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Abstract. In this work we present a comparative analysis of two filament/prominence
eruptions (EP) driven by helical kink instability. First EP on 2010 March 30 presented a
kink induced confined eruption of a single magnetic flux rope (FR) followed of partial FR
reformation, which was associated with coronal mass ejection (CME). The second EP on
2014 May 4 represented kink induced eruptions of two coupled FRs of the same filament
that were interacting and splitting during the eruption. The first FR underwent a confined
eruption followed of FR reformation while the second FR underwent a successive partial
eruption, which was associated with CME. The physical processes in the EPs environments,
such as magnetic emergence, cancellation or shearing, reconnection signatures, overlaying
magnetic arcades and the activity events accompanying the eruptions were analyzed. This
work laid special emphasis on specific conditions, which are crucial for the type of the filament
eruptions and their kinematics and evolution.
Key words: Sun; Solar Prominence Eruptions; Coronal Mass Ejections; Magnetic Fields;
Multiwavelengt Observations

Introduction

The kink instability is one of the basic physical mechanisms that drive fila-
ment eruptions (e.g., Bi et al., 2011; Liu et al., 2007). Recent observations of
kinking filament eruptions, including full, partial, and failed eruptions reveal
that the type of eruption depends on the interactions of the filament with its
magnetic environment (Gilbert et al., 2007). The EP on 2010 March 30 evolved
as a height-expanding left-handed twisted loop with both legs anchored in a
chromospheric plage region. The EP reached a maximum height of 526 Mm
before contracting to its primary location, where it was partially reformed in
the same place two days later. Nevertheless, this eruption triggered a CME
observed in LASCO C2 (Koleva et al., 2012). The EP on 2014 May 4 con-
sisted of two coupled filament FRs (FR1 and FR2) located along the same
polarity inversion line, i.e. in the same filament channel in a quiet solar region.
Only the FR1 eruption was associated with CME (Dechev et al., 2018). First
event was observed as an EP above the limb from AIA/SDO, while in the
EUVI/STEREO B field-of-view (FOV) it was viewed as a filament eruption
(FE). Second event was well observed as an EP above the limb from AIA/SDO
and EUVI/STEREO-B, while in the EUVI/STEREO-A FOV, it was observed
as a FE (Fig. 1). The associated CMEs were well observed in LASCO C2 FOV.

1.Analysis and Results

The EP on 2010 March 30 revealed three distinct phases: prominence activa-
tion, an eruption with acceleration, and an eruption with a constant velocity
(Fig. 2a). Its kinematic parameters given in Table 1 are typical for a single
FR failed eruption.
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h i g h l i g h t s 

• The EP source was two coupled filament segments in a quiet solar region. 
• Eruption belongs to the class of causally linked eruptions of two coupled segments. 
• EUV signatures suggest magnetic flux and current transfer between filament segments. 
• The segments have same helicity over the critical values for kink instability to act. 
• Two segments produced successive (partial) and failed kink-induced eruptions. 
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In this work, we report results from the study of a filament/prominence eruption on 2014 May 4. This 

eruption belongs to the class of rarely reported causally linked eruptions of two coupled flux tubes (FTs) 

of a quiet region filament. We made a comparative analysis based on multiwave observations from Solar 

Dynamics Observatory (SDO) and Solar Terrestrial Relations Observatory (STEREO) A and B combining the 

high temporal and spatial data taken from three different viewpoints. The main results of the study are as 

follows: (1) The source of the eruptive prominence consists of two coupled FTs located near the eastern 

limb: top-located one (FT1) and bottom-located one (FT2). (2) FT1 and FT2 had the same helicity, i.e. left- 

handed twist and writhe. Their untwisting motion during eruption suggests that kink instability seems 

to act. (3) The kinematic evolution of the FT1 suggests a slow successful eruption that was associated 

with a slow CME. (4) The FT2 exhibited failed kinked eruption with a non-radial propagation followed by 

its reformation. This eruption was accompanied of apparent mass draining in the legs, flare-ribbons and 

post-flare EUV arcade. 

© 2017 Elsevier B.V. All rights reserved. 

1. Introduction 

It has been widely accepted that the filament/prominence erup- 

tions, coronal mass ejections (CMEs), and flares, are three differ- 

ent manifestations of a large single physical process, whose en- 

ergy source is derived from the free energy contained in sheared 

or twisted coronal magnetic fields (e.g. Forbes, 20 0 0; Lin et al., 

2003; Su et al., 2011 ). Observationally, the eruptive prominences 

(EPs) are frequently associated and physically related to CMEs and 

flares ( Tandberg-Hanssen, 1995; Forbes, 20 0 0; Priest and Forbes, 

2002; Lin et al., 2003 ) and some of them are followed by two rib- 

bon flares ( Choudhary and Moore, 2003; Chandra et al., 2011 ). 

Observed in white light, CMEs are often seen as a three-part 

structure of a bright CME leading front (rim), followed by a dark 
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cavity, and a bright core (e.g. Illing and Hundhausen, 1986; Gib- 

son et al., 2006; Chen et al., 1997; Chen, 2011; Vourlidas et al., 

2013 ). The cavity is suggested to be the upper portion of a heli- 

cal flux rope with an EP at its bottom that is a white-light coun- 

terpart of the CME bright core (e.g. Munro et al., 1979; House 

et al., 1981; Low, 1996; 2001; Chen et al., 2006; 2014 ). In re- 

cent years, the typical rim-cavity-prominence coronal mass ejec- 

tion (CME) morphology has been hypothesized to be the result of 

underlying magnetic flux-rope (FR) geometry. This hypothesis has 

been applied to the description of prominences, CMEs, and to com- 

bined FR-Prominence-CME structures (see e.g. Krall and Sterling, 

2007; Green and Kliem, 2009 , for detailed reviews). 

An outstanding question about CMEs and EPs structures is 

whether they are driven by a pre-existing FR through ideal 

processes, such as loss of equilibrium or magnetohydrodynamic 

(MHD) instabilities (e.g. kink or torus), or by non-ideal (resistive) 

processes, i.e., magnetic reconnections, which either lead to expul- 

http://dx.doi.org/10.1016/j.newast.2017.09.002 
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• A sequence of four homologous prominence eruptions of confined type is analysed. 
• Homologous behaviour during the pre-eruptive phase is found in 17 GHz radio data. 
• A new (fourth) criterion for homology is defined. 
• Maximum height increase of each consecutive eruption-an important homology feature. 
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The present study provides important details on homologous eruptions of a solar prominence that oc- 

curred in active region NOAA 10904 on 2006 August 22. We report on the pre-eruptive phase of the 

homologous feature as well as the kinematics and the morphology of a forth from a series of promi- 

nence eruptions that is critical in defining the nature of the previous consecutive eruptions. The evo- 

lution of the overlying coronal field during homologous eruptions is discussed and a new observational 

criterion for homologous eruptions is provided. We find a distinctive sequence of three activation periods 

each of them containing pre-eruptive precursors such as a brightening and enlarging of the prominence 

body followed by small surge-like ejections from its southern end observed in the radio 17 GHz. We 

analyse a fourth eruption that clearly indicates a full reformation of the prominence after the third erup- 

tion. The fourth eruption although occurring 11 h later has an identical morphology, the same angle of 

propagation with respect to the radial direction, as well as similar kinematic evolution as the previous 

three eruptions. We find an important feature of the homologous eruptive prominence sequence that is 

the maximum height increase of each consecutive eruption. The present analysis establishes that all four 

eruptions observed in H α are of confined type with the third eruption undergoing a thermal disappear- 

ance during its eruptive phase. We suggest that the observation of the same direction of the magnetic 

flux rope (MFR) ejections can be consider as an additional observational criterion for MFR homology. This 

observational indication for homologous eruptions is important, especially in the case of events of typical 

or poorly distinguishable morphology of eruptive solar phenomena. 

© 2016 Elsevier B.V. All rights reserved. 

1. Introduction 

The relationship between eruptive prominences (EPs) and other 

eruptive solar phenomena such as CMEs and flares (e.g. St. Cyr and 

Webb, 1991; Subramanian and Dere, 2001; Schrijver et al., 2008; 

Chandra et al., 2010 ) suggests that the three eruptive events of- 

ten occur in the same large-scale coronal magnetic field configu- 

ration (e.g. Forbes, 20 0 0 ) in which the EP occupies a limited vol- 

ume at its base. It is commonly accepted that solar prominence 

(filament) eruptions frequently accompany coronal mass ejections 

(CMEs). Thus, studying the pre-eruption phase, origin and evolu- 
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tion of EPs gives additional information relevant to CMEs’ launch 

and propagation. 

The observations and studies of early stages of prominence 

eruptions, i.e. prominence pre-eruptive activation, are crucial for 

the understanding of the signatures and pre-cursors of forthcom- 

ing solar eruptions. The observations of prominence motions be- 

fore and near the eruption onset can provide information for the 

coronal magnetic field evolution during the pre-eruptive stages 

(e.g. Sterling et al., 2012 ). Multi-wavelength studies of the pre- 

cursor signatures for eruptions, such as pre-eruptive brighten- 

ings in microwave, extreme ultraviolet (EUV), and X-ray emis- 

sion changes are necessary to reveal the processes involved in 

the prominence destabilisation. In particular, microwave observa- 

tions can show the full temporal and spatial prominence (filament) 

http://dx.doi.org/10.1016/j.newast.2016.05.001 

1384-1076/© 2016 Elsevier B.V. All rights reserved. 
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ABSTRACT

Context. We study a sequence of eruptive events including filament eruption, a GOES C4.3 flare, and a coronal mass ejection.
Aims. We aim to identify the possible trigger(s) and precursor(s) of the filament destabilisation, investigate flare kernel characteris-
tics, flare ribbons/kernels formation and evolution, study the interrelation of the filament-eruption/flare/coronal-mass-ejection phe-
nomena as part of the integral active-region magnetic field configuration, and determine Hα line profile evolution during the eruptive
phenomena.
Methods. Multi-instrument observations are analysed including Hα line profiles, speckle images at Hα – 0.8 Å and Hα+ 0.8 Å from
IBIS at DST/NSO, EUV images and magnetograms from the SDO, coronagraph images from STEREO, and the X-ray flux observa-
tions from Fermi and GOES.
Results. We establish that the filament destabilisation and eruption are the main triggers for the flaring activity. A surge-like event
with a circular ribbon in one of the filament footpoints is determined as the possible trigger of the filament destabilisation. Plasma
draining in this footpoint is identified as the precursor for the filament eruption. A magnetic flux emergence prior to the filament
destabilisation followed by a high rate of flux cancellation of 1.34 × 1016 Mx s−1 is found during the flare activity. The flare X-ray
lightcurves reveal three phases that are found to be associated with three different ribbons occurring consecutively. A kernel from
each ribbon is selected and analysed. The kernel lightcurves and Hα line profiles reveal that the emission increase in the line centre is
stronger than that in the line wings. A delay of around 5–6 min is found between the increase in the line centre and the occurrence of
red asymmetry. Only red asymmetry is observed in the ribbons during the impulsive phases. Blue asymmetry is only associated with
the dynamic filament.

Key words. Sun: activity – Sun: flares – Sun: filaments, prominences – line: profiles

1. Introduction

Solar flares are powerful solar phenomena that are believed to
be driven by magnetic reconnection resulting in plasma heat-
ing and particle acceleration. They can be observed as emission
enhancements across the entire electromagnetic spectrum, from
radio to γ-ray wavelengths. Flares are considered as phenom-
ena initiated in the corona since radio and hard X-ray emission
at flaring sites were discovered (Shibata & Magara 2011, and
the references therein). For decades, the chromospheric response
to flares has been investigated by using Hα filtergrams. Flaring
sites observed in Hα show spectacular phenomena such as fil-
ament (prominence) eruptions and flare ribbons (bright regions
in the chromosphere along the magnetic neutral line); Hα ker-
nels, which are very bright and compact Hα emission sources
embedded in flare ribbons, are also common features appearing
during a flare. They are believed to be the locations of high-
energetic particle precipitation. More details about solar flares
can be found in several reviews (e.g. Hudson 2007; Benz 2008;
Shibata & Magara 2011; Fletcher et al. 2011).

Although flares have been observed at chromospheric tem-
perature since the Hα filter was invented in the 1930s, the precise

⋆ Appendix A and movie associated to Fig. A.4 are available in
electronic form at http://www.aanda.org

mechanism(s) by which energy release in the corona drives chro-
mospheric emission bursts, called ribbons or kernels, has not
been well established. A two-dimensional magnetic reconnec-
tion model called CSHKP (Carmichael 1964; Sturrock 1966;
Hirayama 1974; Kopp & Pneuman 1976), suggests that the
plasma surrounding a null point in the corona is heated such that
high coronal pressure, thermal conduction, and non-thermal par-
ticles (mostly electrons) can efficiently carry energy from the
magnetic reconnection site in the corona to the lower solar at-
mosphere along the magnetic field lines (Magara et al. 1996).
Thermal radiation from soft X-rays, EUV, and UV can also con-
tribute to this process, but this contribution was found to be very
small (Allred et al. 2005). Other more recent works have raised
questions about the viability of this mechanism in the light of
recent observations (Fletcher & Hudson 2008) and suggested
Alfvén wave propagation as an alternate energy transport mech-
anism from the corona to chromosphere during flares (Russell &
Fletcher 2013).

Although Hα filtergrams provide a wealth of information on
the dynamic morphological evolution of the flare in the chro-
mosphere (Hudson 2007, and references therein), full Hα line
profiles have powerful diagnostic potential for understanding
the physical mechanism driving solar flares. Based on a static
model, Canfield et al. (1984) calculated Hα profiles of flare chro-
mospheres produced by different mechanisms (see the previous

Article published by EDP Sciences A148, page 1 of 18
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Abstract. We present very rarely reported case of an eruptive prominence (EP) com-
posed by both hot, bright flux rope (BFR) and cool massive flux ropes (MFR) and
associated partial-halo coronal mass ejection (CME). Using SDO and STEREO A and
B multi-wavelength observations, we examined in detail the eruption of EP flux ropes
(FRs) and their associated activities in a complex magnetic configuration located be-
neath a multiarcade helmet streamer. We establish the sequence of activities appearance
involved in casually linked chain of events on 2014 March 14: short-lived active region,
surge eruption, EP BFR rising, EP BFR and MFR merging and interacting, EP common
FR fast rise, flare, EP FR bifurcation, partial-halo CME with bi-component bright core,
impulsive flare, post-flare loop arcade. A surge-like event in the northern EP footpoints is
determined as the possible trigger of the bright FR appearance beneath the cool, massive
FR. Plasma draining in this footpoints is identified as the precursor for the EP eruption.
We find that the EP FRs merging at the fast-rise onset and their splitting in the phase of
strong acceleration are the main triggers for the flaring activity. Studying the eruptions
of EP hot and cool FRs with their associated CME, we find that they are co-spatial with
the CME bright core, i.e. the hot and cool EP FRs produced bi-component CME bright
core.
Key words: Sun; Solar Prominence Eruptions; Flares; Coronal Mass Ejections; Multi-
wavelengt Observations

Introduction

The solar prominences (known as filaments, when they are observed on
the disk) are dense and cool material suspended in the hot and thin solar
corona along polarity inversion lines (PILs). They are found in magnetic
dip regions located in two main magnetic configurations: a sheared arcade
and a flux rope. In the sheared arcade configuration, the arcade connects
the opposite polarities on either sides of a PIL, whereas in the case of the
flux rope configuration the magnetic field has helical magnetic structure
(Mackay et al., 2010). It is commonly accepted to divide filaments into
three types according to their locations on the solar disk: active-region,
intermediate, and quiescent filaments (e.g. Engvold, 1998; Mackay et al.,
2010).

It is widely accepted that prominence/filament eruptions are often one
aspect of a more general single eruption that can produce a solar flare and
a coronal mass ejection (CME) (e.g., Hirayama, 1974; Shibata et al., 1995;
Moore et al., 2001; Forbes, 2000; Priest & Forbes, 2002). These three erup-
tive phenomena are usually considered to be connected with each other, and
they may be different manifestations of the same magnetic energy release
process in the corona (e.g. Shibata et al., 1995; Forbes, 2000; Moore et al.,
2001; Priest & Forbes, 2002; Sterling et al., 2012). Many studies of the rela-
tionship between eruptive prominences (EPs), solar flares and CMEs (e.g.,
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Abstract. The subject of this paper is the existence and stability of solar cycles with
durations in the range of 20–250 years. Five types of data series are used: 1) the Zurich
series (1749–2009 AD), the mean annual International sunspot number Ri, 2) the Group
sunspot number series Rh (1610–1995 AD), 3) the simulated extended sunspot number
from Extended time series of Solar Activity Indices (ESAI) (1090–2002 AD), 4) the
simulated extended geomagnetic aa-index from ESAI (1099–2002 AD), 5) the Meudon
filament series (1919–1991 AD). Two principally independent methods of time series
analysis are used: the T-R periodogram analysis (both in standard and “scanning window”
regimes) and the wavelet-analysis. The obtained results are very similar. A strong cycle
with a mean duration of 55–60 years is found to exist in all series. On the other hand, a
strong and stable quasi 110–120 years and ∼200-year cycles are obtained in all of these
series except in the Ri one. The high importance of the long term solar activity dynamics
for the aims of solar dynamo modeling and predictions is especially noted.
Key words: solar activity; solar cycles; methods - indices, extended solar data series

Introduction

It is usually accepted that the length of the so called “secular” (centurial)
or Gleissberg solar cycle is about 7 or 8 Schwabe-Wolf’s sunspot cycles, i.e.
∼ 80-90 years. The corresponding oscillation has been detected by different
methods since the middle of 1940ies in the instrumental sunspot data series
(see e.g. Gleissberg, 1944; Vitinskii, 1973) and until present days (e.g. Kane,
2008). Using tree rings 14C data series (INTCAL93), Damon and Sonett
(1991), Peristykh and Damon (2003) found that ∼88 year solar cycle exists
and could be traced during the last 11–12000 years (post-glacial epoch,
Holocene). It has been also found in these studies that such quasi-centurial
oscillation is modulated by other longer bi-millennial 2000–2500 year cycle
(usually called “Hallstadtzeit”).

During the middle and the second half of the 20th century quasi-periodic
oscillations, which are comparable with the Glessberg’s sunspot cycle have
been established in many solar, geophysical, climatic, and other environ-
mental processes (see e.g. Schove 1955, 1983; Rubashev, 1963; Javaraiah et
al., 2005). On the other hand, it has been also found that in many cases
there is not a clear 80–90 year solar cycle (SC), but rather one or more
quasi-cyclic oscillations, which are slightly shorter or longer than the “clas-
sic” Gleissberg cycle. Still in the middle of 1950ies, Schove (1955) has found
that in the auroral activity during the last ∼2600 years there is not a sin-
gle 78 year cycle, but rater few oscillations with sub- and quasi-centurial
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Abstra
t. A study of a rare event of three su

essive prominen
e eruptions observed with

the Hα 
oronagraph at the National Astronomi
al Observatory (NAO) � Rozhen is pre-

sented. The eruptive prominen
e is situated in a
tive region NOAA 10904 and is asso
iated

with a narrow 
oronal mass eje
tion. The kinemati
s of the su

essive eruptions was analysed

and 
ompared. The obtained results suggest that the evolution of the eruptive prominen
e

and the kinemati
 parameters of its su

essive eruptions are 
onsistent with the so-
alled

�homologous� eruptive events on the Sun.

Key words: solar eruptive prominen
es

1. Introdu
tion

Solar prominen
es (or �laments, when observed on the disk) are formed and

maintained above the magneti
 polarity inversion line (PIL), in a magneti


stru
ture 
alled a �lament 
hannel, in whi
h the �lament 
an be supported by

the magneti
 �eld (see for review Martin, 1998). In terms of the magneti
 en-

vironment of the PILs, there are three essential 
ases of prominen
e formation:

(i) in weak magneti
 �elds at high latitudes (
alled polar 
rown prominen
es);

(ii) in a
tive regions (ARs), and (iii) at the borders of ARs or between two


losely situated ARs (e.g. Leroy, 1989 for review). The �nal stage of a promi-

nen
e is almost always an eruption (Filippov and Den, 2001) or in the 
ase of

a �lament, the so-
alled �disparition brusque� (Raadu et al., 1987; S
hmieder

et al., 2000), when the �lament faints away and disappears.

The relationship between eruptive prominen
es (EPs), large-s
ale eruptive

phenomena su
h as CMEs and �ares (Subramanian and Dere, 2001; S
hrijver

et al., 2008; Chandra et al., 2010; Yan et al., 2011), suggests that the three

eruptive events o

ur in the same large-s
ale 
oronal magneti
 �eld (e.g. Forbes,

2000; Li and Zhang, 2013). A three-part stru
ture of a bright loop (helmet

streamer), a dark 
avity, and a prominen
e 
ore often exists in the quiet 
orona

(e.g., Gibson et al., 2006). The 
avity is suggested to be the upper portion of

a heli
al �ux rope with 
ool �lament material suspended at its bottom (e.g.,

Low 1996, 2001). CMEs exhibit an equivalent three-part stru
ture: the bright


ore (EP), the dark 
avity and the leading edge (e.g., Illing and Hundhausen,

1986). Thus, a detailed study of the origin and evolution of EPs is essential

for a good understanding of their role in triggering CMEs (S
hmieder et al.,

2013), whi
h will lead to a good ability to fore
ast CMEs and asso
iated spa
e

weather.

Various studies indi
ate that prominen
es 
an erupt in many di�erent ways

depending on the prominen
e magneti
 environment at all levels of the solar at-

mosphere and the physi
al pro
esses o

urring there (e.g. Joshi and Srivastava,

2011 for reviews). Solar prominen
es exhibit a range of eruptive behaviours,

Bulgarian Astronomi
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ABSTRACT

We report observations of the flickering variability of the recurrent nova RS Oph at quiescence

on the basis of simultaneous observations in five bands (UBV RI ). RS Oph has a flickering

source with (U − B)0 = −0.62 ± 0.07, (B − V )0 = 0.15 ± 0.10 and (V − R)0 = 0.25 ±

0.05.

We find for the flickering source a temperature T fl ≈ 9500 ± 500 K, and luminosity Lfl ∼

50–150 L⊙ (using a distance of d = 1.6 kpc).

We also find that on a (U − B) versus (B − V ) diagram, the flickering of the symbiotic

stars differs from that of the cataclysmic variables. The possible source of the flickering is

discussed.

The data are available upon request from the authors.

Key words: binaries: symbiotic – stars: individual: RS Oph – novae, cataclysmic variables.

1 IN T RO D U C T I O N

In the symbiotic recurrent nova RS Ophiuchi (HD 162214), a near-

Chandrasekhar-mass white dwarf (WD) accretes material from a red

giant companion (e.g. Hachisu & Kato 2001; Sokoloski et al. 2006).

It experiences nova eruptions approximately every 20 yr (Evans

et al. 2008), with the most recent eruption having occurred on 2006

February 12 (Narumi et al. 2006). Fekel et al. (2000) found that RS

Oph has an orbital period of 455 d and give red giant and WD masses

of 2.3 M⊙ and close to 1.4 M⊙, respectively, with a separation of

a = 2.68 × 1013 cm between the components. For the range of

spectral types suggested (Worters et al. 2007) for the red giant in

the RS Oph system, its radius is smaller than its Roche lobe, and

accretion on to the WD may occur only from the red giant wind.

The flickering (stochastic light variations on time-scales of a few

minutes with an amplitude of a few × 0.1 mag) is a variability ob-

served in the three main types of binaries that contain WDs accreting

material from a companion mass-donor star: cataclysmic variables

(CVs), supersoft X-ray binaries and symbiotic stars (Sokoloski

2003). The flickering of RS Oph has been detected by Walker

(1977). The systematic searches for flickering variability in symbi-

otic stars and related objects (Dobrzycka, Kenyon & Milone 1996a;

Sokoloski, Bildsten & Ho 2001; Gromadzki et al. 2006) have shown

⋆Based on data from Bulgarian observatories Rozhen and Belogradchik.

†E-mail: rkz@astro.bas.bg (RKZ); sboeva@astro.bas.bg (SB); bachevr@

astro.bas.bg (RB)

that among ∼200 symbiotic stars known, only nine present flicker-

ing – RS Oph, T CrB, MWC 560, Z And, V2116 Oph, CH Cyg, RT

Cru, o Cet and V407 Cyg.

Here, we investigate the flickering variability of RS Oph in the

UBVRI bands and discuss its possible origin.

2 O BSERVATIO NS

On the night of 2008 July 6, we observed RS Oph simultaneously

with four telescopes equipped with CCD cameras. The 2-m RCC

telescope of the National Astronomical Observatory (NAO) Rozhen

equipped with a dual channel focal reducer was observed in U and

V bands. In the U band, a Photometrics CCD (1024 × 1024 pixels,

field of view of 4.9 × 4.9 arcmin2) has been used, and in the V band a

VersArray 1330B CCD (1340 × 1300 pixels, field of view of 6.3 ×

6.3 arcmin2). The 60 cm Rozhen telescope was observed in the

R band (equipped with an FLI PL09000 CCD with 3056 ×

3056 pixels and field of view of 5.7 × 5.7 arcmin2), the 50/70

cm Schmidt telescope of NAO Rozhen in the B band (SBIG

STL11000M CCD, 4008 × 2672 pixels and field of view of 16

× 24 arcmin2) and the 60 cm telescope of the Belogradchick As-

tronomical Observatory in the I band (SBIG ST8 CCD, 1530 ×

1020 pixels and field of view of 6.4 × 4.2 arcmin2).

On the night of 2009 July 21, we observed RS Oph simultane-

ously with three telescopes. The 50/70 cm Schmidt telescope was

observed in the U band, the 60 cm Rozhen telescope in repeating B

C© 2010 The Authors. Journal compilation C© 2010 RAS
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TECHNIQUE FOR TRACKING AND VISUALIZATION OF 

MOTION IN SEQUENCE OF IMAGES OF THE SOLAR CORONA 

PETYA PAVLOVA1,2 and KOSTADINKA KOLEVA3

1Technical University Sofia, branch Plovdiv, 
2Institute of solid state physics – Bulgarian Academy of Sciences 

e-mail: p_pavlova@gbg.bg 
3Institute of astronomy, Bulgarian Academy of Sciences, Bulgaria 

e-mail: koleva@astro.bas.bg 

Abstract. The material represents specialized methodology for tracking and visualization 

of the motions in sequence of pictures of the solar corona. The performance includes: 

1. Preliminary processing of each frame: initial analysis and elimination of atmospheric 

scattering of light, image improvement using Gaussian filtering and a sharpen filtering 

for emphasizing of the contours; 

2. Processing to the series: clipping the area from the currently processed frame, 

alignment of the clipping area with the same area in the initial frame, forming an image 

from the maximal brightness for each pixel of each picture of the sequence, calculation 

of the time-spatial gradient, determining of the direction of gradient changes and visu-

alization of the motion by transfer to saturation and colour hue for each pixel. 

This technique is used for development of a special computer program working with 

pictures in FITS and JPG graphic formats.  

The results from testing the technique on the sequences of images from solar corona-

graph of NAO Rozhen are shown. 

1. INTRODUCTION 

The term Solar prominences (SP) is used to describe a variety of objects, ranging 

from relatively stable structures with lifetimes of many months, to transient phe-

nomena that last hours or less. Most commonly they are observed at the solar limb 

in the time of total solar eclipses or through solar telescope – coronagraph. The 

prominences are wonderful demonstration of that part of the local magnetic fields 

that affect to our life penetrating by the earth atmosphere. The form and move-

ment of prominences trace the configuration and evolution of the local magnetic 

fields. During its evolution the prominences could be disturbed by external factors 

that affect on the plasma movement. These disturbances varied from temporal ac-



Optimization of a motion tracking and mapping
method based on images of the solar corona
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Abstract. The study presents the current stage of development and application of a
motion tracking and mapping method, based on solar corona images. The object of dis-
cussion is the problem of image processing during the extraction of features of interest
in the sequence of solar prominences images. At first the method requires calculating
techniques that ensure processing time-period commensurable with the time-period of
the fastest developing part of the prominence body. That defines the necessity of op-
timization of the basic algorithms. The paper describes results of test procedures on
accepted approaches for reducing the operation time by parallel processing of the im-
ages. The method also requires presentation of the lightness information independently
of the sensor of particular coronagraph and image file format. This investigation proposes
two techniques for achievement the identity of images from different instruments/sensors.
Key words: image processing; solar images; parralel programming; image exchange

Introduction

The method for motion tracking and mapping, based on solar corona im-
ages (Pavlova, Koleva, 2008; Pavlova et al., 2010) proposes an ability for
modeling the dynamical changes in solar prominences during its evolution.
However, to obtain a correct model for image processing we have to ensure
an optimal accuracy and reliability of the extracted features, fixed as 2D
compass directions of layers. The test has been conducted on sequences of
images that include several elements - an artificial moon visible as a black
half circle, the solar corona with bright prominences above the moon and
near them - background of a shining Earth atmosphere. A correction for
Earth rotation was also applied, using some static elements in the images
as a reference.

Since the object of interest are only the moving prominences’ parts, the
background shining was removed before the main process of the compass di-
rections extraction. The method supposes a usage of calculating techniques
that ensure at first - an optimal time-period for image sequences process-
ing commensurable with the time period of the fastest developing parts of
the prominence (several minutes), and second - a presentation of the light-
ness information independent from the sensor of particular coronagraph and
image file format.

For this purpose all the processing is executed by specially developed
software. We used images from two different instruments - Small Coron-
agraph (130/3450 mm) at the Astronomical Institute of Wroclaw Univer-
sity, Poland and 15-cm Lio-coronagraph mounted at NAO Rozhen. The
sequences were registered with Hα filter. All filtegrams from Wroclaw coro-
nagraph were degitized with the automatic Joyce-Loebl microdensitometer
at National Astronomical Observatory Rozhen, Bulgaria to fits format files.
The images from NAO were obtained with digital camera Canon EOS 305D
(8Mpxs) in jpg file format.

Bulgarian Astronomical Journal 24, 2016
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MULTI-WAVELENGTH OBSERVATIONS OF AN
ERUPTIVE PROMINENCE ON 7 AUGUST 2010

MOMCHIL DECHEV, KOSTADINKA KOLEVA, PETER DUCHLEV
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Abstract. We aim to investigate the morphology and kinematic evolution of a helically-

twisted quiescent prominence. The kinematic pattern during the main stages of prominence

eruption were studied, using data from both ground-based and space born observatories. The

prominence environment and related activity was also considered.

1. INTRODUCTION

The observations show that the eruptive phenomena, such as prominence/filament
eruptions, coronal mass ejections (CMEs) and flares are often physically related to
each other by the same magnetic flux rope (MFR) occurring in the solar atmosphere
(e.g., Gilbert et al. 2000; Gopalswamy et al. 2003; Schrijver et al. 2008; Filippov
and Koutchmy 2008). This relation is better expressed between eruptive prominences
(EPs) and CMEs. Being one of the earliest known forms of mass ejections from the
Sun, EPs started to receive attention in the late 1800s (see Tandberg-Hanssen 1995).
Coronagraph observations reveal that CMEs generally have a three-part structure: a
bright leading front, a dark cavity, and an inner bright core (e.g. Illing and Hund-
hausen 1983; Chen et al. 2011). The cavity is usually believed to be a helical flux
rope (e.g., Gibson et al. 2006; Riley et al. 2008) and the bright core is thought to be
cool prominence/filament matter that is suspended in magnetic dips of a flux rope
configuration (e.g., Guo et al. 2010; Jing et al. 2010).

The aforementioned specific physical relationship between EPs and CMEs suggests
that the study of the EPs can provide critical clues not only to the prominence
activity, but also to the physics of CMEs. Moreover, their study has indicated that
the triggering mechanism is related to an unstable MFR (Rubio da Costa et al.
2012 for a review). The observations indicate that the temporal evolution of these
phenomena and especially the role played by prominence activation and eruption can
be significantly different from event to event (e.g. Sterling and Moore 2005; Wang et
al. 2007; Liu et al. 2009; Zuccarello et al. 2009). Therefore, a detailed examination
of the kinematic patterns of EP and its triggering mechanism may advance our ability
to predict the launch of CME, will the CME be fast or slow etc. Such prediction is
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METHOD FOR TRACKING AND MAPPING A MOTION BASED 
ON IMAGES OF THE SOLAR CORONA 

 
PETYA PAVLOVA1, ELENA DUNCHEVA1, KOSTADINKA KOLEVA 2 
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Abstract. This work continues our investigations on possibilities of presentation the time 
development of eruptive solar protuberance and related magnetic field. The aim of this 
work is mapping the direction of movement of different layers of protuberance. The map 
construction is based on compass directions dividing them to 8 possible – North, South, 
West, East, North-West, North-East, South-West, South-East. The tests in this investigation 
are carried on sequences of images obtained from 15 cm Lio coronagraph-telescope of 
NAO Rozhen, used for observation of protuberance of low solar corona. 

 
1. INTRODUCTION 

 
 This work continues the investigations on possibilities of presentation the time 

development of eruptive solar prominence and related magnetic field described in 
“Technique for tracking and visualization of motion in sequence of images of the 
solar corona”.  

The aim of the work is mapping the direction of movement of different layers 
of prominence and tracking its positions in the sequence of images. 

The movement produces any displacement that follows some direction. The 
direction shows possible changes in different layers of prominence and its 
estimation gives information about the magnetic field behavior.  There are two 
questions of interest:  

x Available inhomogeneous is the whole prominence from the point of 
view of dynamics of eruption?  

x What are directions of movement available in prominence? 
 A simple technique that uses spatial gradients, gives a possibility to estimate 

the directions in angular interval. The differences between positions of layers 
could be obtained using sequences of computer images of prominence. Pixel based 
image processing [3] calculates the time-spatial gradient on the area of four 
neighbor pixels with same positions into sequenced frames [1]. The ratio between 
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PROMINENCE ERUPTION ON 22 AUGUST 2006 OBSERVED 

WITH THE HD CORONAGRAPH IN NAO ROZHEN  
 

N. PETROV, P. DUCHLEV, K. KOLEVA, M. DECHEV 

 

Institute of Astronomy, Bulgarian Academy of Sciences 

 

Abstract. An eruptive prominence (EP) on 22 August 2006 was observed with the 

H. coronagraph in the National Astronomical Observatory (NAO) – Rozhen, 

Bulgaria. The kinematic pattern of the EP was studied and the basic parameters of 

its eruption were determined. The associations of the EP with the filament oh the 

solar disc and solar radio events are presented. 

 

 

1. BACKGROUND 

 

The EP occurred at the southwestern solar limb (S16° W) between 04:28 UT 

and 11:00 UT. The eruptive event presents seven successive eruptions during that 

time interval (Table 1). Each eruption, after first one, reaches smaller maximum 

height than previous one. The eruptions run at an angle of 45° about the limb and 

show two distinctive phases: rising phase and post-eruptive phase, when the 

prominence plasma flow back to the chromosphere by the same trajectory (Fig.1). 

The eruptions are associated with a filament located at the western end of an 

active region NOAA 10904 at approximately the same place. The EP is associated 

with some activity events in solar radio emissions at 164 MHz (Nancay 

Radioheliograph) and 17 GHz (Nobeyama Radioheliograph). 
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KINEMATICS OF A LOOP-LIKE ERUPTIVE PROMINENCE AS 

OBSERVED BY AIA/SDO 
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Abstract. We examined the kinematic and helicity pattern, as well as the morphological 

and geometrical evolution of an EP on 2010 March 30. We used the He II 304 A 

AIA/SDO and EUVI/STEREO B observations. The unique combination of high-resolution 

limb observations of the EP in AIA and a central meridian position in EUVI permitted a 

view from significantly different perspectives and detailed analysis of the prominence 

eruption. The eruption process consists of prominence activation, acceleration, and a phase 

of constant velocity. The prominence body was composed of left-hand twisted threads 

around the main prominence axis. The twist during the eruption was estimated at 3 turns (6 

pi). The prominence reformed in the same place two days after its eruption. The same sign 

of the prominence body twist and writhe, as well as the amount of twisting above the 

critical value of 2pi after the activation phase indicate that the conditions for kink 

instability were present. The fact that the erupted filament re-formed at the same place two 

days after the eruption implies a confined type of eruption.  

 

 

1. INTRODUCTION 

 

Prominence eruptions are large-scale eruptive phenomena, which occur in the 

low solar atmosphere. Eruptive prominences (EP), in contrast to active ones, could 

be defined as prominences in which all or some of the prominence material 

appears to escape the solar gravitational field (Gilbert et al., 2000). Gilbert et al. 

(2007) summarize three types of prominence eruptions: a full eruption, when all of 

the material is expelled; a partial, when only a part of the mass erupts; or a failed 

eruption, if the material resettles or falls back to the surface. The observations 

show that prominence/filament activations include a wide range of eruptive-like 

dynamic activity, from the full eruption (Plunkett et al., 2000) through partial 

eruption (Zhou et al. 2006; Liu et al., 2008) to failed eruption. Several studies 
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AN ACTIVITY PATTERN OF AR NOAA 9026 

DURING THE LAST HALF OF ITS EVOLUTION 
 

K. Koleva, P. Duchlev, J. Kokotanekova and M. Dechev, 

 

Institute of Astronomy, Bulgarian Academy of Sciences, Bulgaria 

 
 Abstract:  

 We have studied the evolution of active region NOAA 9026 by processing 

and analysis of white-light images and H. filtergrams obtained in Astronomical 

Institute in Wroclaw (Poland). For determination of the full picture of activity 

events during the active region evolution the data from BBSO, GOES and Palma 

Reports were used. The sunspot evolution, filament and flare activities were 

summarized. The analysis of LASCO and EIT (SoHO) data suggests possible 

interrelations between associated with active region coronal mass ejections and 

filament eruption, as well as some X-flares in this region. 

 

 Introduction 

The active region (AR) NOAA 9026 was observed on the solar disk 

from 02 to 12 June 2000. For the first time during this solar cycle, the Sun 

display a spectacular fireworks of many flares going off in close succession 

from one and the same active region.  

The AR 9026 was observed in Wroclaw Astronomical Institute 

(Poland) from June 7, 2000 when it was located near the central meridian, to 

June 11, 2000. The registrations in white light and H-alpha were made. The 

observational data was processed with the Joyce Loeble microdencitometer 

in NAO Rozhen (Bulgaria). 

For more detailed study of the active region evolution from its first 

appearance to its decay the BBSO Solar Activity Reports, GOES event list, 

and Palma Reports data were used. 

Our aim was obtain a full picture of activity events, as well as some 

possible interrelations between them during the evolution of AR NOAA 

9026. 

 

 Sunspot evolution: 

The AR 9026 was observed for the first time at the E-limb on June 2, 

2000. Its location was near N19E75. At the moment of its appearance the 

AR was observed as two well shaped sunspots with distinct penumbra. The 
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Abstra
t. We report high resolution (λ/∆λ ∼ 48000) spe
tral observations of the yellow
symbioti
 star V417 Cen obtained in 2004. We �nd that the equivalent widths of the emission

lines de
reased, while the brightness in
reased. The FWHMs and wavelengths of the emission

lines do not 
hange.

We estimated the interstellar extin
tion towards V417 Cen as EB−V = 0.95 ±0.10, using
the KI interstellar line.

Using the [O III℄ lines, we obtain a rough estimation of the density and the temperature

in the forbidden lines region logNe ≈ 4.5±0.5 and Te = 100000±25000 K. Tidal intera
tion

in this binary is also dis
ussed.

Key words: stars: individual: V417 Cen � binaries: symbioti


Introdu
tion

Symbioti
 stars (SSs) are thought to 
omprise a 
ompa
t obje
t (usually a

white dwarf) a

reting from a 
ool giant. They o�er a laboratory in whi
h

to study su
h pro
esses as (1) mass loss from 
ool giants and the formation

of nebulae, (2) a

retion onto 
ompa
t obje
ts, radiative transfer in gaseous

nebulae, (3) jets and out�ows (i.e. Corradi, Mikolajewska & Mahoney 2003).

V417 Centauri (HV 6516, Hen 3-977) is a poorly studied D'-type (yellow)

symbioti
 system surrounded by a faint asymmetri
 nebula. The symbioti
 na-

ture of the obje
t was proposed by Steiner, Cieslinski & Jablonski (1988). The


ool 
omponent is a G2 Ib-II star, with log(L/L⊙) = 3.5 and Teff = 5000 K

(van Win
kel et al. 1994). Pereira, Cunha & Smith (2003) found atmospheri


parameters Teff = 6000, log g = 3.0, and spe
tral type F9 III/IV.

The binary period is not de�ned. VanWin
kel et al. (1994) found a 245.68 day

periodi
ity with an amplitude of 0.5 mag using Harvard and Sonneberg plates.

Gromadzki et al. (2011) using opti
al photometri
 observations 
overing 20

years dete
ted strong long term modulation with a period of about 1700 days

and amplitude about 1.5 mag in V-band, in addition to variations with shorter

time-s
ales and lower amplitudes. However, the long period seems to be non-


oherent and the nature of light variations and the length of the orbital period

remain unknown.
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Abstract  

We present analysis of three cases of filament eruptions (FEs) that occurred on 04 Aug 
2011, 09 Nov 2011 and 05 Apr 2012 and their associations with flares as sources of solar 
energetic particles (SEPs) and coronal mass ejections. The associated FEs and SEP-related 
solar flares were selected by simultaneous observations in X-ray, EUV and radio 
wavelengths. 

Introduction 

The aim of this work is to investigate the various pre- and eruptive signatures that were 
observed during three complex events, including filament eruptions (FEs), solar energetic 
particles (SEPs) related solar flares, coronal waves (CWs) and coronal mass ejections 
(CMEs). We focus on the filament helical morphology and kinematic evolution (heights, 
velocities, accelerations) in order to determine their eruption mechanisms and the rate of their 
connections with the associated flares, CMEs and SEPs, as well. 

Data 

We used data from AIA/SDO (Lemen, et al. 2012) in He II 304 Å channel to study the 
eruptions kinematics. 

The analyzed events were observed in hard X-ray (HXR), extreme ultraviolet (EUV) and 
radio wavelengths, and had associated SEP fluxes observed at 1 AU. 

We used data from RHESSI (Lin et al. 2002) to trace the flare properties in HXRs. 
High-energy particles related to the studied events are analyzed in different energy 

channels using proton data from SoHO/ERNE instrument (Torsti et al. 1995) and electron 
data from ACE/EPAM DE (Gold et al. 1998).  

In order to search for a possible association with CMEs, data from SoHO/LASCO CME 
catalog (https://cdaw.gsfc.nasa.gov/CME_list/) and STEREO (Wuelser et al. 2004) were also 
used. 

Results 

a) The event from 4 Aug 2011: 
The filament eruption was observed on 4 Aug 2011 close to the AR 11261 with 

heliographic coordinates N16W51. The eruption started at about 03:30 UT in the AIA field-
of-view (FOV) and lasted about 5h. It was an asymmetric full type eruption with well 
pronounced twist. Its evolution is shown in base-difference images in Figure 1 (a). 

The eruption clearly showed two evolution phases: The initial phase lasted about 44 min. 
During this phase the velocity rose from 10.4 km/s to 49.4 km/s with a constant acceleration 
of 23.2 m/s2. During the second phase the filament rose with a constant velocity of about v = 
65.1 km/s. The height-time profile of prominence evolution and eruption velocities and  
acceleration are shown in Figure 1 (b). 
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In this report we present analysis of well-observed electromagnetic signatures related to solar energetic particles

(SEPs). We selected cases with simultaneous observations in hard X-ray, EUV and radio wavelengths of the SEP-

related solar flares and analyzed the properties of the emission (light curves, spectrum and temporal evolution).

The non-thermal potential of solar flares is tested in terms of correlation studies between the particle intensities

(protons and electrons) and the flare flux at various wavelengths. The results are compared with the outcomes when

using GOES soft X-ray flare class. The solar origin of SEP events in terms of solar flares is discussed.
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Abstract.  

We present two prominence/filament eruptions (FEs) that belong to the class of rarely 

reported eruptions of two near-by flux ropes (FRs) of the same filament. The FRs (FR1 and 

FR2) of the FE on 2014 May 4 with the same helicity, i.e. left- handed twist and writhe, 

interact during the eruption. Their kinematics indicate a slow successful eruption of FR1 

associated with a slow coronal mass ejections (CME) and a failed kinked FR2 eruption with a 

strong non-radial propagation followed by its reformation. The second FE on 2014 March 14 

is composed by both hot, bright flux rope (BFR) and cool massive flux ropes (MFR) that 

underwent merging followed by splitting during the eruption. This FE produced a partial-halo 

CME with a bi-component bright core and an impulsive flare and post-flare loop arcade, as 

well. The comparative analyses of two eruptive prominences (EPs) suggest that the character 

of FR's interaction in each of them play a crucial role for both the driver of eruption (kink or 

torus instability) and the type of eruption - failed, partial or successful. 

Introduction 

Magnetic flux rope (FR) eruptions in the solar atmosphere play a key role in eruptive 

activities of the Sun, such as filament eruptions, CMEs, and flares. Prominences/filaments 

occur frequently as major precursors of coronal mass ejections (CMEs) as indicated by the 

observed close association between their eruptions and CMEs [Munro R.H. et al., 1979, Webb 

D. F. and Hundhausen A. J., 1987]. Several basic mechanisms that can disrupt the FRs 

include both ideal processes such as helical kink instability and torus instability of twisted 

coronal FRs and the non-ideal (resistive) process of the fast magnetic reconnections in current 

sheets [Aulanier G., 2013, for a review]. 

It is known that two adjacent filaments sometimes approach each other and interact. 

There are four fundamental types of interaction: bounce, merge, slingshot, and tunnel [Jiang 

Y. et al., 2013, Joshi, N. C. et al., 2016]. The interacting filaments studies can contribute for 

verifying different filament models and for better understanding the coronal magnetic field 

structures and their dynamics, as well. However, such observational reports are still rare. 

There are cases, when both branches belonging to a single filament FR are separated later 

that results into two ropes with the same handedness. According to previous observations and 

simulations, such splitting often occurs during the eruption or, in some cases, just before the 

filament eruption (FE) [Liu, R. et al., 2012, Kliem B. et al., 2014, for a review]. Such cases are 

very rarely reported. 

The aim of this work is the comparison of two eruptive prominences (EP) that belongs to 

afore-mentioned last class of very rarely reported eruptions. The FRs (FR1 and FR2) of the 

first EP on 2014 May 4 with the same helicity interact during the eruption. The FR1 presents 

a slow successful eruption associated with a slow CME and the FR2 underwent a failed 

kinked eruption with a strong non-radial propagation followed by its reformation [Dechev M. 

et al., 2018a]. The second EP on 2014 March 14 is composed by both hot, bright flux rope 

(BFR) and cool massive flux ropes (MFR) that underwent merging followed by its splitting 

during the eruption. This EP produces a partial-halo CME with a bi-component bright core 

and an impulsive flare and post-flare loop arcade, as well [Dechev M. et al., 2018b]. 
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Introduction 

Helical structures have been observed in many active prominences 

on the Sun. These structures can be roughly divided in two classes: internal 

(or microscopic) and external (or macroscopic). In the case of internal twist 

two or more fine threads with different helix radii are observed within the 

body of the prominence tube. In the second case, the whole body of a 

prominence tube shows helical twist or two or more tubes are intertwined in 

a rope-like structure. 

Observation of twisted prominences have been reported by Jockers 

and Engvold [1], Rompolt [2], Wang [3], Vrsnak et al. [4] and Vrsnak et al. 

[5]. 

Twisted, helical-like patterns are more frequent in active region 

prominences. All these configurations can be represented by an axial current 

and so are equivalent to a simple twisted magnetic flux tube. 

In the eruption phase, the morphology of a prominence often 

changes dynamically. In the late phases of the eruption usually a rather 

simple arch remains, frequently exposing helical-like structure. Such a 

behavior is described in Tandberg-Hanssen [6] and Vrsnak et al. [7]. 

A more detailed classification of the prominences exposing helical-

like structures is made in Vrasnak et al. [5]. The authors described four main 

classes (Figure 1):  
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 Abstract:  

 The kinematics and dynamics of eruptions of three prominences was studied. 

The properties of their dependence of the height on time, as well as of horizontal 

expansion on time during the eruption was analyzed and compared. 

 

 1. Introduction 

The eruption process of the prominences develops in two main phases. In 

the first pre-eruptive phase, the prominence slowly rises with approximately 

constant velocity of several km/s (Rompolt, 1990). At some critical height the 

prominence erupts and a large part of its material is lifted into the corona and 

into the planetary space. The velocity of the ejected prominence ranges from 

several km/s at the beginning phase of the eruption to several hundreds km/s at 

the late phase of the eruption (Rompolt, 1990). 

Besides the eruption in the vertical direction, some eruptive prominences 

(EPs) exhibit expansion in the horizontal direction. Most of them show constant 

velocity (Rompolt, 1984; Rudawy et al., 1994). The velocities of the horizontal 

expansion are in the range from 15 to 80 km/s (Rompolt, 1998). 

According to Vršnak’s classification (Vršnak, 1998), there are three 

classes of EPs in dependence of the fine structure of the eruptive phase. Class A 

when the prominence material often remains constant after the initial 

acceleration. Class B when after the acceleration and the constant velocity 

follow deceleration of the EP material. Class C when the initial acceleration of 

the EP continues up to the prominence disappearing in HD. 

There are two basic types of EPs according to Rompolt’s classification 

(Rompolt, 1990). Both types EPs are embedded in the lower part of huge 

magnetic system (HMS). The EPs of type I have shape of a large arch at the 

bottom of the HMS that rising up into the corona during the eruption. The EPs 














