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Abstract. The kinetic pattern of the post-eruptive phase of the quiescent prominence
which erupted on 8 May, 1979, was studied. The eruption of the helically-twisted polar
prominence originated in the southern leg of the huge magnetic system (HMS) that later
produces a coronal mass ejection (CME). The kinetic evolution of the post-eruptive process
was estimated by time profiles of the heights of the two main flux ropes (FRs), composing
the body of the eruptive prominence (EP) and the horizontal expansion between the main
FRs feet. The inflow velocity of the prominence plasma back to the chromosphere increased

with constant acceleration of 76 m/s? and it reached a value of up to 200 km/s. The
horizontal expansion between the main FRs feet of the EP increased with an average
constant velocity of 12 km/s in first order approximation, but in fact it has changed non-
linearly. The obtained results were discussed as indicative ones for the kinetics and evolution
of the magnetic field at the bottom of the erupting HMS.

Key words: Prominences, Eruptions, Coronal Mass Ejections, Magnetic fields

KuneTuka Ha mocT-epynTuBHaTa das3a
Ha epynTHUBEH mpoTybepaHc ot 8 maii 1979 r.

I1. Jdyxnes, M. JTeues, K. Konesa, 1. Kokoranekosa, B. Pomnourt, IT. Pynasn

W3cnenBana 6e KnHeTHYHATA KAPTHHA HA IIOCT-ePYIITHBHATA (a3a Ha CIIOKOEH IPOTybepaHc,
epynrupas Ha 8 Mait 1979 r. Epynmusara Ha cnupaIHo yCyKaH MOJIspeH TPOTyOepaHC Bb3HUK-
Ba B I0KHUSI ,KPaK~ Ha OTPOMHA MAarHUTHA CUCTEMA, KOSITO IMO-K'bCHO MMPOM3BEK /1 N3XBbPJIs-
He Ha KOpOHAJIHA Maca. KuHeTndHaTa €BOJIIONHUS Ha MMOCT-ePYITUBHUS IPOIeC Oe OIeHeHa
upe3 BpeMeBHTe NPOMUIM Ha BHCOUYMHHTE HA JBETe€ OCHOBHM MarHuTHH Bbxkera (MB),
CbCTaBSIIIM TSUIOTO Ha epynTusHus nporytepasc (EIT) n Xopu3oHTanHOTO H3MecTBaHe MeXK-
ay crernkure” Ha MB. CrkopocTTa Ha BTrYaHe Ha IpoTybepaHCcoBaTa IjIa3Ma 0OPaTHO K'bM
xpomocdepara HapacTBa ¢ MOCTOAHHO YCKOpeHue OT 76 M/ ¢? u pocrura croitrocTu 1o 200
KM /c. XOpM30HTAIHOTO U3MECTBAHE MEXK Y ,cTbikuTe” Ha ocaoBHuTe MB ma EIl napactsa
CPEJIHO C ITOCTOSIHHA CKOPOCT OT 12 KM/C, HO B JIEfiCTBUTEJHOCT TO Ce U3MEHsI HEeJIMHEITHO.
[TosryuenuTte pesynraru ca IUCKYTHUPAHU KATO MOKA3ATE/HU 32 KWHETUKATA, W €BOJIIOIAATA
Ha MArHUTHOTO TI0JIE€ B JTbHOTO HA €PYNTHUPAIATa OrPOMHA MATHUTHA, CUCTEMA.

Introduction

Both quiescent and active region solar prominences (filaments, when they are
observed against the solar disk) often undergo more or less violent activation
during their lifetime. The activation can lead to eruption that results in
complete disappearance of the prominence in few hours (a phenomenon is
referred as ”disparition brusquie” (DB) in the case of a filament). In some
cases, the prominence reforms after eruption in the same place and nearly in
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the same shape a few hours or days later (Foukal, [1990]). That is known as
a temporary DB in the case of a filament.

The eruptive prominences (EPs) are frequently associated spatially and
temporally with CMEs and solar flares (Gopalswamy et al, [2003]; Filippov
and Koutchmy, [2007]; Schrijver et al., [2008]; Yashiro et al, [2008]), forming
complex phenomena generally occurring in the destabilized or even violently
evolving huge magnetic systems (HMS) (Rompolt, [1984]). In white-light ob-
servations, CMEs often exhibit a three-part morphology, consisting of a rel-
atively bright rim (leading edge of the plasma bubble) encircling a relatively
dark cavity, which often, but not always, contains a bright core presumed
to be a white-light counterpart of the EP (Munro et al., [1979]; House et
al., [1981]; Illing and Hundhausen, [1985] and [1986]). The EP could also be
recorded on images taken in hydrogen Hea light as a bright structure mov-
ing outwards within the expanding dark cavity. An universal model of the
CME eruptions, describing all characteristics and processes, does not exists
jet (Ugarte-Urra, [2007]), while the most widely accepted are magnetic break-
out (Antiochos et al., [1999]; Lynch et al., [2004]), tether-cutting (Moore and
LaBonte, [1980]; Sturrock, [1989]) and flux rope (Lin et al., [2001]; Amari et
al., [2004]; T6rok and Kliem [2005]) models. In particular, the flux rope model
describes well the CMEs with classic three-part structure (Forbes, [2000];
Chen et al., [2006], and references therein), where the CME and the asso-
ciated EP could be treated as different parts of a flux rope with specific
geometrical relationships among the CME, EP, and flux rope itself (referred
together as the CME-EP-MFR system). An eruption of a preexisting mag-
netic flux rope (MFR) formed in the corona is a natural consequence of the
conservation of magnetic helicity (Low, [1994]).

On the basis of detailed investigations of the geometry, characteristic
features of the expansion and locations on the limb of white-light transients
and EPs, observed in Ha, Rompolt ( [1984], [1990]) defined two basic types of
EPs associated with CMEs. Both types EPs are embedded in the lower part
of a HMS that contains the EP and the associated CME. The EPs of type I
are located in magnetic arch in the lower part of a HMS. A large magnetic
arch of EPs of this type is fully filled by a cool and dense Ha-material and
during the HMS eruption these EPs are seen in the shape of large, raising
arches. The EPs of type II are located in one leg of a magnetic arch in the
lower part of a HMS. The EPs of this type look as if there is not enough
of the cool and dense material in the remaining part of the HMS arch to
become visible in Ha. So, during the eruption, the EPs of type II changed
the inclination of their main body from being roughly parallel to the limb
at the beginning of the eruption up to being perpendicular to it in the late
phase of the eruption. Similar to the EP of type I, the body of the EP of
type II consists of intertwisted and intertwined thin threads or flux-ropes, in
context of MFR hypothesis. One of the essential differences between these
two types EPs is that the EPs of type II show distinct post-eruptive phase
when the prominence plasma flows back to the chromosphere up to the full
prominence disappearing in He.

EUV and coronagraph Ha images of some quiescent and many EPs con-
tain twisted plasma structures (Vrsnak, Ruzdjak and Rompolt, [1991]; Vrsnak
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et al., [1993]1993; Martens [1998]; Dere et al. [1999]; Chen et al., [2000]) that
are especially well exposed in the prominence legs. In the eruption phase,
the morphology of EPs often changes dynamically and can be very intricate
(Rompolt, [1975], [1990]; Schrijver et al., [2008]), but in the course of a erup-
tion the internal structure of the prominence gradually transforms from a
complicated structure into a simpler one, frequently remaining helical-like
twisted (Rusin and Rybansky, [1982]; Rompolt, [1990], Karpen et al., [2003]
and references therein). In this paper, we present results from a detail study
of the kinetic pattern of the post-eruptive phase of a type II EP of 8 May
1979, associated with CME.

1 Eruptive prominence on 8 May 1979

1.1 General description

The investigated EP was initially a quiescent prominence seen on the disk as
a polar filament spread approximately between 48°S and 61° S in latitude and
between 243° and 305° in longitude. On 8 May 1979, the prominence crossed
the western solar limb at S53° at the angle of 70°, so it was seen almost in
edge-on position (see Fig. 3). It was a long-lived filament with lifetime of
10 solar rotations, lay along C-type magnetic neutral line and according to
Leroy, [1989] it has inverse configuration of the magnetic field.

Fig. 1. A sequence of Ha filtergrams presenting the whole evolution of the type II eruptive
prominence of 8 May, 1979. The prominence reached maximum projected height of about
320 000 km above the solar limb at 10:23 UT

On 8 May 1979, the prominence was visible as a quiescent one between
06:53 UT and 07:05 UT. Between 07:05 UT and 08:10 UT, the activation of
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10:21 UT

10:37 UT

1043 UT

Fig. 2. A sequence of the Ha filtergrams presenting in detail the evolution of the post-
eruptive phase of the EP between 10:21 UT and 11:07 UT on 8 May 1979

the prominence was observed. The eruption of the prominence was registered
at 08:10 UT for the first time but apparently it started to raise much earlier,
before 08:10 UT. At the beginning of the observed eruptive phase, between
08:10 UT and 08:49 UT, the prominence rose slowly and gradually build
morphology. After 08:49 UT, its raising become very fast and the prominence
reached maximum height of about 320 000 km above the solar limb at 10:23
UT. The post-eruptive phase of the prominence’s evolution lasted between
10:21 UT and 11:07 UT (see Fig. 2), when the prominence considerably faded
out and most of its material fell back to the chromosphere. The prominence’s
southern leg (left in the Fig. 1) was visible up to the chromosphere during
the whole eruption at S58° W.

The eruption of the filament was associated with slow CME of 8 May
1979 (Michels et al., [1980]). The CME occupied the region from S15° W
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Fig. 3. Meudon synoptic map of the solar chromosphere for the Carrington rotation 1681
with overplotted projection of the solar limb (thin line pointed out by small arrow). The
type II eruption of the prominence was seen at S53° on 8 May, 1979

to S60° W and its center of symmetry was located at S30° W. During the
eruption, the EP was embedded in the southern leg of the CME big bubble
(Fig. 4).

1.2 Eruption of the prominence

The EP of 8 May 1979 was a classical example of the eruptive prominence of
type II according to Rompolt ( [1984], [1990]). The EP’s body was frozen into
the associated HMS/MFR system that changed in the course of the eruption.
The general kinetic pattern of the EP’s evolution is presented on the height-
time diagram (see Fig. 5), where two main phases in the evolution: eruptive
and post-eruptive are clearly distinguishable.

The vertical rise of the prominence consisted of three distinct dynamical
stages: acceleration, constant velocity and deceleration, thus, in accordance
with kinetic classification of Vrsnak ( [1998]) the prominence was of type C.
The acceleration stage lasted for 66 minutes, from 08:10 UT up to 09:16 UT.
During this stage, the prominence underwent a constant acceleration of 15
m/s? (estimated using second-degree polynomial fit of the observed heights)
and it reached a projected height of 170 000 km above the solar limb.

After the acceleration phase, from 09:16 UT up to 10:03 UT, the promi-
nence raised with constant projected vertical velocity of 42 km /s and reached
the projected height of 300 000 km above the limb. Next, the EP decelerated
gradually with negative acceleration of 33 m/s? (acceleration, estimated us-
ing second-degree polynomial fit of the observed heights). At 10:23 UT, the
EP reached the maximum projected height of 320 000 km and after that the
most of prominence’s plasma flowed back to the chromosphere.
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Fig. 4. A sequence of SOLWIND coronagraph images showing the detailed evolution of the
8 May 1979 transient (CME) relative to the pre-transient corona at 08:52 UT (Sheeley et
al. [1980))

Before the eruption, the prominence’s body consisted of two twisted flux
ropes (FRs) each of them consisted of numerous twisted small thin magnetic
FRs, containing the prominence plasma. During the eruption, the visible
inclination of the EPs changed from being roughly parallel to the limb at the
beginning of the eruption up to being nearly perpendicular to the limb in the
late stage of the eruption (see Fig. 1). The filtergrams taken after 09:51 UT
showed that in the course of the eruption the main FRs untwisted and at
10:19 UT, just before the EP reached the maximum projected height and its
body was nearly perpendicular to the limb, the main FRs were completely
untwisted. Later on, after 10:30 UT, the feet of the FRs showed apparent
horizontal expansion, moving away from each other up to the end of eruption,
as well as during the post-eruptive phase.

2 Kinetics of the prominence during the post-eruptive phase

2.1 Data and analysis

The prominence was observed on the solar western limb at the mean latitude
S53° from 06:53 UT up to 11:09 UT on 8 May, 1979 in the hydrogen Ha line
with the Small Coronagraph (130/3450 mm) of the Astronomical Institute

of University of Wroclaw equipped with a 3 A band-pass Lyot filter (see Fig.
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Fig. 5. Height-time diagram of the type II EP of 8 May 1979. The time is given in minutes
after 06:52 UT

1). Most of the images were taken with exposure time of 1/8 of a second.
All filtergrams were digitized with the automatic Joyce-Loebl microdensit-
ometer at the National Astronomical Observatory Rozhen, Bulgaria. The
two-dimensional scans were taken with pixel size of 20 x 20 microns® and 20
microns steps in both directions. The pixel size of the images corresponds to
a little more than 1”on the Sun.

The last 16 filtergrams from the full series of the EP of 8 May 1979 were
used for determination of the basic kinetic parameters of the post eruption
phase (Fig. 2). Since during the post-eruptive phase two main FRs of the
EP were completely untwisted, the kinetic evolution of each of them was
traced. The two untwisted prominence FRs, northern (N) one and southern
(S) one are presented in Fig. 6. The Height-time profiles of the N and S FRs
were determined from each filtergram their by measurements of the projected
heights. The distance between them as a function of time was also determined
by measurements of the positions of the FRs feet.

2.2 Vertical expansion

During the post-eruptive phase, the main FRs of the EP were completely
untwisted (see Fig. 2) thus their evolution could be traced separately. The
height-time relation of the northern FR compared with those one in Fig. 5
suggests a massive inflow of the prominence’s plasma back to the chromo-
sphere along the northern FR, being a part of a rising magnetic skeleton of
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N

Fig. 6. A simplified sketch of the completely untwisted northern (N) and southern (S) main
flux ropes of the EP’s body

the prominence embedded into erupting HMS. The estimated constant ac-
celeration of the plasma along the southern FR toward the solar surface was
76 m/s? and the plasma reached a velocity of 200 km/s at the end of the
post-eruptive phase.
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Fig. 7. Temporal changes of the heights of the two main flux ropes during the post-eruptive
phase of the EP of 8 May 1979. The time is given in minutes after 06:52 UT
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Fig. 8. Temporal variations of the velocities of the untwisted main flux ropes presenting
the EP during the post-eruptive phase, estimated using two-degree polynomial fits (Fig.

7). Theoretical free-fall velocities of the objects at acceleration of 274 m/s* are given too.
The time is given in minutes after 06:52 UT

The temporal variation of the observed height of the southern FR is more
different. After the end of the eruptive phase, the southern FR increased
slowly from 70 -000 km up to 100 000 km at 10:58 UT, and next it decreased
to about 80 000 km. The observed deceleration of the material was equal
to about -28 m/s?. A significant simplification of the internal structure of
the flux rope occurred during the deceleration phase. Fig. 7 presents the
temporal variations of the heights of the northern (N) and southern (S) FRs
of the prominence during the post-eruptive phase of the evolution, and Fig.
8 shows the temporal variations of their velocities.

2.3 Horizontal expansion

The feet of the EP’s main flux ropes underwent horizontal relative expan-
sion (the distance between the feet varied in time) during the eruption of the
prominence. The expansion process started at around 09:51 UT, one hundred
minutes after the onset of the prominence eruption (08:10 UT). The expan-
sion consisted of two stages. The first one lasts up to the end of the eruption
phase and it is characterized with untwisting of the main flux ropes of the
EP’s body. During the first stage, the horizontal expansion had more or less
a chaotic character. The second stage of the horizontal expansion coincided
in time with the post-eruptive phase of the evolution of the EP. It started af-
ter 10:21 UT, when the prominence reached the maximum height of 320 000
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km and when its vertical main flux ropes were completely untwisted. During
this second stage the feet of the untwisted flux ropes of the prominence body
exhibited an apparent horizontal expansion.

S (10° km)

130 140 150 160 170 180

Time (min)

Fig. 9. Temporal variations of the relative horizontal expansion of the flux ropes of the EP.
The time is given in minutes after 06:52 UT

Fig. 9 presents temporal variations of the horizontal distance between the
feet of the main flux ropes of the EP. The mean velocity of the expansion,
estimated by linear least square fit, was equal to 12 km/s. The estimation of
the horizontal expansion by third-degree polynomial fit infers that during the
post-eruptive phase the distance between the feet has changed non-linearly.
It decreased initially from 67 000 km to 55 000 km, next it increased up
to 90 000 km for 25 minutes between 10:30 UT and 10:55 UT, and finally
it decreased back to 85 000 km at the end of the post-eruptive phase (see
Fig. 9). The accelerations and velocities of the relative horizontal expansion,
fitted with a third-degree polynomial, are shown in Fig. 10.

3 Discussion and conclusion

The basic results of the presented detailed study of kinetics of the post-
eruptive phase of the EP of 8 May 1979 are summarized as follow:

1. The kinetics of the southern main FR of the EP body is representa-
tive for the kinetic pattern of the post-eruptive phase of the prominence.
Moreover, the morphological evolution of the southern FR is indicative for
the evolution of the magnetic topology at the bottom of the expanding HMS
that later produce a CME. This southern FR of the EP can be well traced
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Fig. 10. Temporal variations of the acceleration and velocity of the horizontal relative
expansion of the feet of the EP’s FRs, estimated using third-degree polynomial fit (Fig. 9).
The time is given in minutes after 06:52 UT

in the SOLWIND coronagraph images that were obtained between 10:28 UT
and 10:58 UT as brighter southern edge of the developing magnetic system
of the CME (Michels et al., [1980]).

2. The inflow velocity of the prominence plasma in the southern FR of
the EP increased with constant acceleration of 76 m/s? and reached a value
of up to 200 km/s in the end of the post-eruptive phase, which is about 3
times less than free-fall velocity.

3. The horizontal expansion between the feet of the main FRs of the EP
body increased during the post-eruptive phase from 55 000 km up to 85 000
km with an average constant velocity of 12 km/s in first order approxima-
tion. However, the detail analysis of the horizontal expansion suggests that,
in fact it has changed non-linearly inferring that the horizontal motion of
the separate magnetic FRs has more complex character. The post-eruptive
phase temporarily coincides with the early stage of the HMS eruption when
the onset and development of a CME were registered on SOLWIND images.
During the stretching up of the HMS, its lower part containing the EP ex-
pands mainly laterally (Hundhausen, [1994]) that could explain the apparent
character of the horizontal expansion during the post-eruptive phase. As for
the complex character of the horizontal motions of the FR’s feet, leading to
its non-linear changes (Fig. 8), most probably it is closely connected with
physical mechanisms responsible for the dynamics of MRs rising in the solar
atmosphere, similar to those proposed by Emonet et al., [2001].

4. The process of horizontal expansion was accompanied by an untwisting
of the threads/ropes inside the main FRs of the EP. When the post-eruptive
phase finished and the EP fully disappeared in Ha line, the separate threads/
magnetic tubes were completely untwisted. Consequently, the full untwisting
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of the EP threads/ropes and their perpendicular position to the solar limb
could be considered as a signature for a crucial stage in the eruptive evolution
of the HMS/MFR. So, the horizontal expansion of the EP threads/ropes
during the post-eruptive stage traces kinetic and topological changes in the
lower part of the HMS/MFR system preceding and accompanying the CME
appearance and development. Therefore, the kinetics studies of the post-
eruptive phases of EPs of type II provide important information about the
kinetics and evolution of the magnetic field at the bottom of the erupting
HMSs.
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