnection in turbulent MHD simulations and in the
solar wind (Lalescu et al. 2015). The propagation of the reconnec-
tion front and triggering of reconnection by turbulence induced in
other regions (see Sych et al. 2009) are the problems that require
further detailed study.

The processes that we observed can also be linked to the problem
of the heating of solar corona, which is affected by the combi-
nation of wave/turbulence dissipation and magnetic reconnection
(Cranmer et al. 2015). However, the evolution of magnetic recon-
nection led by the turbulence requires further analysis. To provide
a study of the associated physics and test the theory, complex and
detailed magnetic observations are required, which in turn can more
clearly reveal the process of the evolution of coronal and interplan-
etary magnetic fields.
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