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Abstract. Seismology has become a powerful tool in studies of the magnetic structure of solar
prominences and filaments. Reversely, analytical and numerical models are guided by available
information about the spatial and thermodynamical structure of these enigmatic structures. The
present invited paper reviews recent observational results on oscillations and waves as well as
details about small-scale structures and dynamics of prominences and filaments.

1. Introduction

The oscillating nature of solar filaments (called prominences when observed beyond the
limb) was first noticed as “winking filaments” (Ramsey and Smith, 1966). Subsequent
studies of periodic changes in the line-of-sight velocity in prominences beyond the limb
(Bashkirtsev and Mashnisch 1993; Balthasar et al. 1993; Molowny-Horas et al. 1997) and
as filaments against the solar disk (Thompson and Schmieder 1991; Yi et al. 1991; Lin
et al. 2003) have revealed a wide range of oscillatory periods. For an updated overviews
see Ballester (2006) and Banjeree et al. (2007).

Oscillations have become a useful tool for understanding the structure and properties
of the fascinating prominences and filaments (Oliver, 2001; Ballester 2006; Banjeree et
al. 2007). The reason is that periods, amplitudes, wave velocities and other characteris-
tics are inevitably closely connected with the magnetic and thermodynamic structure of
the oscillating bodies. Reversely, information on relevant thermodynamic and magnetic
structures and scales are essential for identification of types and modes from the observed
signals.

Prosperous development of solar telescopes and instruments, ground-based and in
space, combined with powerful real-time and post-processing techniques (van Noort et
al. 2005), have pushed the resolution limit close to 0.2 arc sec and led to an overall en-
hanced quality of now available solar observations. A brief review of observational aspects
of prominence oscillations follows below.

2. Spatial and temporal characteristics of Prominences and Filaments
2.1. Environments

White light eclipse images demonstrate that solar prominences are located within a dark
cavity under coronal helmet-like, magnetic arches (see Saito and Hyder 1968; Tandberg-
Hanssen 1998). The helmet streamer structure represents magnetic arches that are strap-
ping regions of photospheric opposite polarity magnetic fields. Seen against the disk solar
filaments are located above and run along this so-called Polarity Inversion Line (PIL),
i.e. where Bz = 0. Early soft X-ray and EUV observations (Serio et al. 1978; Schmahl
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1979) demonstrated that the cavities encompass the filaments and run along the polarity
reversal boundary in filament channels.

The assumed low density cavity constitutes a region in which magnetic field orientation
changes from largely along the filament channel to nearly perpendicular to the same by
the overlying arcades (cf. Martin 1998). The magnetic fields of coronal cavities serve a
key role in keeping the flat and non-bipolar filament field within the channels.

2.2. Spatial Structures

A typical solar filament is composed of a spine, barbs, and two extreme ends. The spine
defines the upper horizontal part of a filament. Barbs are lateral structures that extend
from some of the spine to the chromosphere. The ends, also called legs, may be a collec-
tion of threads that appear to terminate at a single point or at multiple points. These
components of filaments differ in appearance and relative importance in filaments in ac-
tive regions, in quiescent filaments, and in intermediate filaments. Intermediate filaments
are those between active region filaments and quiescent filaments, two categories at the
extreme ends of the spectrum of filaments (Lin et al. 2007).

Recent high-resolution observations by Lin (2005) and Lin et al. (2003, 2005) obtained
with the Swedish 1-m Solar Telescope (SST; Scharmer et al. 2003) show fine detail every-
where within filaments (Martin et al. 2007). Such high-resolution Ha images demonstrate
that filament spines, barbs and ends are all composed of thin threads. Figure 1 shows
two high resolution Ha filtergrams of quiescent filaments observed with Swedish Solar
Telescope, La Palma. The thread-like structures appear to be present in filaments every-
where and at all times. Martin et al. (2007) claim that the entire range of filaments that
have spines and barbs, from those in active regions to those on the quiet Sun, should be
amenable to theoretical description in a single model.

By inference, the ends of the filament are originating at the boundaries of positive
network fields and terminating at the edges of negative network fields. Because the field
direction in the barbs is consistent with the field direction in the spine, it is then implied
in the model (although not yet proven from observations) that the barbs terminate in
the minority magnetic polarity.

" SST 2007,/08/02 08:20:03UT

Figure 1. High resolution Hea filtergrams of two quiescent solar filaments obtained with the
Swedish Solar Telescope at La Palma. Left: Close to disk center August 22, 2004. Right: SW
quadrant August 2, 2007.
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2.3. Dynamics

Images of time series show a persistent flowing of the filament plasma along the threads
in both directions with typical speeds of 10-20 kms~!. This is usually referred to as
counterstreamings aligned with the magnetic field (e.g., Zirker et al. 1998; Lin et al.
2003).

Individual threads and groups of threads oscillate in the line-of-sight with periods from
less than one minute to several hours (cf. Engvold, 2004). Threads are also seen to move
sideways with a speed of 2-3 kms™! (e.g., Lin et al. 2005). The swaying character of
these sideways motions suggests that they might be a result of Alfvén waves or kink
oscillations (Engvold, Lin and Rouppe van der Voort 2008).

2.4. Thermal structure

The visibility, i.e. darkness, vary noticeably along the length of a thread as seen in Ha
against the background chromosphere. Some observed dark threads even appear detached
from the main body of the filament, as illustrated in the lower frame of Figure 1. This
might be accounted for by variation in absorbing contrast along a thread that imply
changes in temperature or density. Changes in contrast are thought to be a result of
moderate variations in temperature and/or density in the direction of the magnetic field.
The optical density of Balmer Ha is a function of the population of energy level n
= 2 in Hydrogen, which is proportional to electron density n? (Engvold 1980) and to
brightness temperature relative to the chromosphere below. Hence, moderate changes in
temperature and density may thus render an observable thread invisible, and vice versa.

Numerous studies have shown that Hydrogen is partly ionized in solar prominences
(see Heinzel et al. 1987; Gouttebroze et al. 1993).

Cirgliano et al. (2004) concluded from Differential Emission Measure from EUV spec-
tral observations covering emission lines ranging in temperature from <3 10*K to more
than 3 10°K that there is at least 40 times more emitting material at the highest tem-
perature compared with that of plasma seen in Ha. From a recent study of Lya and LyS
line profiles Vial et al. (2007) conclude that prominence fine-structure is associated with
strong temperature gradients perpendicular to the magnetic field.

2.5. The overall character of oscillating threads

Modeling of oscillations and waves in solar filaments shall have to consider the overall
physical character of the threads.

The filament threads, the fundamental structure of solar filaments and prominences
have widths of 0.2 and 0.3 arc sec, which also are close to the resolution limit of current
best solar telescopes (cf. Lin et al. 2005). Therefore, some threads may be even thinner.
The plasma parameters are similar to those of the chromosphere, which typically ranges
from T, = 7 10°K to 10*K and n, = 10'° to 10! cm=3 (cf. Engvold et al. 1990). One
foresees rather moderate variation in the key parameters of the plasma along a thread,
whereas there is clear evidence for temperature gradients in the direction perpendicular
to the magnetic field (Vial et al. 2007). The fact that prominence plasma is partly ionized
(Gouttebroze et al. 1993) may give rise to wave damping (Forteza et al. 2007; Solér et
al. 2007a) and thereby also contribute to the flowing of the plasma (Pécseli and Engvold
2000). Last but not least, the ubiquitous plasma flows along the threads at velocities close
to the acoustic speeds adds complexity to numerical modeling of filament and prominence
oscillation.
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3. Oscillations
3.1. Observations

Filament and prominences oscillations have traditionally been measured from the result-
ing Doppler signals. With access to telescopes and instruments with gradually better
spatial resolution oscillations can also be detected from motions in the plane of the sky.

Oscillations in quiescent prominences are historically classified according to their pe-
riods (cf. Solér, Oliver and Ballester, 2007a):

Type Period

Short P < 10 min
Intermediate 10 min < P<40 min
Long P > 40 min

Small-amplitude oscillations, A v = 0.1 - 3 km s~!, are detected at all periods, whereas
large-amplitudes (20-40 km s~!) are commonly observed at long periods.

3.2. Large amplitude oscillations

Large amplitude oscillations are traditionally believed to be triggered by flare associated
waves (Ramsey and Smith 1966; Eto et al. 2002). However, recent studies by Jing et al.
(2003, 2006) and Vrsnak et al. (2007) have shown large amplitude waves (Avj,s >20 km
s~1) propagating along the filament bodies. In these two cases the oscillations appears
to be triggered by, respectively, a nearby sub-flare and by local emergence of magnetic
flux. Isobe et al. (2007) observed large-amplitude oscillations during the slow rise, pre-
eruption phase of a high latitude filament. The oscillation was observed only in part of
the filament and appeared to be standing oscillation rather than a propagating wave.

3.3. Intermediate and short amplitudes

See Oliver and Ballester (2002) for a review. The longer period oscillations are common
over the whole filament, whereas individual threads oscillate independently at shorter
periods (Lin et al. 2003).

The fine threads of prominences and filaments are shown to be rooted in the pho-
tosphere below (Lin et al. 2005), where the dynamic granulation is constantly pushing
them around at speeds of a few km s~'. This and possible episodic interactions between
constantly moving individual threads is very likely sources of the observed oscillations.

3.4. Extremely long-period oscillations

Foullon et al. (2004) reported on the detection of extremely long-period oscillations, with
dominant period of 12.1 hrs, which were observed uninterruptedly with SoHO/EIT 195A
for nearly 6 days. In addition, the filament underwent cyclic intensity variations.

3.5. Wave damping

The damping time of oscillations in solar filaments and prominences range usually from
1 to 3 times the corresponding period (Molowny-Horas et al. 1997; Oliver and Ballester
2002; Lin et al. 2003; Vrsnak et al. 2007).

3.6. FEvidence of Alfvén waves

Okamoto et al. (2007) find, from new observations with Hinode, fine-scale threadlike
prominence structures oscillating in the plane of the sky with periods of 130-250s and
amplitudes ranging between 200 and 850 km. The oscillations were coherent over a length
of 16000 km. The authors conclude that the oscillations is a signature of Alfvén waves
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propagating along magnetic fields of the prominence. Engvold et al (2008) observe sway-
ing motions of thin filament threads of amplitudes ~90 km, 3-4 min periods and phase
speeds >100 km s~! suggesting the presence the presence of Alfvén waves. Jensen et al.
(1994) found that low amplitude oscillations in filaments very likely are associated with
Alfvén waves. Régnier et al. (2001) arrived at a similar conclusion from their study of
oscillations of an active region filament within which they identified the observed frequen-
cies in terms of Alfvén waves. On the other hand, given the very fine-scale, thread-like
structured magnetic field in solar filaments Erdélyi and Fedun (2007) point out that
Alfvénic perturbations would rather give rise to torsional oscillations, and that the na-
ture of the reported signatures ought to be investigated further.

4. Concluding remarks

The complicated pattern of oscillations in highly structured solar filaments and promi-
nences is a challenge to observers as well as to theoreticians and modelers. Analytical and
numerical models of the oscillations are guided by available information on the intricate,
dynamic nature of these enigmatic structures.

The current picture of solar prominences and filaments which may serve as a guide in
ongoing modeling of oscillations, are summarized as follows:

e The unique magnetic configuration of filaments and prominences is under the in-
fluence and control by the magnetic fields of the surrounding filament channels, cavities
and the overlying coronal arches constituting the upper boundaries of the channels.

e All types of filaments and prominences consist of magnetic threads of thickness
<0.3 arc sec. The true thread lengths are very likely ranging from a typical supergranule
diameter to the full length of the filament.

e Usually one sees only parts of the full length of a thread in Ho and other chromospheric-
type lines. Rather moderate variations in plasma density and/or temperature along the
thread may account for the noted spatial and temporal changes in visibility.

e There appears to be a weak coupling between the threads that allows them to
oscillate both individually (shorter periods) and together (longer periods).

e [t is generally assumed, but not yet proven, that the cool threads are imbedded in
thin, hot coronal plasma; this implies that each thread has a PCTR.

e Plasma is flowing along all threads all of the time, and in opposite directions in
neighboring threads, at speed up to 20 km s~! in quiescent filaments. Higher flow speed
are observed in AR filaments.
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