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Rbstract. This review is concerned with the fine structure of guiescent
and active region prominences. The aspect and evolutionary behaviour of
the fine structure of these praominences during the phases of their for-
mation, stable state and eruption 1s discussed in detail. The dynamic
models explaining the process of formation as well as the observed fine

structure of these two types of prominences are proposed.

1. INTRODUCTION

The fact that prominences consist of fine filamentary structure is well
known for meore than one hundred years, since chservaticons by Fearnley
(1872-73) (Figure 1) and Secchi (1875-77)}. In spite of this even now
the fine structure of prominences is not well understood and still re-—
presents some puzzling qguestions.

Nearly all types of prominences display fine filamentary structure
of more or less the same width but various lengths of the individual
fine filaments. According to a number of determinations and evaluations
we know that the diameters aof the prominences fine filamentary structu-—
res are in the range from 1/3 to 3 arcseconds, that is from around 0.25
to 2 Mm. Nevertheless, there are well founded evidences that some of
the finest prominence threads are of subtelescopic resolution. Our best
solar telescopes presently in operation — for example the Sacramento
Peak Vacuum Tower Telescope — are capable to distinguish on the Sun the
fine stuctures as small as 1/3 of arcsecond only. On the other hand
filamentary structures wider than 3 arcseconds or so, observed at some

occasion in prominences, seem to be formed by several finer filaments.
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Rompolt: Small Scale Structure and Dynamics of Prominences

Fig.1. -Filamentary structure of prominences is known since more than
one hundred years. This chalk drawing has been made by C.F. Fearnley,
professor aof the University of Christiana in Oslo in 1872.

H H

Fig.2. A composite Ho—filtergram showing prominences in emission on
the limb and in absorption against the disk (filaments). One can dis-—
tinguish the quiescent prominence filaments (QPFs) laying at the pe-
riphery of the active regions or in between of them as well as the ac-
tive region filaments (ARFs) located inside the active regions.
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Rompolt: Small Scale Structure and Dynamics of Prominences

In the following I would like to concentrate on how the fine struc-
ture looks like in the quiescent prominences (GPs) and active region
prominences (ARPs), how it behaves during a steady and active phase of
these prominences, and what peculiarities it displays at some occasion.
Moreover, 1 intend to present some ideas on the formation and evolution
of these two types of prominences, developed mainly on the basis of Ha
observations performed at the Wroclaw Observatory, Big Bear Solar 0Ob-
servatory, Holloman and Ramey US Air Force Base Observatories, and the
Sacramento Peak National Solar Observatory.

The OPs and ARPs appear on the disk as dark objects, in a form of
long and thin threads — that is the reason that they are comprise by a
common name — the filaments. Hereafter, the gquiescent prominence fila-—
ments will be referred as the QPFs while the active region filaments as
the ARFs.

ARPs are observed within the active regions, the @Ps ones, on the
other hand, at the periphery or in between the active regions (Figure
2. It 1s clear from a variety of data that the filaments occupy unique
locations 1in the magnetic field, namely, they overlie as a rule the
magnetic neutral lines, that is to say, the polarity inversion lines of
the photospheric longitudinal magnetic field (Babcock and BRabcock 1955,
Howard 1959, Howard and Harvey 1964, RAvignon et al.1964, Martres et al.
1966, Smith and Ramsey 19467, McIntosh 1972). Strictly spiking, the rel-
atively dense material revealed in GPs and ARPs is frozen—-in into a
part of a huge magnetic system (HMS) closely connected with a neutral
line (Rompolt 1984 — Paper I, 1987 — Paper III, Rompolt and Bogdan 1986
-~ Paper II).

2. ACTIVE REGION PROMINENCES

ARPs (or ARFs) are strongly elongated structures laying low within the
chromosphere. On the limb they can be observed at rare occasions in the
form of fairly long, horizontally stretched prominences slightly pro—
truding above the chromosphere (Figure 3 and 4). The shapes that dis-
play the ARPs during their steady state phase, while seen above the
1limb chromosphere, are much the same (cp. Figure 3 and 4).

The average dimensions of ARFs are: length 30 Mm, height 10 Mm, and
width of a few Mm (Schmieder 1987, 198%a). According to Adams and Tang
(1977) the average height of short lived ARFs is of 7.3 Mm only.

The ARFs usually exhibit clear fibril structure along the axis. On
high—resoclution Ha—pictures of active regions it is easily visible that

the filaments consist of a number of tightly packed fibrils of various

Hvar Obs.Bull. 14 (1990) 37-102 39

Hvar Observatory, Faculty of Geodesy * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1990HvaOB..14...37R

"g'.
™,

210 = N v

1
[=]]
(=]

!

8} RS BN RN T
ROmMpoOLlur omall

7

H

T

Fig.3. An active region prominence (ARF) of 1987.0%9.10 streatched low
above the chromosphere at 1147 UT (Large Coronograph of the Wroclaw As-—-
tronamical Institute - herezsftter called LCHroclaw).

H H

Fig.4. An ARP observed on 198%.05.24 at 0549 UT (Small Coronograph of
the Wroclaw Astronomical Institute — hereafter called SC—Wroclaw). The
fibril structure is clearly seen at its right end.

H

H

Fig.S5. An ARP of 1984.04.20 seen abeve the solar limb during the phase
of its activation at 0657 UT (LC—Wroclaw).

40
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length. Some of the constituent fibrils are of the length typical for
normal fibrils (12.5 Mm) some other seem to be twice or three times as
long as the normal ones (Paper II). Such a conspicuous example of fine
filamentary structure of an ARF seen in absarption on the disk during
an early phase of its activation is shown in Figure 7 as recorded in Hx
by Gaizauskas. Note that the fine filaments grouped in several segments
are oriented parallel within every one segment. Turn attention to vari-
ous length of the constituent fibrils.

The fine filamentary structure of ARPs 1is clearly seen on the limb
during a phase of their activation or an early phase of their eruption.
At that time the ARPs are lifted up above the chromosphere and their
internal structure become more loose (Figure S and &) .

The width of the fine fibrile structure of ARPs 1is in most cases in
the range from 1/3 to 2 arcseconds or so (from 0.25 to 1.5 Mm).

A comprehensive reviews on mass motion in ARPs and BPs have been re-—
cently done by Schmieder (1987 or 198%a, 198%h). Here I would like to
recall some more important findings in this field.

In sequences of high-—resoclution pictures of active regions one can
see a continuous flow of material along the axis of most ARFs (Malher—
be et al. 1983, and Simon et al. 1986h).

Motions in fine fibril structure of ARFs were observed in downward,
upward and horizontal directions.

Upflows with average velocities of 0.5 km,s_1 in Ho and 5.6 km s—i
in C IV A154.8 nm were aobserved in several ARFs by Schmieder et al.
(1984).

Upflows and downflows were discovered on both sides of filament axis
respectively by Mein (1977) in Ha (-7.0 — +5.5 km 5—1), and Schmieder
et al. (1985) in Hx and C IV (¢ 10 km s ).

Horizontal motions of 5 km s inclined to the filament axis by 20°
were detected by Malherbe et al. (1983) in Hx. Such motions were also
determined by Vial et al. (1979, 1980) in an ARP observed at the limb
and appeared to be of up to 20 km ' in H tay, Mg II k and h, Ca II H
and K, and of 8 km s ' in O VI A103.2 nm line. Nearly all observations
mentioned above can be interpreted as mass motion along fine loops in-—
clined to the filament axis. Schmieder et al.(19835) prefer to interpret
their observations as mass flow along a spiral trajectory.

The ARFs are formed over intervals of a dozen minwtes or so to sev-—
erals days (Smith 19268, Martin 1273, 1986).

A process of formation of RARFs by a coalescence of fibrils has been

reported by Smith (1948}, Martin (1973}, Tanaka (1976), and Rompolt and
Bogdan (1986).
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Rompolt: -Small Scale Structure and Dynamics of Prominences

Fig.&. An activated ARP of 1983.0&.25 at 0744 UT lifted above the chro-—
mosphere disgplays fine filamentary structure (LC—Wroclaw).

Fig.7. An ARF of 1978.05.30 at 1515 UT seen during the phase of activa-
tion reveals a system of fine filaments. Note that rearly all fine fil-—
aments exhibit parallel arrangement {(courtesy V.Gaizauskas, Ottava Riv-
er Solar Observatory).
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Rompolt: Small Scale Structure and Dynamics of Prominences
I. VELOCITY AND MAGNETIC SHEARR IN FILAMENT CHANNELS

Oocrecral rale in the proress of formetion of GFs and [RFe  coers T
nlay & large-scale mass meticon in the filament channel on sitner cides
of the meutral line (see FPaper II and III), recently extencively inves-—
tigeted. In view of the fact that thig mass motion leads to crestion of
the fine Filamenlary siructure in BRFs and to an overall arrangement i

+that fine structure in BFs it ssems reasocnable to review here cuwrsori—
lyv more imoortant achievements in this fieid.

1

Twa types cof such dominant mass moticns on either sicde of fthe 173

i

4
-

ment long axis or magnetic neutral lime seem to be at work (Faper ITd:

g»

the anti-parallel (Figure 8a), and parallel (Figure Br). In sams caseg,

however ; the cobservations csucgest the existence of a emaller Convercing

velocity component directed towards the nmeutral line.
Foukal (1271a) Ffirst mentioned on the possibility that

located in a zone of velocity shear between twoe opposing streamg with

mass moticn componentes paralleling the filaments. Now, it is more anc

more chviouve that the &

sheer , =nc by inference, of magnetic shesr (=.g., Athay 198%9). Indeed,

aobservatione near magnetic neubtral v

in magnetic Ffield (e.c., Zirin and Tanakes 1573, Krall et al. 19222,
The existence of velocity shear deduced from cobservations in photo-

spheric  and/or chromospheric spectral limss near the magnetlic nmeulral

line has been reported by Martres et al.(1971,; 1974}, Martres and Soru-
Escaut (1277, Harvey and Harvey (1974, 1980 and Kartashovae (1979).

The wvelocity shear and converginig mass motion near filaments has also
been detected on the basis of cbservations taken in U speclral iines
formed in the trancsition layer chromosphers-corona or praminence—coroné
(Athay et al. 1F8S5a,b, 198&a.,b, Athay 1985, 1989 .
Such & large—scale velocity shear could bhe caused either by =20 ac-
tion of the differential rotation on some solar regions permested
relatively strong magnetic field of the oppocsite polarity, by a large-—
scale circular eddy in the solar atmosphere or the rotation of & more
zignificant spot in a spotgroup (se= Figuwre §Y. Rotation of filaments
arounc the "mivot Doints"  and large scale convection identified with
the "azimuthal rolls" detected by the Meudon Group {Escaut—Soru et al.
1984, Soru-Escaut et al. 1%8%; 1984, Maritres et al. 198&,; Mouradian et
al. 1987, Ribes et &l. 198BS, Rihes 128&) appears to be alsc a manifes—
tation of the larce—scele meotionse in the vicinity of filaments.
Shearing motions in the chromosphere in association with the ARFs
and GFFs formation has been observed inm Ha by Martin (1984),; Rompolt

and EBogdan (1986) and Rompolt (1G87).
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Rompolt: Small Scale Structure and Dynamics of Prominences

T

(a)

(b)

H

H

Fig.8. Two types of large—scale converging mass motion about the mag-

netic neutral line (NL).

H

a — anti-parallel, b - parallel mass motion.

Fig.?. ARF formation in anti-parallel converging mass motions (Rompolt

and Bogdan 198&4).

H

H

Fig.10. An ARF formed by anti-parallel converging mass motions (cour-—
tesy U.S. Air Force Solar Observatory,

Ly

Holloman). Cp. with Figure 8.
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4. FORMATION OF ACTIVE REGION PROMINENCES

The problem of formation of @Ps and ARFs has been reviewed in detail by
Martin (1989). Nevertheless, in the following I would like to present
cur dynamic models illustrating the process of formation of the A8RPs
(Faper II) and QPFs (Paper III) (Section &), mainly because they reflect,
quite reasonably, the fine structure observed in these two types of
prominences.

It is generally known that in well developed active regions there is
a hierarchy of Hoa absorptive fine filaments (fibrils and chromospheric
filaments) radiating outward from the main spot. Beyond the penumbra is
a system of fine chromaspheric filaments forming the superpenumbra (Lo—
ughead 1968). These filaments begin within the penumbra and propagate
outwards, in & more or less radial direction, for a distance on the or—
der of the spot diameter. Another set of shorter filaments (fibrils) is
stretching usually beyond the superpenumbral filaments (see Figure %a).
The ARPs {(or ARFs) seem to be formed from this outlying system of fila-—
ments.

According to the type of the large—scale photospheric mass motion
(type a or b in Figure ?) we discern two types of ARFs to be formed in
active regions.

Formation of the first type of ARFs 1s schematically shown in Fig-—
ure ?. A system of fibrils, originally oriented more or less perpendi-—
cular to the magnetic neutral line (dashed line) is sheared by mass mo-
tions (indicated by arrows) forming a long Ha filament composed of many
tightly packed fibrils.

Typical structure and arrangement of fine fibrils in ARFs formed by
anti-—parallel converging mass motion 1s clearly seen in Ha filtergrams
presented in Figure 10 and 11. It is interesting to note how many fine
fibrils do participate in formation of this conspicuous circular fila-
ment shown in Figure 11. All the constituent fibrils are quite strongly
sheared and tightly packed.

Formation of the second type of ARFs is depicted in Figure 12. Here
two sets of fibrils are sheared and then merged and tightly packed into
a filament by a parallel mass motion with a velocity component directed
towards the neutral line. Note the difference in the arrangement of i-
brils between the Figures 9b and 12d, which results from converging mo-—
tions being anti-parallel (Figure 8a), aor parallel (Figure 8b).

Typical structure and arrangement of fine fibrils in an ARF being not
completely formed by parallel converging mass motions is shown in Fig-
ure 13.

The majority of ARFs formation is rather typical for the scenario
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of an ARF by parallel converging mass motions

Small Scale Structure and Dynamics of Prominences

An circular ARF véry likely formed by anti-parallel converging

(courtesy R.B.Dunn and R.N.Smartt, Sacramento Peak Nation-
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Rompolt: Small Scale Structure and Dynamics of Prominences
presented in Figure 9, and by inference,; the anti-parallel mass motions
of Figure 8a.

Observations of ARFs formation by Martin (Smith 19468, Martin 1973)
seem to be in concurence with ocurs (Paper II). Ghe stated that some of
the observed ARFs has been formed by cocalescence of Ha fibrils aligned
approximately end to end in the filament channel and oriented initially
parallel to the neutral line (see Figure 14). Evidently these fibrils
were already in a sheared configuration. In my opinion, however, such
an evolutionary behaviour of fibrils could be interpreted in the frame
of our model presented here. Nameiy, it is quite possible that in the
case of Martin‘s observations the process of turning the filament chan-—
nel system of fine fibrils from an initial orientation more or less
perpendicular to the neutral line to a strongly sheared, nearly paral-
lel to it, could proceed 1long before as a process invisible for some
reasons in Ha, or taking place somewhere in subphotospheric layers. It
would be reasonable to accept, however, that during this latent phase
of turning the fibrils the converging velocity component directed to-
wards the neutral line temporalily vanished or was quite small. Never-
theless, it should reappear in order to enable the filament formation
after the fibrils had been strongly sheared paralleling the neutral
line (cf. Figure 14). A transient disappearance of a fibrils in Ha can
be caused either by a temporal depletion of the magnetic tubes of fi-—
brils from sufficiently dense and cool material, or by an overheating.

Dbserv§tions show that some filaments never become fully developed
(Smith 1668, Martin 1273). For such circumstances could be resposible
the converging velocity component being not sufficiently large.

Observation and identification of fibrils during a period of several
hours is not straightforward. While following evolutionary changes of
individual fibrils during formation of ARFs we often found some fi-—
brils to disappear for several tens of minutes to hours. This specific
behaviour of fibrils has been also noted by Martin (1986). ffter some
time these fibrils seem to reappear again displaying changes in loca-
tion and inclination with respect to the neutral line. One cannot be
quite sure whether after reappearing sees the same fine fibril as be-
fore or a new one which emerged from below the photosphere in meantime.
In any case the orientation of such a new fibril with respect to the
neutral line is changed because of a continuous action of the shear mo-
tions. Sometimes new fibrils, not seen before, abruptly become visible
in the filament channel - this renders the identification difficult.

The fine filamentary structure of some of the ARFs, especially of
thase well developed, consists not only of normal fibrils but also of

quite long fine filaments, twice and/or three times as long as the av—
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Fig.1l4. Possible ARF formation .in converging mass motion after the
parallel or anti-parallel mass motions did arrange earlier the fibrils
parallel to the neutral line.

Fig.1%. Scheme for formation of

long fine filaments in an ARF.
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Fig.16. Reconnections leading to
eruption of an ARP.
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Rompolt: Small Scale Structure and Dynamics of Prominences

erage length of fibrils. These long fine filaments seem to be formed by
the reconnection of two or more fibrils tightly packed in an ARF (FPaper
IT). Such a process of reconnection is schematically shown in Figure 15
as seen from above and from a side.

An observed process of cancellation of small-scale magnetic flux of
opposite polarity near the sites of ARFs and GFFs (Martin et al. 1985,
Livi et al. 1985, Martin 1984) seems to be nothing else like a process
of formation by magnetic reconnecticn of long fine filaments described
above. Such a procecses of magnetic flux cancellation and resulting re-—
cannection was anticipated earlier by Zwaan (1978). This magnetic can—
cellation is very likely forced by the photaospheric converging mass mo-—
tions towards a neutral line (Paper II, Wu et al. 198&).

A detailed examination of the observational material being at our
disposal implies that the observed evolution and subsequent formation
of ARPs from a system of fibrils, populating originally the filament
channel , is consistent with an action of some simple photospheric mass

motions.

S. ERUPTION OF ACTIVE REGION PROMINENCES

Eruption of ARPs is caused by eruption of a HMSE (FPaper I} evidently
created during a process aof ARPs faormation by coalescence and subse-
quent magnetic reconnection of the fibrils involved. Cool and dense Ha—
material observed in ARPs is believed toc be frozen-in into such a HMS,
or into a part of it. The HMS while erupts, lifts along with the frozen
—in cocol and dense prominence material. Eruption of an RRP takes place
when the system of its fibrils, strongly sheared and packed together,
receives some additional puls of compresion by the photospheric mass
motion and undergoes some reconnections leading to modification of its
original HMS. In consequence, the HMS is transformed into an arch-like
configuration which erupts owing to a magnetic tension force involved.
Such a situation is schematically presented in Figure 16.

The above presented notion on the eruption of HMSs from the sun car-—
rving with the frozen—-in prominence plasma has been recently supported
by an analysis of four ARFs eruptions by Kahler et al. (1988). The au-
thors came to a conclusion that in all investigated cases the filament
eruption and the associated flare impulsive energy release were coordi-—
nated and driven by a common cause, the instability of the whole mag-
netic field configuration.

At some occasions, the process of initiation of magnetic reconnec-
tions in the magnetic skeleton of the prominence may be caused by an e-—
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mergence of a new magnetic flux in the region adjacent to or immediate-—

ly below the prominence.

6. QUIESCENT PROMINENCES

OPs are the objects of a conspicuocus filamentary structure formed by
fine magnetic ropes (~ 10 G) coentaining cool plasma (~ 6500 K), emerged
in hot coronal environment (~ 1.5 MK). They are located over the mag-—
netic neutral line in the regions of weak magnetic fields of opposite
polarity at the periphery or in between the active regions. Tang (1987)
revealed that prevailing number of GPs 1is formed on neutral lines be-—
tween bipolar active regions.

GPs display a wealth of forms which hardly seem to be described by
one common model. Roughly, @Ps are observed in three basic shapes, ac-—
cording -to their age, schematically shown in Figure 17, (Paper III).

A young QP is usually observed in a shape of one (see Figure 17a) or

two arches. The span of such an individual arch is on the order of the

. size of & supergranular cell or twice as large. The overall dimensions

of these young prominences are typically in the range: length 30-60 Mm,
height 15-30 Mm, and width of a few Mm. The structure of the arches is
filamentary - they are formed by a system of thin filaments occasional-—
ly twisted or intertwined {see Figure 28b, and Rompolt 1975b). Exam-—
ples of such young GPs are given in Figure 18.

A well developed (of medium age) @GP is that of the hedgerow type of
Menzel -Evans (1253) prominence classification (Figure 17b). It usually
consists of two systems of fine filaments one going along the long axis
of the prominence forming the arches (the longitudinal rope), and the
other one forming the "curtain" (the transverse system of fine fila-
ments) (Paper I). The individual filaments of the transverse system are
sometimes ohserved as spirally twisted structures but those forming the
longitudinal rope can be twisted and/or intertwine (Rompolt 1975b). A
high—resolution Ha—picture of such a well developed GF is shown in Fig-
ure 12, and of another one but seen in absorption against the disk — in
Figure 20. The average dimensions of a well developed GPs are: length
200 Mm,-height 50 Mm, and width of a few Mmn. At some rare occasions the
well developed prominences were chserved as very long obiects crpssing
the whole solar disk - so they were of a length on the order of 2 Gm!-
GPs of this type can persist on the solar surface for several months,
even up to ten.

An old GP, or rather a @GP in the late phase of evolution, often is
in a form of a huge arch with strongly twisted and intertwined fine
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Fig.17. Three typical shapes dis— Fig.18. Examples of the young GPs
played by OGPs: vyoung, well devel— observed on 1982.09.16 (upper) and
oped and old ones. - 1985.07.25 (lower). (LC—Wroclaw).

Fig.19. A well developed @QF (courtesy R.B.Dunn and W.J.Wagner , Sacra-—
mentoc Peak National Solar Observatory).
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Fig.20. A well developed GF of 1978.05.192 seen in absorption against
the disk as a filament at 1626 UT (courtesy F. Tang).

a b

Fig.21. The old-type QPs observed on: a — 1980.08.18 at 08B03 uT, (8C-
Wroclaw), b — 1972.02.16 at 1003 UT (LC—Wroclaw).

Fig.22. Magnetic
skeleton of a well
developed QF (Rom— -
polt 1984).
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Rompolt: Small Scale Structure and Dynamics éf Prominences

filaments — Figure 17c. Sometimes this twisted filamentary structure is
hardly discernible in the arch of tightly wound and packed fine threads
but it usually becomes clearly visible during tﬁe eruption stage of the
prominence (Rompolt 1975). Two examples of the old GPs are presented
in Figure Z1 a and b. The sizes of several measured prominences of this
type, seen on the limh, were in the range: length (the span of the huge
prominence arch measured alond the limb) 130-300 Mm, height &0-200 Mm,
width (the diameter of the huge prominence arch) 30-80 Mm. The largest
old type prominence ever aobserved was recorded by Roberts (see Tand-—
berg—Hanssen 1974) with the Climax coronagraph on 12446.06.04. Rccording
to my measurements the size of this prominence, in a stable state just
befaore the eruption, was: length (the span of the arch) 820 Mm; height
235 Mm, and width of the arch tube ranging from 2Z00-300 Mm!

A well developed BF transforms into an old prominence configuration
at a proper stage of its evolution. This process seems to proceed rela-—
tively fast, in & course of hours. I never succeeded to observe it, al-
though it happened twice during two consecutive days of our observa-—
tions, but wunfortunalely during the night time.

Generally, the GPs are objects much higher than ARFs.

The most typical widths of the observed fine structure of QPs are in
a range a little wider than the widths of the fine structure of ARPs,
namely, from 1/3 to 3 arcseconds. We are strongly limited in the possi-—
bility of detecting the smaller structural features as of 1/3 arcsecond
(0.25 Mm) width by the seeing conditions and instrumental resoclution.
As has been stated in the Introduction some observational and theoreti-
cal arguments being at our hands allow us to believe that the size of
the fine structure of GPs should be of subtelescopic resolution. Nowa-—
days, there is a growing need for new high-resolution instruments, of a
higher spatial resoclution as the present ones, which should be devel-—
oped and put into operation from outside the atmosphere.

The fine structure of @GPs has been extensively studied by a number
of investigators since more than three decades. Let me recall here some
of the results obtained so far.

The first high-—resoclution study of the fine filamentary structure in
OFs has been done by . Dunn (1959, 1960, 1965, 1970, 1972, see also Men-—
zel and Wolbach 1960). The main result of his investigation is that the
fine filaments in @Ps can be as narrow as 0.3 Mm, and very likely are
much thipner, but cannct be cobserved because of the limited spatial re-—
solution of the Sacramento Peak coronagraph used, giving the best prom—
inence images at that time.

Engvold (1972) measured a characteristic size of the fine structure
in GFs of about 3 Mm, but this was in structures oriented rather hori-—
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zontally. The apparent diameter aof fine filaments in @Ps determined by
Engvold (1976) Ffrom Dunn’s high resoclution filtercrams appeared to be
in the range from 0.4 Mm at lower height of 10 Mm to 1.5 Mm at about 70
Mm. These fine structures changed on a time scale of about 8 minutes
but some bright filaments were identified for a period of 1 hour or so.
The bright knots in the prominences seen on average during about 8 min-—
utes ranged in size from 1.5 to S Mm.

The reported changes observed in the fine structure of @PFs are dis—
persed over a rather wide time interval - from 2 minutes up to one day.
Changes in the fine structure observed in the He I A1083.0 nm and Si I
Al1082.7 nm lines by Engvold and Keil (1986) in ARFs and GPFs on a scale
of about 10 arcseconds and less exibit a short life time of 2 to S min-—
utes. On the other hand, Orrall and Zirker (19461) found no change in
form and brightness of the fine filamentary structure of @Ps over a pe-—
riod of about 3 hours. In their opinion some individual fine filaments
may possibly persist for one day or so.

The thickness of some fine filamentary structures in Q@Ps increases
with height (Malville 1975, Engvold 1976).

Fine structure in GPs has also been studied spectroscopically. One
should realize, however, that spatial resolution of our best telescope-—
spectrograph systems is rather worse than 1 arcsecond. Usually, scales
smaller than 1 Mm are not discernible even on high resclution spectra
of QPs (Ramsey 1977). Nevertheless, spectral studies of fine structure
in prominences are important, because they allow us to associate some
large—scale fine structural elements (their dimension, brightness, tem-—
perature, density) with their line—-of-sight velocity component.

Ramsey (1977) analyzing the internal horizontal line—of-sight mo-—
tions of a GP in Ca II K line found a characteristic size of 4.7 Mm for
the prominence moving elements. The sizes of these moving elements were
much greater than the fine prominence structure. Engvold (1978) stated
that the individual spectral features in @Ps have dimensions in the di-
rection perpendicular to their edges in the range 1-2 arcseconds and
life—times of S5-15 minutes. Small scale Doppler shifted feagtures in an
activated QP just before and after the eruption appeared to have the
dimension < 1 Mm and an average lifetime of S5 minutes (Engvold and Mal-
ville 1977). RAccording to Engvold et al. (1978) at least 1/3 of all GQPs
exhibit Doppler shifted velocity features associated with their edges
or emission gaps between prominence sub—structures. These small-—scale
features had the diameter in the range of 0.7 - 1.5 Mm and were seen
for 5 minutes on average.

Some theoretical estimations gave quite small dimension for the di-—

ameter of the fine prominence structure. The computational results of
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analysis of the linear thermal stability of a 2D periodic structure

{alternately hot and cold})? in a uniform magnetic field indicate that
the dimension of the unresolved fine filaments should be on the order
of 0.01 Mm only (Démoulin et al. 1986).

Hirayama et al. (1978) derived the width of the fine th?eads in GPs
by comparing the electron density deduced from Stark effect and the to-
tal intensity of Ralmer lines. It appeared to be of around 0.2 Mm.

Motions in fine filamentary structure of (Ps were observed in three
basic directions: downward, upward and horizontal.

Downflows were reported in Ha by Pettit (1232), Dunn (1960), Menzel

and Wolbach (12460), Engvold (1976) (15-35 km 5_1), Martin (see Anzer

1978) (== 2 km 5_1), Cui Lian Shu et al. (1985), and Kubota (1980) in
Ca II K (0.8 and 1.4 km s *

common in QPs. The downward velocities of bright knots of ten and more

}. This kind of motion seems to be the most

kilometers per second detected by Engveld (1976) are probably repre-—
sentative for the high velocity tail of the velocity distribution.

Upflows were observed by Martres et al.(1981), Malherbe et al.(1981)
in Hx, and by Engvold and Keil (1986} in the He I X1083.0 nm line. The
velocities of downflows and upflows are generally in the range of 0.5-
10 km s ! with the most often met values being rather close to the low-—
er limit of this range. It should be stressed, however, that determina-
tions of the line-of-sight velocity component in filaments observed on
the disk is slightly ambiguous because the ohserved Ha (and also Ca IT
K and H ) Doppler displacements can be strongly influenced by shifts of
the chromospheric component of the line which is not sufficiently well
known (Beckers 19462,1968, Cram 1975, Engvold and Keil 1986). These lim-—
itations are not so severe in the case of the line-of-sight velocity
determination using the He I infrared and D3 lines.

Both downward and upward directed motions were recorded within the
same GPF by Maltby (1976) (4 or 7 km s ' dependent of the method used),
Kubota and Uesugi (1986) (from +5.3 to —-6.0 km s ') and Démoulin et al.
(1987) (*1 km s %) - in Hay Schmieder et al.(1988) in Ha and C IV (£2.3
km s ') with a time scale of S minutes, Simon et al. (1986a) in Ha (*5
km s ) and C IV (+15 km s '), Kubota (1980) in Ca II K (< 1 km s 1),
and by Kubota et al. (1982) in Hax and Ca II K with predominant downward
motion of about 1 km s *. The observations by Kubota et al. (198%) are
interpreted as continuous matter flow along the individual loops of a
@GP from one foot toc the another, with a velocity of less than 3 km s ',

Horizontally directed flows easily observed in (Ps were reported by
a number of observers, e.g., Engvold (1972) in Ca II K (~1 km s ! in
fine filaments and ~4 km 5—1 in mottled prominence structure), Engvold

et al.(1978) in Ca II K, He I D3 and Ha (30-40 km s-i), Martin (see An-—
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zer 1978) in Ha‘(20—50 km 5_1), Simon et al. (198%2a) in Ha (~2 km 5—1)
and C IV (~5 km s ). Gigolashvili (1978) found by deconvolution of the
complex Ca II K line profiles of a OGP into Gaussian elementary profiles
that the line—of-sight velocity components were in the range —-30 — +50
km s '. She interpreted the obtained velocity field in term of a spiral
motion of material. Thus, the horizontally directed velocities in Q@Ps
are generally obhserved in the range Ffrom a féw up to several tens of

kilometers per second, but occasionally they can reach values up to 80

km s * (Engvold and Malville 1977).

7. FORMATION OF QUIESCENT PROMINENCES

On the basis of detailed inspection of a large body of high-resolution
Ho—images of OPs, seen on the solar limb under various orientation to
the line—of-sight, a dynamic model of formation of these prominences
has been proposed (Paper III). This model depicts the fine filamentary
structure of QPs.

The magnetic skeleton of a well developed @GP (cf. Figure 17b and 18)
is extended and quite complicated {(Paper I). Roughly, it consists of a
longitudinal component — a rope forming the system of arches of a @GP,
and of a transverse component — the field more or less perpendicular to
the longitudinal component, supporting the prominence (Figure 22). This
transverse component of magnetic field is formed by a system of loops
spanning two opposite polarity regions laying on opposite sides of the
prominence channel. The observed system of threads forming the "cur-
tain” of a QP is believed to be the material condensed in the sag part
of the transverse magnetic filaments 1linked to the longitudinal rope
forming the arches. The magnetic filaments of the transverse component
are very often strongly sheared by the oppositely directed mass motion
of the regions on opposite sides of the neutral line in the prominence
channel. The strongly sheared Ffilaments of the transverse system of
magnetic field seem to be responsible for the observed inclination by
25° of the azimuthal caomponent of the prominence magnetic field rela-
tive to its long axis (Leroy et al. 1983, 1984, Nikolsky et al. 1984,
Leroy 1987, Kim 1989). Recently Engvold et al.(1987) revealed that in
a studied GPF a system of fine magnetic flux ropes seems to be really
inclined at an éngle of about‘zol° to the filament long axis. These ocb-—
servations are in agreement with generally accepted notion that the Hx
fine structure exactly follows magnetic field lines (e.g., Tsap 1964,
Smith 1948, Deubner and &5hring 1970a,b, Foukal! 1971a,b, Prata 1971,

Zirin 1972, Engvolﬂ and Leroy 1978). HNevertheless, some observations
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Rompolt: Small Scale Structure and Dynamics of Prominences
performed mainly during the last decade <seem not support this notion.

The spatizl resolution of the scolar magnetooraphs bheing presently st
our disposal ic in most cases of abocut 5 arcseconds (leroy 1987), thus,
the problem of exact measurements of the strength and direction of the
magnetic field in the fipne filamentary structure of prominences will
remain operns until new  improved instruments  of rescolution on the order
of 1 arcsecond at least will be accessible.

The process of formation and evoluticon of a GP is schematically il-
lustrated in Figures 23 and 24. ]

As has been mentioned earlier the @Fs are formed inn a channel be-
tween two tregions of opposite magnetic polarity. Both these regions are
spanned by & system of magnetic loops, which are treated here as & dy-—
namic system — the ioops are supposed to emerge continuously from sub-—
photospheric depths and subsequently continue to erupt slowly.

Formation and evolution of a OF seems to proceed in three phases.
Phase I: At first & magnetic rope flows out from the subphotospheric
depths up to the solar surface (Figure 23) in a channel between two ad-
jacent fields of opposite magnetic polarity (Figure 24a, b). This rope
originally filled by csubphotospheric plasma, faorms a system of arches
of the longitudinal component of the prominence magnetic field. As cb-
servations indicate, a raope, or a system of fine filaments forming the
rope, is filled with cool and dencse plasma for auite a long time. The
material in the rope seems to be nothing else than the subphotospheric
material , being cocled in the rope, and continuously pumped along the
rope as a result of the different depth of its subphotospheric anchor-
ing (see Figure Z3). Yet it is not quite clear what is the nature of
origin of such a rope — either it is & rope completely shaped somewhers
deep at the base of the convective zone and is transported to the solar
surface by the mechanism of magnetic buoyancy or it is formed from fi-

=)

(=Y

brile, in the same way as ARPFs (see Section &, and Figures 2 and
with subsequent magnetic reconnections (Figure 13) 1in the system of
strongly sheared fibrils. The young GFs seen in the form of one or tweo
arches (Figures 17a, 18a and b) are typical structures for this stage
of OPs formation. In this phase of evolution only the longitudinal com-—
ponent of the prominence magnetic field is visible due to the cool ma—
terial. The older prominences display, besides the longitudinal compo-
nent manifested by a series eof arches, a newly formed component of the
transverse system of magnetic field.

Phase I1I: In the next phase of development aof a OF the lcops spanning
both adjacent opposite polarity fields meet during the process of slow
eruption an obstacle in the shape of an arch of the longitudinal mag-—

netic field (Figure 24b). As a result, their further eruption is tempo-
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Hanging
incomplete Leg

Fig.23. fAn initial phase of formation of a QF - emergence of a magne-—
tic rope +forming the longitudinal component of magnetic field of the
prominence. *

Fig.24. Schematic diagram illustrating the dynamic model of formation
of GPs (Rompolt, 1987).

Fig.25. Two extreme kinds of arrangement of the feet in éPs, b — the
most typical arrangement of fibrils’ feet in ARP‘s
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rarily stopped, the lcops become linked to the rope forming a system of
transversal magnetic filaments, and develope a central sag (Figure 24c
and d}. The ffiaments forming that transversal magnetic system become
partly filled - in their sag part 1linked to the arches — by cool and
dense plasma. Such a transversal magnetic system of filaments partly
filled by cocl plasma, when seen in projection against the sky plain,
displays a form of the "curtain®.

Phase III: The magnetic structure of a well developed GP (Figure 22)
formed in the phase II (Figure 19) 1is occasionally transformed into a
huge magnetic arch with twisted ahd/or intertwined fine filaments. The
old OPs are aoften of that shape (Figure 21a and b). The complicated
magnetic structure of the prominence developed in phase 11 evolves into
a rather simple arch-—structure. This could be caused by magnetic field
reconnections between the fine magnetic filaments of two magnetic sys-—
systems (longitudinal and transversall) of a well developed QFP, fofced
by the anti-parallel mass motion in the prominence channel. AfAs a rule,
the old arch-—shaped GFs undergo the eruption.

fAiccording to estimation by Saitoc and Tandberg—Hanssen (1273) the to-
tal mass of the solar corona is insufficient for supplying more than S
well developed GPs. Another estimation by Priest (1984) shaows that the
mass defect in a coronal cavity is insufficient by an order of magnitu-—
de to account for the mass of a GP. Thus in opinion of Tandberg—Hanssen
(1974) material revealed in GPs must continuously be supplied to these
objects from below, from much denser regions. If one takes inte account
the filamentary structure of GPs this mass deficit is not so crucial,
nevertheless, it is still significant.

One reasonable possibility of a mass supply from below 1is a siphon
mechanism originally proposed by Pikel ‘ner (1271) and modified by Eng-
vald and Jensen (1977), Priest and Smith (1979), Ribes and Unno (1980},
and Poland and Mariska (1986). fAccording to the siphon mechanism the
pressure deficit in the sag part of the loops where the condensation
comes into being causes the plasma at the footpoints of the loops to be
sucked into the loops. The siphon mechanism although effective in sup-—
plying the mass into the prominence does not explain how the sag in the
laoops could be formed. In the model proposed here (originally Paper
II11) +the sag in the loops of the transversal system of magnetic field
of a QP is formed in a natural way by an obstacle (longitudinal rope)
being met by the slowly erupting loops spanning the regions of opposite
magnetic polarity (Figure 24). Therefore, in the frame of this model
the siphon mechanism could be responsible mainly for the formation of
the "curtain" part of the prominence.

Anather possibility for the mass supply from below to a GP could be
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the mass injiection into the lcoaps forming its transversal system of
magnetic field. Such & mechanism of mass injection wes discuesed by An
(1985). An et al. (1984, 198BRa.b’d, and Foland et al. (1956},

Opeservations of behaviour of long-lived filaments resulted in detec—
tiaon by the Meudon Group of soc called "piveot points" (Escaut-Soru et z&1.
1984, Soru—-Escaut et 21.198&). The "pivot points" represenit small areas
within a filament body which rotate rigidly i.e. independently of lati-
tude with the Carrington rotational velocity. An interesting feature of
these "pivot points" is that the filaments do rotate around them during
two or more successive solar rotations. In the frame of the model of
GFs formation presented here a "pivot point" seems to be one of the
longitudinal rope lecs which is anchored much deeper in subphotospheric
lavers as the others (deeper than the legs depicted inm Figure 23) (cee
&lso Mowradian and Soru—Escaut 1989).

The legs in OFs are arranged either along their axial lines like in
Figure 2832 or cide by side as in Figure 28h. The legs arrangement of
Figure 25a seems to be typical for relatively young prominences that of
Figure 25b for older ones. Taking into account that mast of the @Fs
lege are rooted in junctions between the supergranular cells - or in so
called downdrafts (Ptocieniak and Rompolt 19272), the legs arrangement
of Figure 25b could be caused by horizontal rotation of supergranular
cellis. Such a horizontal rotation may be expected as a result of joint
action of the differential rotation and Coriolis force. The supergran-—
ules should rotate in one direction on one sun’s hemisphere and in op-—
posite direction on the other one. The most typical arrangement of fi-
brile’ legs in ARPs is that of Figure Z5b. A magnetic reconnection in
the legs of a prominence longitudinal rope, arranged as in Figure 25b,

leads to a direct transformation of the rope into a spiral structure.

8. VARIOUS SHAPES OF GQUIESCENT PROMINENCES

OFPs display & wealth of shapes depending on their age, the angle of ob-
servation and their virtual differentiation. The aim of this Section is
to turn attention of the Colleagques studying the prominences, especial-
ly those involved in theory and prominence modelling on a quite great
variety of the forms and fine structure arrangements in GPs.

The most conspicuous @Ps are those which are bright and sufficient-—
ly large. Such objecté are usually formed by a great number of fine
filaments densely packed in the main prominence body. The fine filamen-—
tary structure is hardly recognizable against the bright and more or

less homogeneous background, but sometimes it is distinguishable at the
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/edge of the prominence. A few examples of the @GPs of this kind is pre-—

sented in Figure 26. Note that the prominence in Figure 26c has a very
bright and well shaped system of fine filaments forming the "curtain®
part,; but only faintly outlined arches formed by the longitudinal mag-
magnetic rope. The prominence in Figure 26d seems to be built from the
threads of mainly vertical orientation.

GPs of this kind are for spectroscaopists the favorite objects for
taking the spectra — their large brightness allow to shorten the expo-—
sure time. Such spectra contain, of course, saome physical information
on the state of the plasma but, anortunately, from a number of fine
filaments occuring along the line—of-sight. As a result of a possible
different inclination of the individual filaments to the line—wof-—sight,
and the mass flow observed in these filaments, the resulting line pro-
files should be more or less affected by the Doppler shifted spectral
features from these individual fine filaments.

Some well developed (GPs seen edge—on or some young prominences are
in a form of a tree trunk [according to Menzel and Evans (1?233) classi-—
fication type ANbl. Two examples of a tree trunk like prominences are
demonstrated in Figure 27. The prominence of Figure 27a consists of at
least four vertical fine filaments. One can easily 5erceives that every
one filament is formed by a chain of tiny knots. Engvold (1976) claimed
that the fine filamentary structure of GPs is filled up by small knots
which are only seen under excellent seeing condition. I am inclined to
believe, however, that the efficiency of space filling by the matter in
prominence fine filaments (by knots or continuously distributed matter)
depens wupon the amount of the matter actually available for the fine
filamentary structure formation. The prominence of Figure 27b displays
several small loop structures in its upper part. The nature of these
loops 1is not quite recognized. They could be shaped by an effect of
projection of the properly bent loop s%ruétures seen nearly edge-on.

Some prominences appear in a form of a well defined arch structure -—
see Figure 28. The arches cansist of thick leqs where the fine filamen-—
tary structure is usually oriented more or less vertically and of an
upper part in the shape of a bow with prevailing horizontal arrangement
of micro—filaments. There is na clear evidence here for a "curtain®
system of fine filaments. The prominence in Figure 28a has a thick well
shaped top part of the arch where the fine structure is oriented mainly
horizontally — note that some fine filaments seen at the edge of the
arch are stretched parallel to the limb. On the other~hand, the promi-—
nence of. Figure 2Bb shows in the top part of the arch a set of twisted
and/or intertwined fine filaments. The prominence in Figure 28c con-—

sists of two arches strongly differing in height and extension - this
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a B8%9.06.23 0833 b 89.05.18 1439

c 85.08.03 0548 d 85.07.22 0453

Fig.26. Various shapes of GPs displaying bright dense body formed by
tightly packed fine filamentary structure (LC-Wroclaw).

a 89.06.27 0948 b 83.06.24 0926

Fig.27. Tree—-trunk like GPs exhibiting filamentary structure (LC—¥Wro—
claw). The fine filaments forming the prominence in a consist of a num-—
ber of tiny knots.
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a 87.02.10

b 82.10.02 1013 c 89.06.29 1021

d 89.10.25 0714 e BL1.08.06 0925

Fig.28. (Ps showing a well defined arch—structure {(LC—Wroclaw).
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is not an effect of the perspective, the prominence was stretched along
the limb. The span of the smaller arch is on the order of the diameter
of a supergranule, and of the larger aone twice as large.

Some GPs do exhibit a quite loose structure where one can easily
distinguish the individual fine filaments (Figure 29). It does not look
like an effect of the amount of available material to be condensed in
the prominence but rather a characteristic property of the prominence
of this kind to be composed from a small number of fine filaments only,
digpersed over a large volume. The prominence in Figure 2%a has only
one well formed leqg. Its fine filaments instead of being converged in
another leg are anchored at some separate points spreading over an area
of the soclar surface. The fine filaments in the prominence of Figure
Z2%b seem to be twisted into a large—scale spiral, whereas those in the
prominence of Figure 2%9c are individually twisted into small-scale spi-—
rals.

Another example of a @GP of a loose internal structure is presented
in Figure 30 where clear changes in arrangement of the fine filamentary
structure during & period of 7 hours are remarkable.

Some Q(Ps exhibit solely the vertically arranged fine filamentary
structure — see Figure 31. One most conspicuous praominence of this kind
is shown in Figure 3la. The whole prominence consists of more or less
vertically oriented threads and there is any evidence for a longitudi—
nal system of magnetic field (for the longitudinal rope forming the
arches). Realizing that the prominence was exactly on the limb and par-—
alleling it one may suspect that the longitudinal magnetic rope of the
pro@inence, if exists, is just submerged below the chromosphere. Thus
we see the uppermost protrusion of the prominence only, that means the
"curtain®” part of the prominence. On the other hand, the terrier-like
prominence of Figure 31b displays a "curtain® part composed of verti-
cally stretched fine filaments which some of them are anchored in the
legs and some aothers are linked to the top part of the arches which are
here very faintly outlined. Thus, among the @Ps there are also promi-
nences with solely vertical arrangement of the fine filamentary struc-—
ture. Taking into account the recent controversy on the dominant direc-—
tion of the magnetic field in BPs it would be of interest to recall
here an-opinion by Ramsey (1977) that prominences appear to be made up
of predominantly vertical threads.

A part of OPs clearly reveals horizontally aligned fine filamentary
structure. Such prominences are shown in Figure 32 (see also GFs in
Figure 28). Here the horizontally stretched fine structure is distinct-
ly seen between pairs of well separated prominence legs. Nevertheless,

in prominences of this kind there are also places of predominantly ver-
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a 8%.05.17 1020

b 82.09.08 1057 c 89.10.24 1123

d B89.05.19 1455 e 89.08.06 0824

Fig.29. @Ps of a loose filamentary structure (LC-Wroclaw).
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a 0725 b 1&Z2

Fig.30. Changes in fine filamentary structure of a GF of 1984.04.19 in
a time interval of aboult 7 hours (LCWroclaw).

a B82.06.04 0709 b 83.07.22 0743

c 88.08.01 0840 : d 84.10.06 0922

Fig.31. G@Ps having the fine filaments of a vertical arrangement only
(LC—Wroclaw) .
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a 8%.07.22 0708

b €1.09.05 0811

c B88.08.09 1129 d 89.05.25 0630

£ 85.07.22 0717

Fig.3Z. 0OPs with a pronounced horizontal arrangement of the fine
structure (LC—Wroclaw).
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Rompclt: Small Scale Structure and Dynamics of Prominences

tical arrangement of fine filaments, namely — in legs. The prominence
in Figure 3Z2f has only cne well developed leg and horizontally aligned
rape consisting of & couple of fine filamsnts. Evidently there is not

enough of sufficiently conl and dense material in the another part of
the prominence arch to be visgible in Ho.

The GFs having the legs well made up (again of mainly vertically o—
riented filamentary structure) but faimt horizontal interconnection are
presented in Figure 33.

Some OPs exist anly in a form of the strongly uplifted legs. GSuch
prominences are demonstrate in & series of pictures in Figure 34. The
obiects of this kind have legs much higher stretched in the corona than
the most of the GFs. Sometimes the fine filaments forming such an up-—
lifted lec are splitted teo sides, just above the chromosphere, forming
a small arch supporting the leg (Figure 34c).

At some citrcumstances, vyet not fully recognized, the GPs built a
tall uplifted structure (chimnef), towering +from the main prominence
body. 6 few Ha pictures cof the prominences displaying such an uplifted
structure is shown in Figure 35. The “"chimneys" shooting from the ﬁrom—
inences in Figuwres 35a,b,c seem to be formed by the matter condensed in
the low part of a system of vertically stretched fine filaments forming
& huge lcoop being elevated high over the prominence body. 0On the other
hand, the "chimney" in the prominence of Figure 353d 1looks like to be
formed by the matter condensed in the lowest part of a system of the
"inverse loops" (U-type magnetic filaments) overlying the main arch of
the prominence body. fAnother example of such a U-type magnetic system
one can find in Figure &d4g.

As has been mentioned earlier, the yagung @Ps are often in the form
of an individual arch. Sometimes, the horizontal part of a rope forming

such an arch is very thin - see Figures 36a and b.

?. PECULIARITIES IN QUIESCENT PROMINENCES

@3Ps do exhibit occasionally some peculiarities and quasi-—active phenom-—
ena being even not in an activated phase. In this Section some forms of
such peguliarities and/or quasi-activity will be shortly discussed.
Small-—scale impulsive events (brightenings) have been ideﬁtified in
QFs by Engvold and Malville (1977), Engvold et al. (1978), Malville
(1978) and Malville and Toot (1982) as a phenomenon appearing quite of-
ten. These brightenings have been found in about 40% of GPs. The char-
acteristic features of the impulsive events are: small size of about

1.5 arcseconds, mass 10° kg, velocities in the range 10 - 100 km s *
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a 87.02.10 O0E0OD b 84.04.14 1110

Fig.33. 0OFs with strong legs and faint horizontal connection (LC-Wro-
claw).

a Bz.03.24 08529 b 82.10.25 0927

c B85.07.22 0531 d B83.09.0&6 1420

Fig.34. GPs having mainly strong uplifted legs (LC-Wroclaw).
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a B8%.07.02 0851 b 8%.10.1i8 1133

|’

c 89.06.27 0730 d 892.06.25 1115

Fig.35. QOPs with an uplifted system of fine filaments (LC-Wroclaw).

a 88B.08.01 0900 b 83.05.31 1015

Fig.3&4. Young BPs with only one horizontal fine tube connecting the
prominence legs (LC-Wroclaw).
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{average: 35 km 5—1), energy from 1014 to 1cf° J and an average’ life—
time of about S minutes. These events are believed to be generated by
unstable current sheets between the discrete magnetic filaments forming
a GP (Malville 1978). Kurochka and associates (Kurochka 1967, Kurachka
and Ribko 1979, Kurochka and Kiryukhina 1987) developed an original
method of the hydrogen plasma diagnostic, based on the seqyential rum—
ber of the last well resolved line in the Balmer series and”the observ-
ed Balmer pre-continuum, enabling an accurate determination of the op-—
timum value of electron density at which a predominant part of hydrogen
lines is being formed. Kurochka and Kiryukhina (1987) found analyzing a
a domain of spectrum occupied by higher members of the hydrogen Balmer
series of a GF of 1972.08.13 that some prominence regions exhibiting
high electron density should be of a size 10 - 100 km and ocught to gen-—
erate radiation owing to their natural enerqy sources (like the flares)
whereas the bulk of the prominence matEfial shines through scattering
the radiation incident from the solar surface. Thus, the real intensity
of the small-scale impulsive events should be several orders of magni-—
tude higher than the observed orne owing to their subresolution sizes.
Another form of quasi-activity, observed in OPs ‘at some occasion, is
manifested by ejection of small surges in the prominence legs exactly
along the existing fine filamentary structures. The lifetime of such an
event is on the aorder of SEVEﬁal minutes. Sometimes, at very rare occa-
sion, material in a surge is observed to be ejected to a height greater
than the visible upper edge of the prominence. It looks like the mate-—
rial is being ejected along an arm of an arch shaped magnetic rope or
an individual fine filament stretched much higher into the corona than
the other magnetic filaments forming the magnetic skeleton of a @GP.
Some OPs seem to be formed by many small-—scale loops. As an example
may serve the prominences presented in Figures 37, 38 and 39 (see also
Figure Z7b). One can notice that the upper edge of these prominences is
shaped by a number of quite small loops. The exterior diameters of the
=emall-scale loops measured in projection against the sky plane are in
the range 3.5 — 5.0 Mmn, whereas the diameters of their fine tubes are
from 0.7 to 1.5 Mmn. Of course, the real exterior diameters of the loops
could be larger in the caséu when the apparent measured diameters would
be affected by a view angle effect. The QPs showing a system of small-—-
scale loops at their upper edge are rather rare phenomena. Such a sys-—
tem of small loops has been also cbserved by Simon et al. (1986b) in a
OPF of 1984.10.15. On the basis of Hx abservations they found that the
filament is formed of many small-scale loops, having the radii of 1 Mm,
anchored at many different footpoints that are not exactly aligned with

the filament axis.
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Fig.37. AR crocodile—-like QP on Fig.38. Several small loops at
1269.11.21 <chowing a system of the left upper edge of a QF of
small-—scale loops (LC—-Kislovodsk). 1985.07.22 at 0520 (LC—Wroclaw}.

Fig.39. A hor=ze-like prominence showing a number of small-scale loops
on its "back" (S5C—Hroclaw).

Fig.40. A loop with a "hedgerow" Fig.41. A BP and small loops newly
system of fine filaments stretched emerged on 1983.06.1 (LC—Wroclaw).
agut From the taop part of the loop The width of the fine structure of
(SC—Wroclaw). loops is smaller than of the QF.
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A "curtain" or "hedgerow" system of fine filaments 1is developed not

only in GPs. At some rare occasions such a system can also be found on
the top part eof an individual loop stretched in an active region. Such
a loop with a "curtain®" on its top is presented in Figure 40; another
example of this kind one can find among the prominences shown by Evers-—
hed (1913, her Flate 15 and Figure 22). The phenomenon seems to be very
similar to one arch segment of a well developed GP where the transver-
sal component of the prominence magnetic field forming the "curtain” is
extending up from the top part of an arch of the longitudinal magnetic
rope. Thus, it is very likely that the "curtain" stretched from the top
part of the loop discussed here could be also formed by a sysfem of
loops transversally oriented to the loop and slowly expanding from un—
derneath the locop. Such a system of transversal loops while slowly ex-—
panding can meet on its way, similarly as in the case of formation of
fhe @Ps (see Section 7)), an obstacle — a magnetic rope of the original
loops; as a result, the individual locops of the system are converted in-—
to the loops with a sag where the material sucked or injected at the
footpoints is being cooled forming just a Ycurtain”.

The fine filaments forming some QPs really exhibit a diffuse struc—
ture of a width which is certainly not soc narrow as we generally used
to believe. In Figure 41 there is a OGP with distinctly seen fine fila-—
ments and the leoops of a newly emering magnetic flux in front of it. It
is easily remarkable that the width of the fine structure of the QP is
much wider as the width of the loops. Thus, the observed diffuse char-
acter of the prominence fine filaments is a real fact in this case, not
caused by the atmospheric smearing, as one were be inclined to believe
if there would be no the fine loops in the same limb region. The meas-—
ured width of the diffuse fine filaments of the @GP are in the range 2.0
— 3.0 Mm (3-4 arcseconds), whereas the width of the fine loops are of
0.9 — 1.1 Mm (~1.5 arseconds) only. The observed large scattering of
the widths of the fine filamentary structure in the GPs, covering one
order of magnitude (from ~0.3 Mm to several Mm, see Section &), is
probably due to different strength of the magnetic field in the fine
magnetic filaments forming thegg objects.

Occasionally some fine filaments in @Ps undergo an abrupt brighten-—
ing. The nature of this brightening is not fully understood. Some of
brightenings could be explained on the ground of the Doppler brighten—
ing effect (Rompolt 19467a, 1967b, 1973d, 1980a, 1980b, 1980c; Hyder and
Lites 19703 Ciurla and Rompolt 1975, 1977; Rompolt and Ciurla 19763
Heinzel and Rompolt 1984, 1987; Heinzel et al. 1986) provided that the
material in individual prominence fine filaments has been forced to

move with a speed higher than 30 km st. such a brightening could be as
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Rompolt: Small Scale Structure and Dynamics of Prominences
well stimulated by an abrupt density increase in a fine filament and/or

by a temperature adjustment to an optimum value for the hydrogen lines
formation. Here I would like to present another unusual case of a fil-—
ament brightening occcured in an activated QF -~ Figure 42 a—-d. This fil-—
ament brightening was caused by an interaction of & newly emerged sys-—
tem of magnetic loops with a horizontally oriented prominence fine fil-—
ament. In Figure 42a a strongly brightened filament is clearly seen. At
that time an expanding arcade of tiny loops, unvisible up to now proba-—
bly for lack of sufficiently dense material within the loops, comes in—
to a-close contact with the prominence filament and activates it (by a
partial reconnection ?). Az a result the material contained in the fine
filament penetrates into the individual locops of the arcade and starts
to flow down to the chromosphere what is seen in Figure 4Zh. On the o—
riginal negative of this picture (b)) the system of individual loops
forming the arcade is clearly seen. Several minutes later, Figure 42c,
the system of loops after some simplifications has expanded higher into
the corana. Half¥ an hour later the averall structure of the prominence,
initially quite complicated, undergoes simplification being transformed
into an arch (Figure 42d) which consists of a number of fine filaments.

One of the key problems in physics of prominences is knowledge of
the filling factor by which the fine small-scale filamentary structure
fills a large-scale prominence structure. Determination of the filling
factor is not a straightforward task, mainly because there is a general
lack of high resolution prominence pictures where the individual fine
filaments, not screening one another, could be clearly discerned. Here,
I try to give an evaluation of the filling factor for the filamentary
fine structure contained in a GP leg. UOne of the best high-resolution
Ho—picture of a well developed QP ever obtained, was taken at the BRig
Bear Solar Observatory — see Figure 43. The central leg of the promi-
nece consists of five well resolved fine filaments, each of a measured
diameter of about 0.35 Mm, distributed over a width of arocund 3 Mm. So,
accepting a cylindrical symmetry for this leg, one can find that the
filling factor is of about 0O.1.

fis has been mentioned earlier, the fine filamentary structure in GPs
is sometimes seen to be twisted or intertwined on a micro or macro-—
scale. _Prominence material spiralling along filaments twisted into he-—
lices does exhibit a kind of rotational motion. For a comprehensive re—
view see Rompolt (1975a and b).

A macro—-scale rotational motion has been reported by Zirin (1978)
and Liggett and Zirin (1984) in some regions of @Ps (see Figure 44).
The rotational velocities observed in the plane of sky in six promi-—

nences were in the range 12 — 75 km 5_1, and these observed along the
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c 0738 d 0812

Fig.4Z. A peculiar brightening and activation of a filament in a prom-—
inence of 1982.07.07 (LC—Wroclaw).

-

Fig.43. The fine filamentary structure in a well developed quiescent
prominence (courtesy F.Tang}.
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. 31 JULy 1878 .,

26 NOVEMBER 1377
b

Fig.44. Macro-scale rotation of
plasma found in prominences by
Liggett and Zirin (1984).

§ y
S mm - Hionn

15 39 00 '. | {5 $4 00

Fig.45. A process of unwinding of a set of fine filaments in an old
arch—shaped GF originally twisted (courtesy H.Otavsky and B.Valnicek).
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line—of-sight in the range 4 - 40 km s '. The size of the reqgions ro—

tating in the plane of sky ranged from (1.5 x ?) Mm ta (30 x 104) Mm.

Gigolashvili (1978) deduced on the basis of deconvolution of some
complex Hx as well as Ca II H and K line profiles into the Gaussian
components, and the subsequent analysis of the velocity field derived,
that a number of @Ps observed in the northern solar hemisphere display
a left—handed spiral while those in the southern — a right-handed aone.

Rotational motion on a micro-scale, caused by flow of material along
some fine filaments twisted into micro-spirals is ohserved in GPFs at
some occasion (Chman et al. 1968,.R0mp01t 1975d). This kind of motion
is more often observed than the macro—scale rotational motion. The ve-
locities of micro—scale rotational motions are in the same range as ve-—
locities usually observed in the fine structure of OPs (see Section &).

Two examples of macro-scale twisting of the fine filaments in gquies—
cents are presented in Figures 45 and 46. The system aof fine filaments
of an arch shaped ocld type prominence in Figure 45 is evidently twisted
at 15 31 00 UT. On the next seguence of pictures a process of unwinding
which lasted for several minutes only, is clearly seen. Such process of
unwinding of initially twisted fine filaments 1is rather a commonly ob-
served phenomenon. It would be interesting to note, however, that I had
never seen in my practice a reverse process in the corona — I mean, a
process of twisting in, neither of an isclated prominence fine fila-—
ment, nor a bundle of such filaments. In Figure 46, on the other hand,
ane can see two ropes noticeable twisted. Every one of the constituent
ropes consists very likely of a set of the fine filaments which being
tightly packed in the ropes cannot be seen separately as the well re-—
solved structures. One can guess, however, from a number of tiny knots
clearly seen alaong the extension of every one rope that the ropes are
really formed from a cluster of finer structures.

The fine filamentary structures in @Ps is quite often seen as being
twisted into the micro-spirals (Rompolt 1975b). These small-scale spi-
rals are especially well seen during an activation phase of a QF or an
early phase of eruption. In Figure 47 a couple of fine filaments in the
form of micro-spiral is easily identifiable in a prominence recorded
during its early phase of eruption.

The problem of identity of the quiescents fine structure observed in
different spectral lines formed at different temperature regimes is vyet
a rather open question. However, the fine structure seen in different
but low temperature lines is in most cases identical. As an example may
serve two high resclution filtergrams presented in Figure 48 of a small
well developed OGP taken by S.Kautchmy in the hydrogen Ha and helium D3

lines with the Solar Vacuum Telescope at Sacramento Peak Observatory.
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Fig.46. Two intertwined macro-ropes in a QF of 1970.10.02Z (courtesy of
V.V.Makarova and Yu.V.Platov, LC-Kislovodsk).

-

Fig.47. Micro-spiral filaments seen during the early phase of eruption
of a BP — a negative print ({(courtesy G.M.Nikolsky and Yu.V.Platov).

Fig.48. A small well developed OP displays the same fine filamentary
structure in Ha (left) and He I D3 (right), (courtesy S.Koutchmy).
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i good correspondence between the fine filaments seen in both filter-—-
grams is remarkable. Note, that the chromosphere in the D3 line is moré
diffuse than in Hx and screens the bottom part of the arches. Here, the
longitudinal magnetic rope of the prominence forming the arches is dis-—

tinctly markec.

10. ERUPTION OF QUIESCENT PROMINENCES

As has been evidenced in Paper I, éruption af @Fs as well as of the as-—
sociated coronal mass ejections (CMEs), is forced by a common cause,
namely, by eruption of huge magnetic systems (HMSs) from the solar sur-—
face out to interplanetary space. Cocl and dense plasma of a GF is in
most cases frozen only into a part of such a HMS (e.g., see Figure &0)
— before as well as during the eruption. So, the HMS when erupts simply
lifts with, the frozen—in prominence material.

The process of eruption of a QF starts, in my opinion, when the HMS
into which the prominence is originally frozen—-in, is somehow slichtly
lifted and disturbed, 2.g9., by a new emerging magnetic Fflux. In conse-—
quence, the equilibrium state of the prominence magnetic skeleton is
disturbed, and a part of the material flows down from the skeleton to
the chromosphere - this phenomenon is often cbserved at the very begin-—
ning of the eruption of a GP. As a result, the HMSE becomes a bit light-
er and starts to lift up. In course of time, more and more of the lift-—
ed prominence material flows down, discharging the system, and the HMS
ie forced to erupt with an increasing acceleration. In my estimation,
usually, during the efuption of a BGP, a significant part of its initial
mass flows down to the chromosphere.

There are at least three possibilities for the initiation of erup-—
tion of a HMS, which begins by its local lifting and/or disturbance.

1. — Strongly sheared transversal magnetic field of a GF, by the large-—
scale mass mations in the prominence channel ; undergoes some reconnec-—
tions with the longitudinal magnetic field. In consegquence, the magnet-—
ic system of the prominence is simplified and transformed intoc a huge
arch which erupts owing to the magnetic tension.

2. — An emergence of a new magnetic flux in the region adjacent to or
immediately below a GF exerts a thrust, and forces some reconnections
and transformation of the prominence magnetic system into a huge erup-—
ting arch. '

3. — AR large—scale magnetic field being continuocusly generated in the
sun, flows up from the subphotospheric layers to the solar surface, and

exerts a pressure on an existing HMS. In consequence of a slight lift-
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ing of the original HMS, its mass—magnetic field balance is disturbed
and the HMS is forced to erupt.

A common feature of the @Ps and ARPs ic that their eruption proceed
in & very similar way. Both kinds of prominences start to erupt with a
slow speed an the order of a few kilometers per second and continuously
accelerating reach a velocity on the order of several hundreds of kilo-
meters per second. In Figure 49 a time-height diagram for eruptions of
a number of OPs as well as ARPs is given together with an inset making
possible the velocity evaluatien. The individuzl time-height dependen—
cies are constructed in such a way that the zero-height level is taken
at the top of every one prominence while in a stable state just before
the eruption. The all time—height curves Ffor the ARPs eruptions are
grouped in the left—thand side half of the diagram, whereas some for the
GPs are spreading far to its right—hand side half. This curiosity means
that the ARPs undergo eruption in much shorter time interval than the
QPs do. Thus, the ARPs attain a given height in corona much faster than
the GPFs ones. The phenomenon discussed seems to be caused by the larger
gradients and tensions of the magnetic field in active regions.

The amount of the mass flowing down to the chromosphere and its rate
and direction of motion during an eruption depends upon the location of
the prominence material within an erupting arch, the velocity of erup-—
tion at a given time, the large-scale geometry of the arch, and the
cshape of the fine magnetic filaments forming the arch (twisted or not).
The balance of velocities involved in an eruption is schematically ex-—
plained in Figure 50. The slowly erupting prominences can carry down to
the chromosphere a great part of their original matter, while the fast
erupting ones only a small part if any.

As has been already mentioned the process of eruption of the @GPs as
well as ARPs proceeds initially with a slow speed of a few kilometers
per second which is subsequently increased with the lapsed time up to
several hundreds of kilometers per second. For some eruptives, however,
some authors report a constant velocity during all the cbserved process
of eruption what is manifested by a linear dependence on the time—alti-
tude diagram. The velocity behaviour of this type 1is usually observed
during the eruption of such prominences which were not seen on the limb
in a stable state just before the eruptioen - it means that the promi-
nences were situated before the eruption behind the solar limb or on
the disk near the limb but well below a line-of-sight crosing the limb
(see Figure S1). In the case of such a location of these prominences we
cannot see the low-velocity phase of their eruption.

It is generally known that @QPs are located at the base of coronal

helmet streamers; this means that above the magnetic skeleton of a QP
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Fig.49. The time-alti-
tude diagram for erup-—
tion of the gquiescent
and active region
prominences. The zero—
level is accepted at
the top eof every ane
prominence being in &
stable state just be-—
fore the eruption.

Fig.30. Schematic re-—
presentation of the
balance of velocities
involved in the process
of prominence eruption.
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Fig.S1. A scheme showing why during
prominence abservations on the limb
we didn’t see at some occasions an
early phase of the prominence erup-
tion and by inference the low-veloc—
ity part of a time—altitude curve.

81

Hvar Observatory, Faculty of Geodesy * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1990HvaOB..14...37R

'03
™,

Flo: N

1
(=]
(=]

!
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is stretched ancther much larcer magnetic system of helmet arcades (see
Figure S2). The process of eruption of & QF becomes much more compll-—
cated i+ we realize thsat during the eruption an interaction of these
two magnetic systems should take place. Certainly, the magnetic system
of arcades is siretched away and distended by the erupting HMS. It is
natural to believe that durinc the eruption a process of reconnection
af a part of the finme magnetic filaments of the both field systems must
lead to a simplification of the whole magnetic configuration. Ps we see
later the process of magnetic reconnections cseems to play not a very
important role in the procese of interaction of these two magnetic sys-—
tems.

As a result of a detailed analysis cof the geometry, the characteris-—
tic evolutionary changes and the location on the limb o©of the eruptive
prominences (EFs) observed with Ho-coronagraphs at the Wroclaw Observa-—
taory, and of the CHMEs recorded in white light by coronagraphs on board
of the SKXYLAR, P-78 and SMM satellites, I came to a conclusion that two
types of the eruptives can bhe distinguished.

) The EFs which during the eruption are seen in the shape of a larage
arch (Figure 53). Thie large arch is formed by a number of fine
filaments often twisted or intertwined (see Figure S5). The erup-—
ting arch-—shaped HMS is nearly fully Ffilled by a cool and dense Ha
material. The EF of this type is located just in the lower part of
the associated CME big bubble (Figure S54).

II} The EFs which erupt in one arm of the ascsociated HMS change with
time during the eruption the inclination of their main body from
being roucghly parsllel to the limb at the beginning of eruption up
to being perpendicular to it in the late phase of eruption (Figure
63 . The phernomenon loaoks as it were there not enough of the cool
and dense material in the remaining part of the HMS arch to become
visible in Ha (see Figure 60). The EF of this type is located in
aone leg of the associated CME big bubbkle somewhere near its inter-—
nal boundary (Figure &1). '

During the process of eruption of some EFs a system of very fine lcaps

is seen in a late phase of eruption. This is one of spectacular argu-—

ments giving the evidence on eruption from the sun of the HMSs (for the
other arguments see Faper 1). ‘

In the following two examples illustrating type I eruption from the
sun are given. One demonstrating an unwinding of initially twisted fine
structure of a small young QF of 1982.09.16 into a system of fine loops
is shown 1in Figure S56. The diameter of the thinnest fine loops seen in
Figure 56c is of about 0.25 Mm (1/3 arcsecond). Note that the fine fil-

aments of the GF unwound into a system of loops at a height lower than
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Fig.52. Magnetic systems of a well developed QP

in the vertical extent) and the averlying helmet arcades (Paper I}.

Fig.53. Schematic illustration of
the type I eruption of an ARP or a
@F, where the prominence material
fills the whole erupting HMS.

Hvar Obs.Bull. 14 (1990) 37-102

Fig.S4. Location of a cool and
relatively dense prominence ma-—
terial within a coronal mass e-—
jection (CME) big buble struc-—
ture during the type I eruption
(cp. with Figure 53).
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J

.12.19 cduring the type I eruption filling whole
ated HMS with material emitting in the He I1I 30.4
cusey, Naval ,Research Laboratory).

Fig.S5E5. A BF of 1973
the arch of the assco
nm line -{courtesy K.

3

L
i

c 1019 d 1025

Fig.9&. A small young GF reveals during the eruption a system of fine
loops at a relatively low height in the corona (LC-Wroclaw).
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Rompolt: Small Scale Structure and Dynamics of Prominences

40 Mm (1720 RO) sbhove the photosphere! At such a height, we bhelieve,
there is nao magnetic field structures ascsociated with an overlying hel-—
met arcade. Thus, the eyetem of fine loops observed in & late phase of
erupticn of this voung GF should be not the result of the reconnections
hetween the both magrnetic systems of the prominence and the overlying
helmet arcade, as has beern mentioned earlier. 0On the basis of a number

of the very cimilar eruptions cbserved-: I came to a conclusion that the

)]
~.<
1h
rt

em of finm=2 loops visualized during the eruption seems to be thus

3

aturally invoived in the magnetic skeleton of =& GF hefore the erupticon
what 1s in agresment with the GF model presented in Section 7.

Another example of the procese of unwinding during the eruption intco
a system of fine loops, but of an old type arch-shaped 0F, i1s shown in
Figures 57, 58 and 5%. The prominence fine filaments originmally inlter-—
twined into a huge arch (Figure 57) were ocbserved as twisted structures
during the eruption (Rugdjak and Vrsnak 1981, Rusin and Rybansk; 1REZ,
Faper 1, House and Rerger 1987, Vrenak et al.1988). In a later phase of
eruption this huge arch underwent untwisting into a system of clearly
visible loops (Figure 58 and 59}, but at large coronal heights (2-3 RO)
in this case (Faper I, House and Berger 1987). The eruption has been
observed within the coronal altitude range 1.6-4.5 Ro by the SMM Coro-
nagraph/Folarimeter (Figure S€), and within the range 2.6-106.0 RO, with
a worse spatial resolution, by the SGLWIND coronagraph on board of the
F78—-1 satellite (Figwe 59). For this eruption the cool and dense Hx
prominence material has been folliowed up to the distance of 10 RO, what
was observed for the first time.

A= has been mentioned previcusly a classical example of the type II
erupticon is the EF of 1979.05.082 presented in Figure 63. The southern
extremity of the prominence was anchored in the photosphere during all
the time of eruption at S§58-% - while the center of symmetry of the ac-—
companied CME big bubble was located at S30-W (Figure 56Z). The {first
manifestation of the CME above the SOLWIND coronagraph’s occulting disk
at 2.6 Ro occcupied the region from S15-W to S60-W and later on even up
to S65-4W. During all the process of eruption the EP was anchored in the
southern leg of the CHME. Note, that the inclinantion to the limb of the
prominence main body changes in a manner as if the prominence were be
really frozen—in into one arm of an erupting HMS arch (see Figure 63).

Finally I would like to show and discuss some eveolutionary peculiar-—
ities of three EPFs of May and June 1989, displaying during the eruption
a very rich and complicated fine filamentary structwe. In my cpinion,
the present sclar cycle generates a great deal of magnetic ropes con-—
sisting of much more constituent fine magnetic filaments as the previ-—

ous cycles did.
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1115 Gy

11351

1L, 23 155 U6

- . 4

1010 48

Fig.57. Type I eruption of an old @GP (SC-Wroclaw). The fine filamen-—
tary structure of the prominence originally twisted into a huge arch
unwinds into a system of loops high in the corona (cf. Figure 5S8b).
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a 1215 b 1316

Figq.58. Coronal mass ejection — a, and a system of loops - b, devel-
oped high into the corona during the eruption of an old OF of ‘80.08.1F
chown in Figqure 57 (courtesy SMM - Corconagraph Tedam, HAO, Bouwtlder) .

18 AUG. 1980

1404 ¥7 RTYI X))

g 1349 o7

1526 41 BRELLE }

&

;1808 0T

s

Fig.59. The same system of loops as presented in Figure $8b observed
by the SOLWIND Coronagraph at a distance of up to 10 R_ from the sun’‘s
center (courtesy D.J.Michels and N.R.Sheeley, Jr., NRL, Washington).
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Fig.60. Schematic illustration of
the type II eruption of an ARP or
GF, where the prominence material
fills only a part of the HMS.

 MAY 8,79

Small Scale Structure and Dynamics of Prominences

Fig.&1. Location of a cocl and
relatively dense prominence mate-—
rial within a CME big buble struc—
ture during the type II eruption.

Fig.62. A CME big buble associated with the type II prominence eruption

shown in Figure 63 (courtesy D.J.Michels and N.R.Sheeley,

88

Jre) .

Hvar Obs.Bull. 14 (1990) 37-102

Hvar Observatory, Faculty of Geodesy ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1990HvaOB..14...37R

atB.-.114> ~.37R!

[1o00

Rompolt: Small Scale Structure and Dynamics of Prominences

8 MAY 1979

ch’km

08 4840 0914 29

09 2839 09 5110

Fig.63. Type II eruption of a well developed GF frozen in only into a
part of its HMS (SC—Wroclaw).
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-8 MAY 1979 -

A W 18
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Fig.63. Continued. Type II eruption of a well developed GP.
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An cld GF which erunted on 198%2.05.17 was a high latitude prominence
belonging to the polar ocrown filaments. Its long filament when seen on
the disk on thet date was runmning nearly parszllel to the eaguataor Ffrom
a position of N&S somewhere at the central meridian up to N&O at the W-
limbk, then slightly bending toward the equator aftter crossing the limb.
The discussed phenomenon belonged to the eruptives of type I, where the
Ho—material was frozen—-in, at least in an early phase of eruption, into
one arm of an asscciated HMS (Figure &64a — 1032 UT). About half an hour
later the erupting HMS underwent most likely a ceollision with a magnet—
ic arch of an overlying helmet arcade — this can be guessed from a flat
arrangement of the uppermost Ha—material at the very top of the visible
part of the EF (see Fiqure &4b). This abstacle has been overcome in the
next Z0 minutes — as is evident from Figure &4d the uppermost part of
the EP is no more flat instead exhibits now a vertical arrangement of a
set aof isclated fine filaments. The extremely fine Ha—filaments reveal -
ing the fine magnetic structure of the low part of the associated HMS
are clearly seen in Figure 64c during an early phase of the eruption.
An interesting phenomencn has been recorded during the course of this
eruption, namely, a process of magnetic reconnections taking place at
relatively low coronal altitudes 1leading to formation of an upturned
arcade of loops, hereafter called the U-type arcade (Figure 64 e—-i).
Because of a rather slowly proceeding ervption the material is flowing
down to the chromosphere (cf. Figure 50 in a system of more or less
vertically oriented filaments forming the U-type arcade. This is quite
remarkable inspecting the pictures in Figure 64 e—+h — here the material
is seen initially to flow down along the fine filaments of the right-
hand arm of the U-type arcade only. With the lapsed time the material
is seen to be continuously pumped up into the system of fine filaments
aof the left-hand arm of the U-type arcade (Figure 6&64e-i} forming final-
ly a beautiful panache (see Figure 64 j and k). Now the material in the
right-hand arm of the U-type arcade 1is no more seen. FEruption of this
high—-latitude OGP seems to be worthy of notice alsc therefore that prob-—
ably a large two-ribbon (?) flare should take place some time during
the eruption. fAs it is evident +From the pictures 1in Figure 64 j-1 a
system of loops usually observed in dynamic flares (post—flare loops)
is seen to expand just to the left of the panache. Finally, it is wor-—
thy of mentioning that during a phase of eruption illustrating by Fig-—
ures 64 e and ¥ about sixty individual fine filaments were identified
an the original negatives across the right-hand arm of the U-type ar-
cade! Does it mean that about sixty fine filaments were involved in the
HMS just before the eruption?

Interesting fine structures have been observed during an eruption of
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e 1142 f 1152

Fig.64. Eruptive prominence of 1989.05.17 (LC—Wroclaw). Turn attention
to unusual fine structure of the prominence revealed during eruption.
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i 1215 - 3 1248

k 1311 1 1327

Fig.44. Continued. FEruptive prominence of 1989.035.17.
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type I of a well developed GFP on 198%2.05.24 at S21-W. The main phases

of the eruption are presented in Figure 65. During an early phase of e-
ruption the vertical arrangement of the fine filaments in the most mas-—
sive. right-hand part of the prominence has been preéerved. The top part
of the erupting arch of the HMS ic evidently twisted at 1045 UT (Figure
&65c). This twisting can also be distinquished much earlier during an
initial phase of eruption (Figure 65b) but is hardly to be recognized
before the eruption while the prominence was in a stable state (Figure
65a)Y. In a later phase of eruption the most massive part of the promi-
nence filling the right-hand arm of the associated HMS unwound inte a
huge spiral-—coil like structure {(Figure 65d) which during the next half
an hour was stretched out, what could be followed in a sequence of pic-—
tures not shown here. This stretching out of the previously coiled fine
filaments of the prominence is manifested in a late phase of the Ha—e-—
ruption by a system of fine filaments oriented vertically to the limb,
along which the material flowed down to the chromosphere (Figure &5e).
On tﬁe original negative of Figure &5Se one can identify more than twen-—
ty . individual fine filaments'! Again, does it mean that the HMS con-
sisted originally of twenty or so fine filaments?

The last event I would like to discuss is an eruption of type I of a
rather high-latitude (S46-E), well developed QF, on 1289.06.23. The GP
consisted originally of two well defined arches (Figure 66a) but only
the southern (left) arch underwent an eruption. Although, as we will
see in the following, these both arches were evidently linked together,
the northern (right) arch did not take part in eruption, being anly ac-—
tivated. At the beginning of the eruption after a slight expansion of
the prominence southern arch a funnel-like structure is easily seen in
the northern arm of the erupting arch (see Figures 466 b and c). This
funnel-like structure is formed by an evident twisting of two systems
of very fine filaments belonging te the magnetic skeletons of both ar-—
ches. Realizing that about twenty fine filaments, at least, of the mag-—
netic systems of both arches were twisted together, the narrow neck of
the funnel should be tightly packed by the filaments (Figure 6é&b). The
fine magnetic filaments involved in the funnel-like structure underwent
very likely a reconnection simplifying the magnetic situation in this
region fcp. Figures 66 ¢ and d). Now, one can perceive that in a rela-
tively short time interval, of less than 15 minutes, the funnel-like
structure has been transformed into a rope connected to the magnetic
system of the northern arch. Along this rope the prominence material
was observed to flow down to the chromosphere during the next 15 min-
utes. In mean time the erupting arch of the prominence unwound, as usu-—

ally, in a system of fine loops (cf. Figures 66 d—<f). Finally, the e—
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d 1115 e 1143

Fig.65. Type I eruptive prominence of 1982.05.24 (LC-Wroclaw).
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a 0919

c 0938 d 0952

e 10046 £ 1015

Fig.66. Eruptive prominence of 1989.06.23 (LC-Wroclaw) .

A reconnection
process took place in the funnel like part of the promine

nce, cp.c & d.
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rupting arch was stretched high intec the corona and some material was
seen flowing down to the chromosphere along the both aras of the fine
lcops (Figure &46F). The material at the summit of the loocps was lifted

further on into the corocna.

11. CONCLUSIONS

The GFs as well == RARFs consist entirely of fine filamentary structures
(sometimes not fully filled by the matter). Strictly speaking, these
types of prominences are formed by a syétem of fine lcops often twicsted
or intertwined within the prominence baody. At Limes these constituent
loops can be recognized during a stable state of the prominences, but
much easier they are seen during a late phase of their eruption. Such a
system of loops consists, in the case of the ARPs, of strongly sheared
fibrils or longer fibril-like structures Fformed of the fibrils by the
magnetic reconnection. In the case of GPs such fine icops form the lon-—
gitudinal rope of the prominence as well as its transversal system of
locops.- In well developed OFs these loops of the transversal system are
deformed into the loops with a central sag. Some parts of GPs and ARFs
are seen occasionally as bright more or less homogeneous regions — such
an appearance results in consequence of a rnumber of tightly'packed fine
filaments image of which is bluwrred by the atmospheric agitation.

Many models of (GPs and ARPs ignoire the fine filamentary structure of
these prominences and suppose that their body is homogeneous. Now, it
becomes more and more evident that the fine structure of prominences
and the motions associated with it cannct be ignored in attempis of de-—
termining of the physical state of plasma in these prominences. Inves-—
tigation of the transfer of radiation within the prominences, their
thermal stability, models of prominence formation, support and stabili-—
ty must take the prominence fine structure into account.

The process of eruption of the GPs, ARPs and the accompanying CMEs,
as well as the energy release >in same soalar flares at least, is most
likely caused by eruption of the HMSs from the sclar surface out to in-
terplanetary space.

The height of a coronal region where during an eruption untwisting
of the guiescent prominence fine structure into a system of distinct
loops takes place seems to depend upon the age of the prominence and by
inference wupon its size. All three kinds of the OGPs - young, well de-
developed and old ones — undergo eruption but the old prominences being
in the shape of a huge arch undergo eruption as a rule. fAccording tc

Zirin (1978) the prominences which exceed more or less 50 Mm in height
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are inclined to erupt and this eruption should take place within two
days after the‘prominence reaches the treshold height. It should be
noted, however, that deviations from the Zirin’s evelutionary principle

of OPs are oheserved aquite often.
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USTROJSTVO MALIH RAZMJERA I DINAMIKA PROMINENCIJA

Bogdan Rompolt

Astronomical Institute of Wroclaw University
Ul. Kopernika 11, PL 51-622 Wroclaw, Poland

UDK 523.987
pregledno predavanje

SAZETAK: Razmatra se fina struktura mirnih prominencija kao i prominen-
cija u aktivnim podrudéjima. Iscrpno se obraduje ustrojstvo fine struk-
ture t%jekom nastanka, stabilnog stanja i erupcije ovih prominenci ja.
gredlazu se dinamicki modeli koji mogu objasniti stvaranje kao i opa-
zanu finu strukturu u te dvije vrste prominenci ja.
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