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Abstract. During the MEDOC Campaign 4, on October 1999, observations of a solar active region filament were
carried out by the SUMER/SoHO spectrometer. A time sequence of this filament has been obtained with a
duration of 7 h 30 min and with a temporal resolution of 30 s. The Fourier analysis of the line-of-sight Doppler
velocities measured in the 584.33 A Hel line allows us to detect oscillations in several ranges of periodicities
(short periods: less than 5 min, intermediate periods: 6-20 min, and long periods: greater than 40 min). From
a theoretical point of view, we consider the possible modes of oscillations of an active region filament. Following
Joarder & Roberts (1993), we treat the filament as a plasma slab embedded in a uniform magnetic field inclined
at an angle ¢ to the long axis of the slab. Solving the dispersion equations for Alfvén waves and magnetoacoustic
waves, primary and secondary mode frequencies appear to be non-equidistant. For the comparison between the
observed and calculated frequencies, we outline an identification method of the oscillation modes in the observed
filament. This identification provides a diagnostic of the filament: the angle between the magnetic field and the
long axis of the slab is estimated to be 18°, and the magnetic field strength B (G) is proportional to the square
root of the density po (cm™?) in the slab, B ~ 2.9 x 107°, /po.
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1. Introduction

The existence of oscillations in solar prominences
and filaments has been known for several years (see
reviews by Schmieder 1989; Vial 1998; Oliver 1999).
Three categories of periods can be defined
(Molowny-Horas et al. 1997): short (<5 min), intermedi-
ate (6-20 min), long (40-90 min) periods. Short-period
oscillations have been detected in prominences observed
at the limb. For a quiet prominence, intensity fluctua-
tions in time revealed oscillations in the range 3-6 min
(Blanco et al. 1999). By measuring the Doppler shift of
the Ho line, Wiehr et al. (1984), Balthasar et al. (1986)
and more recently Thompson & Schmieder (1991) found
indications of line-of-sight velocity oscillations in the
range 3—6 min. The 5 min period which was detected
both in the intensity and velocity variations was inter-
preted as being due to the shaking of the supporting
magnetic field by the chromospheric and photospheric
oscillations (Balthasar et al. 1988). However, in filaments
observed near the disk center these oscillations are hard
to detect. Malherbe et al. (1981, 1987) found that there
are no Ha oscillations in both quiescent and active region
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filaments in the range 1-10 mHz. Oscillations in the
range 3-15 min have been found in the 10830 A Hel
line (Yi et al. 1991; Molowny-Horas et al. 1998), in OIV
and SiIV lines (Bocchialini et al. 2001). Concerning
long periods, line-of-sight velocity oscillations were de-
tected in He in the range 50-80 min (Wiehr et al. 1984;
Bashkirtsev et al. 1983; Bashkirtsev et al. 1984), and
recently in the Hel line at 584.33 A with a period of
about 2 h 30 min with the CDS/SoHO spectrometer
(Régnier et al. 1999).

On the theoretical side, Galindo-Trejo (1987) has
studied the stability of different models of quies-
cent prominences. In particular, he found that for a
Kippenhahn-Schliiter (1957) model, the prominence (de-
fined as a slab perpendicular to the solar surface) is sta-
ble and oscillates perpendicularly to its plane with a
typical period of 16 min. Also, Roberts (1992) has com-
pared long-period oscillations with three simple models.
Joarder & Roberts (1992a,b, 1993) have set up a model of
prominence oscillations in which the slab is embedded in a
magnetic field in the absence of gravity, and the calculated
frequencies of Alfvén and magnetoacoustic waves are com-
pared successfully with observations of 3—6 min oscilla-
tions (e.g. Balthasar et al. 1988) and around 16 min oscil-
lations (Yi et al. 1991). Oliver et al. (1992) have studied
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Fig. 1. Overview of AR 8725 on October 13, 1999: MDI magnetogram at 16:05 UT (top left — see Sect. 3.2 for the definition of
the rigid walls), Ha image from Meudon observatory at 14:15 UT (top right — the filament is clearly visible as a dark feature at
the center of the image). EIT image in the FeXII line at 195 A at 13:13 UT (bottom left), soft X-rays image from SXT/Yohkoh

at 12:34 UT (bottom right).

the propagation of magneto-acoustic-gravity waves us-
ing a Kippenhahn-Schliiter model, and suggest that the
short periods detected in prominences could be due
to magneto-acoustic-gravity slow modes. More recently,
the Joarder et al. (1997) model considers that the promi-
nence consists of a large number of fibrils giving the ob-
served sheet-like appearance of prominences. For a zero-
plasma (without gas pressure), the authors conclude that
the modes named fast kink modes produce the observed

short periods (2-15 min). In the present paper, we inter-
pret the observed oscillations in an active region filament
in terms of magnetohydrodynamic (MHD) waves neglect-
ing gravity, in order to provide a diagnostic of the filament.

In Sect. 2, we describe observations from the SUMER
spectrometer and we perform a Fourier analysis of the
temporal signal to obtain period ranges for the oscilla-
tions. In Sect. 3, the Joarder & Roberts (1992a,b, 1993)
model is used to obtain the dispersion relations and to find
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Fig. 2. Left: Ha image (see Fig. 1 top right; October 13 at
14:15 UT) focused on the filament. Two bright features
A and B are defined on each side of the filament. Right:
context raster obtained by SUMER in the Hel line at
584.33 A (October 13 at 22:11 UT). The dark feature between
the two bright features (i.e., between —565" and —545") char-
acterizes the filament.

the primary and secondary Alfvén and magnetoacoustic
modes. In Sect. 4, we present an identification method of
the observed filament oscillations in terms of Alfvén and
magnetoacoustic waves. From this identification, we de-
duce a diagnostic of the filament. Conclusions are drawn
in Sect. 5.

2. Observations with the SUMER/SoHO
spectrometer

A global description of the active region NOAA 8725
(AR 8725) observed on October 13-14, 1999 is pro-
vided (Fig. 1) by a magnetogram (MDI/SoHO) show-
ing the distribution of the longitudinal magnetic field
strength, an Ha image (Meudon observatory) in which
the filament appears as a dark feature, a FeXII image
at 195 A (EIT/SoHO) showing coronal loops and a fil-
ament channel, and a soft X-ray image (SXT/Yohkoh)
in which the high temperature loops seem to have an
S-shaped structure which is on top of the filament.

2.1. Data set

SUMER (Solar Ultraviolet Measurements of Emitted
Radiation) is a mnormal incidence spectrograph on
board SoHO (Wilhelm et al. 1995). During MEDOC
Campaign 4, the sequence of SUMER observations dis-
cussed here was obtained from October 13 at 22:20 UT to
October 14 at 05:50 UT (i.e., a duration of 7 h 30 min).
Using the 0.3”x120” slit, we observed the Hel line at
584.33 A with compensation of solar rotation. The expo-
sure time was 30 s, and the spectral resolution 20 mA (sec-
ond order).

A context raster (Fig. 2 right) was made in the Hel
line at the beginning and at the end of the observa-
tions: 0.3 x120” slit, field of view of 30”x120” (40 steps

Oscillations in an active region filament
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Fig. 3. Velocity time series derived from SUMER time se-
ries observations. The total duration is about 7 h 30 min.
White (black) corresponds to downwards/positive (up-
wards/negative) velocities.
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Fig. 4. Temporal average of the velocity time series. The po-
sition of the filament (resp. quiet region) is given by the two
vertical solid lines (resp. dashed lines).

of 0.76"), exposure time of 5 s. In Fig. 2 right, the fil-
ament corresponds to the dark feature between the two
bright features A and B defined in Fig. 2 left. The loca-
tion of the filament is estimated to be between the 5th
and the 25th pixel along the slit (i.e. —565"” to —545").
The position of the slit for time series observations is in
the middle of the 30" x120” field of view.

2.2. Velocity time series

The relative Doppler velocity v is defined by ¢ = %

where ¢ is the speed of light, Ag the Wavelength at the
maximum intensity of the mean profile obtained by the
temporal and spatial average of the intensity time series,
and A\ = X\ — Ag with A the Doppler displacement at
a given time and at a given (y) position along the slit.
With this definition, we derive the velocity time series in
which negative (positive) velocity corresponds to upwards
(downwards) flows. The average velocity of the whole time
series should be zero, estimating the contribution of the
filament to be less than 5%. Therefore in order to ob-
tain the effective velocity time series (Fig. 3), we have
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Fig. 5. Power spectrum calculated from the velocity time series of the filament (solid line) and for the quiet region (dashed line)
for two ranges of frequencies (left: <3 mHz, right: 3-6 mHz). The 99% confidence level is given by the horizontal solid line at
502. Each characteristic frequency of oscillation is annotated (wn ).

subtracted the spatial and temporal averaged velocity of
the raw velocities from the raw velocity time series.

To determine exactly the spatial (y) location of the
filament, we calculate the temporal average of the veloc-
ity time series (Fig. 4). The position of the filament can
be defined precisely between the 11th and the 15th pixel
along the slit (i.e. —559” to —555”). In this area, the mean
velocity is —3 kms™!, implying that the filament rises in
the solar atmosphere. For the sake of reference, we also
choose a quiet area between the 110th and the 114th pixel
(i.e. —460” to —456") which will provide the oscillation
frequencies in the medium out of the filament.

2.3. Fourier analysis

For the effective velocity time series, we performed a
Fourier analysis of the signal in the filament and in the
quiet area. Because of the duration of the observations
(7 h 30 min) and the exposure time (30 s), the resulting
frequencies range from 3.5 x 1072 mHz to 15 mHz. The
power spectrum deduced from the Fourier transform af-
ter an apodisation of the signal (Brault et al. 1971) yields
P(w) = 2|5(t)|? where w is the frequency and S(t) is the
Fourier transform of the time series.

In Fig. 5, the power spectrum in the filament (resp. in
the quiet area) is normalized to its variance (the upper fre-
quency is limited to 6 mHz). They exhibit a marked maxi-
mum for a frequency of about 0.15 mHz which results from
an instrumental thermal effect. Moreover for 0.3 mHz <
w < 0.8 mHz, there are common features between the fila-
ment and the quiet region which cannot be interpreted as
characteristic oscillation frequencies in the filament. These
features probably result from several instrumental effects
such as pointing instabilities (Lemaire 2000). Note that no
harmonic frequencies of the instrumental thermal effect
are observed. In Fig. 5, the horizontal solid line defines

Table 1. The observed periods in the filament are deduced
from the power spectra of Fig. 5. The intermediate (between 5
and 20 min in this case) and long (>40 min) periods exist.

Observed Periods
long 65 min 36 s w1
periods
inter— 19 min 46 s w2
mediate 17 min 28 s w3
periods 10 min 36 s w4
10 min 07 s ws
9 min 17 s we
8 min 46 s w7
7 min 50 s ws
7 min 34 s wy
6 min 24 s w10
5 min 54 s w11
5 min 24 s w12
short not detected
periods

the 99% confidence level for a x? distribution with 2 de-
grees of freedom.

In Table 1, we list the characteristic oscillation fre-
quencies in the filament. In particular, we find a period
of oscillation larger than 40 min. In this paper, we only
focus on the existence of characteristic frequencies in the
filament (the phases and the absolute values of the power
are not investigated). Note that the 3 min chromospheric
oscillations are observed in Fig. 5 right (frequencies close
to 5 mHz).
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2.4. Some features of the 584.33 A Hel line

One may be surprised to be able to detect Doppler
shifts in a line such as 584.33 A. Let us recall that
this line corresponds to the 1s? 'S-1s2p 'P° transi-
tion of parahelium. It has been measured in the so-
lar chromosphere with different techniques (Dupree &
Reeves 1971; Dupree et al. 1973; Delaboudiniere & Crifo
1976; Cushman & Rense 1978). The chromospheric pro-
files (Cushman & Rense 1978) were rather broad and even
possibly self-reversed (1976). This was a clear indication
that the line is optically thick in the chromosphere. In
prominences, no detailed measurement had been made
until SoOHO. A FWHM of about 14 mA was found
in the quiet sun (Vial 2000) but there are clear indi-
cations that the line profile is narrower in prominences
(Régnier et al. 2001) and certainly unreversed. All non-
LTE models (Heasley et al. 1974) provide rather large line
opacities in the range 10*-10° for prominences. Recent
computations by Labrosse et al. (1999) provide similar re-
sults in the range 10*-10°. These theoretical opacities are
compatible with an unreversed profile (as measured with
the SUMER/SoHO spectral resolution): actually, the low
Doppler width (less than 15 mA if the microturbulence is
lower than 5 kms~!) combined with an opacity of the or-
der of 10° leads to a transparent medium in the line wings
beyond about 4 Doppler widths, i.e. 60 mA. This means
that the medium is essentially (but not totally) opaque
in the line. Consequently, the information concerning the
velocities associated with the measured line Doppler shifts
should be considered as coming from a rather superficial
layer of the prominence where the coherence of oscillations
is retained.

3. Filament model
3.1. Description of the model

To examine the different modes of oscillations in a
filament, we here consider the prominence model of
Joarder & Roberts (1993). In the frequency analysis de-
fined in Sect. 2, the velocity time series is averaged along
the slit (y spatial dimension), therefore we only study the
global modes of oscillations in the filament. This fact jus-
tifies the use of the Joarder & Roberts model in preference
to the Joarder et al. (1997) model including the filament
fine structures. The filament described as a simple slab is
embedded in a skewed uniform magnetic field making an
angle ¢ to the long axis of the slab (see Fig. 6). The effect
of gravity and field line curvature are ignored. The slab
is defined by a temperature T, a density p,, a length L
in the y-direction, a height H in the z-direction, and a
width 2a in the z-direction (2a <« H, L). Its environment
is defined by a temperature T,, and a density p.. The uni-
form magnetic field permeating the medium (the slab and
its environment) is B = (Bg, By, 0) with B, = B, tan(¢).
In this case, the pressure balance between the slab and its
environment implies that p, T, = peTe. The magnetic field

S. Régnier et al.: Oscillations in an active region filament

Rigid wall

Fig. 6. A schematic diagram showing the filament as a dense
plasma slab of width 2a in the z-direction, length L in the
y-direction, and height H in the z-direction. The slab is em-
bedded in a magnetic field B lying in the xy-plane, making an
angle ¢ to the long axis of the slab, and tying to rigid conduct-
ing walls at z = £l (Joarder & Roberts 1993).

lines are tied to rigid walls at © = %I on either side of the
slab to represent the photospheric line-tying effect.

The equations of ideal MHD (e.g. Priest 1982) are
linearized about the slab equilibrium depicted in Fig. 6
(Joarder & Roberts 1993), with the disturbance for an
uniform unbounded medium assumed to be of the form:

06 = ¢ exp(iwt — ikyx — ikyy — ik, 2).

Here §¢ is the disturbed quantity (gas pressure, velocity,
or magnetic field), w is the frequency of the disturbance,
and k,, ky, k. are the wavenumbers in each direction.
The perpendicular wavenumber is k1 = (k2 + k2)1/2. The
characteristic speeds that enter in the description of modes
of oscillations are the sound speed ¢, the Alfvén speed va
(vi = vi, +vX, = B*/uop with B> = B} + B}), the
magnetoacoustic slow speed cr = cqua/(c2 +v3)/?, and
the magnetoacoustic fast speed ¢t = (¢ + v%)/2. These
speeds carry the index “0” in the slab, and the index “e”
in its environment.

In each medium and in the limit of extremely long
wavelengths (k! < 1; equivalently, k, = k, = 0), three
wavenumbers allow to describe the Alfvén modes and the
magnetoacoustic modes: w/va, for Alfvén modes, w/c*
for slow modes, and w/c~ for fast modes, where
= V2ppcs| £ (¢ — w32V,

S

(1)

The boundary conditions are given by the line-tying effect
at © = £l (vp(£l) = vy(£l) = v.(£l) = 0), and we also
use the continuity conditions across x = =a of the veloc-
ity v, and of the total pressure implying in this model
the continuity of év, dp, dB,, 6B,. In the linear system
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of equations resulting from boundary and continuity con-
ditions, the Alfvén waves are decoupled from the magne-
toacoustic waves. For Alfvén modes and magnetoacoustic
modes, we consider symmetric modes (even Alfvén mode,
slow and fast kink magnetoacoustic modes) and antisym-
metric modes (odd Alfvén mode, slow and fast sausage
magnetoacoustic modes). We obtain a dispersion relation
for each of the six modes. The dispersion relations yield
(see Joarder & Roberts 1993):

tan( va ) Pe ot <M)—O (2)
VAzo Po VAze

for even Alfvén mode,

cot( wa )—l— Pe cot <M>=0 (3)
VAzo Po VAze

for odd Alfvén mode,

tan (f—(;) - \/%Ecot “’(lcie;“)> =0 (4)

for slow (+) and fast (—) kink magnetoacoustic modes, and

cot (w_g) + 2 cot (Lia)) =0 (5)
Co Po Ce

for slow (4) and fast (—) sausage magnetoacoustic modes.
For each dispersion relation, we define the primary fre-
quency as the lowest frequency satisfying the dispersion
relation, and the secondary frequencies as all the fre-
quencies greater than the primary frequency. The pri-
mary and secondary frequencies for a single mode form
a non-equidistant spectrum (see Table 2). Assuming that
a/l < 1, the approximate solutions for primary frequen-
cies are

Vo

“ Znlia) e o

for even Alfvén mode (v, = vazo) or kink magnetoacoustic
modes (v, = ¢F) in the slab, and

Vo
for odd Alfvén mode (v, = wvago) Or sausage magne-

toacoustic modes (v, = cT) in the slab. The approxi-

mated primary and secondary frequencies are summarized
in Table 2.

The ratio of the primary frequency for the even Alfvén
mode (slow and fast kink modes respectively) by the pri-
mary frequency for the odd Alfvén mode (slow and fast
sausage modes respectively) is given by:

WeAm _ Wskm _ Wik :_(g) . ®)

WoAm Wfsm T\l

wssm

(eAm: even Alfvén mode, oAm: odd Alfvén mode, skm:
slow kink mode, ssm: slow sausage mode, fkm: fast kink
mode, fsm: fast sausage mode).
This ratio only depends on the dimensionless param-
a

eter (7), and is independent of the density, the magnetic
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Table 2. Primary and secondary approximated frequencies for
even and odd Alfvén modes. Note that the secondary frequen-
cies can be divided into the internal and external frequencies.
For the kink modes (resp. sausage modes), vazo and vaze have
to be replaced by ¢ and cei in the approximated frequencies
of even Alfvén modes (resp. odd Alfvén modes).

primary frequency secondary frequency

VAzo NVAzo
27 (la)l/2 2a

(internal mode)

even Alfvén n=1,2,...

mode
NUAze
2(l—a)

(external mode)

n=12...

VAzo @Cn+1)vagz, _
1a Ta n=12,...

(internal mode)

odd Alfvén
mode

NUAze

2(—a) n=12...
(external mode)

field strength and the angle ¢ between the magnetic field
and the long axis of the slab. Therefore in principle, the
identification of the different modes is made possible by
the observational estimation of the parameters a and [, as
described below.

3.2. Method to identify the existing modes

We solve the dispersion relations using the parameters of
AR 8725 described in Sect. 2. We estimate the width
of the filament from the Ha image (Fig. 1 top right):
2a ~ 8000 km. The length [ ~ 63000 km is deduced
from the MDI magnetogram: the rigid walls are defined
as the two lines (see Fig. 1 top left) parallel to the fila-
ment and separated of 2r, and in a cylindrical hypothesis
for the shape of the magnetic field lines the length [ is
given by Zr. We choose typical values for the tempera-
ture of the filament T, = 8000 K and of its environment
T, = 10° K, for the density of the slab p, = 10'? cm™3
(Schmieder et al. 1985) implying a density of its environ-
ment (since poTo = peTe) of 8 x 107 ecm ™3, for the mag-
netic field strength B = 20 G, and for the angle between
the magnetic field and the long axis of the slab ¢ = 25°
(Leroy et al. 1984).

In Table 3, we summarize the primary and secondary
periods higher than 3 min derived from a model with a
density of 10'2 cm™3, a magnetic field strength of 20 G,
and an angle ¢ of 25°. For slow (kink and sausage) mag-
netoacoustic modes, a large number of secondary periods
exists particularly in the range 3-6 min (2.5-5 mHz).

We examine the dependence of the calculated primary
frequency on the angle ¢ (Fig. 7) with a magnetic field
strength B = 20 G and a density p, = 10'? cm™3. The
fast (kink and sausage) magnetoacoustic mode frequencies
are constant when the angle ¢ changes. For small angles,
one retrieves the special case of purely longitudinal static
magnetic field (Joarder & Roberts 1992a). For angles close
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Table 3. Primary and secondary periods for a model with a density of 10** cm

angle ¢ of 25°, for periods higher than 3 min.

S. Régnier et al.: Oscillations in an active region filament

—3, a magnetic field strength of 20 G, and an

| | Primary periods |

Secondary periods |

Slow kink mode 5h 46 min 51 s

37 min 48 s, 27 min 28 s, 18 min 25 s, 14 min 02 s, 12 min 10 s,
9 min 30 s, 9 min 00 s, 7 min 24 s, 6 min 56 s, 6 min 08 s,
5 min 35 s, 5 min 14 s, 4 min 41 s, 4 min 33 s, 4 min 06 s,
3 min 58 s, 3 min 41 s, 3 min 29 s, 3 min 20 s

Even Alfvén mode 69 min 30 s 7 min 34 s, 5 min 30 s, 3 min 41 s
Slow sausage mode 57 min 22 s 35 min 56 8, 19 min 33 s, 17 min 33 s, 12 min 23 s, 11 min 04 s, 9 min 12 s,
7 min 59 s, 7 min 20 s, 6 min 17 s, 6 min 03 s, 5 min 17 s, 5 min 03 s,
4 min 36 s, 4 min 17 s, 4 min 04 s, 3 min 44 s, 3 min 39 s, 3 min 21 s
Fast kink mode 28 min 53 s <3 min
0Odd Alfvén mode 11 min 29 s 7 min 12 s, 3 min 55 s, 3 min 31 s
Fast sausage mode 4 min 46 s <3 min

B=20 G, p,=10" e¢m™

10.00F T ]
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Fig. 7. Evolution of primary frequencies as a function of the
angle ¢ for Alfvén and magnetoacoustic modes (B = 20 G,
po = 10'2 cm™?). Fast mode frequencies (x) are constant, and
Alfvén mode frequencies merge to fast mode frequencies for
angles close to 90°. *: odd Alfvén mode (0Am) and even Alfvén
mode (eAm). O: slow sausage mode (ssm) and slow kink mode
(skm). x: fast sausage mode (fsm) and fast kink mode (fkm).

t0 90°, the even (odd) Alfvén mode becomes similar to the
fast kink (sausage) mode. As shown by Joarder & Roberts
(1992b), this last case of a purely transverse static mag-
netic field gives on one hand a fast kink (sausage) magne-
toacoustic wave identical to the even (odd) Alfvén wave
with the same speed c¢¢ and on the other hand a slow
(kink or sausage) magnetoacoustic wave with a character-
istic speed cr. Note that for ¢ ~ 10°, the odd Alfvén mode
and the fast kink mode have the same primary period of
oscillations (around 30 min).

In Fig. 8, we display the mode frequencies versus the
magnetic field strength with a density p, = 102 cm™3
and an angle ¢ = 25°. The slow mode frequencies remain
pratically constant when B varies. For very low magnetic
field strength, only slow modes exist with a characteris-
tic speed equal to the sound speed. For a magnetic field

$=25°, p,=10" em™

10.00F T ]
r x  fam *  0AM 7
L « . * ]
L % ¥ 4
* *
L * 4
b * . X fkrn
* ®
Py % * w X
[ - .
T 1.00 E x * 3
F # ® ®  ehm ]
£ F y . % 3
Rt F . X ]
> I * x 7
u F o * o o ® 0O O 0o o o o o 3sm 4
< o *#
g [ x * 7
o
Q1 *
p = |
£ o0f ]
Fox l
r g o o o o o o o o o o skm q
L & i
0.01 P T S R
0 20 40 &0 ao

Magnetic field (G)

Fig. 8. Evolution of primary frequencies as a function of the
magnetic field strength B (¢ = 25°, po = 10 cm™3). Slow
mode frequencies (O) are pratically constant.

strength of about 25 G, the even Alfvén mode intersects
the slow sausage mode for a period of about 1 hour.

In Fig. 9, we plot the evolution of the primary fre-
quencies as a function of the density for a magnetic field
strength B = 20 G and an angle ¢ = 25°. The slow magne-
toacoustic mode frequencies do not depend on the density.
In any case (see Figs. 7-9), we observe that relative (log-
arithmic) distances in frequency of the odd Alfvén mode
and the even Alfvén mode (fast sausage mode and fast
kink mode, slow sausage mode and slow kink mode, re-
spectively) do not vary in agreement with Eq. (8).

For a given value of the density in the slab p,, the
even Alfvén mode and the slow sausage mode intersect
for a magnetic field strength By(p,) given by:

1
B3 (po) = popoc, (? - 1)'

For a reasonable range of ¢ (10-90°), we can order
the Alfvén and magnetoacoustic mode frequencies (see
Figs. 7-9, Table 3). If B < By(po):

9)

Wskm < WeAm < Wssm < Wikm < WoAm < Wism (10)
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Fig. 9. Evolution of the primary frequencies as a function of
the density in the slab, with B = 20 G, ¢ = 25°. Slow mode
frequencies (O) do not depend on the density.

and if B > By(po):

(11)

(skm: slow kink mode, ssm: slow sausage mode, eAm:
even Alfvén mode, oAm: odd Alfvén mode, fkm: fast kink
mode, fsm: fast sausage mode).

Following the above parametric study, we outline a
method to identify pratically the observed frequencies
with respect to the calculated Alfvén or magnetoacous-
tic mode frequencies:

Wskm < Wssm < WeAm < Wikm < WoAm < Wism

(i) for a given active region filament, we determine the
dimensionless parameter n (Eq. (8));

(ii) we calculate the ratios of the different observed fre-
quencies that we compare with 7;

(iii) we define the observational constraints to apply to

the model: the lowest (largest) observed frequencies

are limited by the total duration (exposure time) of

the time series;

we eliminate the different ratios obtained in (ii) which

do not satisfy the inequalities (10) or (11) and the

conditions (iii).

4. Application to the active region filament
4.1. Identification of the observed modes

We apply the identification method to the observed fre-
quencies found for the active region filament described in
Sect. 2 (see Table 1):

(i) we calculate the dimensionless parameter n with 2a ~
8000 km and [ ~ 63000 km: n = 0.16. We consider
the relative uncertainty to be ~20% (given by the
spatial resolution of the Hoa image and the MDI mag-
netogram);
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Table 4. The ratios of the different observed frequencies. The
frequencies close to n are indicated in bold characters. The

ratios ‘:)j : are larger than 7.

ratio wi wa w3 2
w; w; w; w;

=2 0.305

t = 0.269 0.884

i=4 | 0.164 () | 0.536 | 0.607

i=5 | 0.156 (n2) | 0.512 | 0.579 | 0.954

i=6 | 0.143 (ns) | 0.470 | 0.532 | 0.876

i=7 | 0.135 () | 0.444 | 0.502 | 0.827

=8 0.121 0.396 | 0.449 | 0.739

t=9 0.117 0.383 | 0.433 | 0.713

i =10 0.099 0.324 | 0.367 | 0.604

i =11 0.091 0.299 | 0.338 | 0.556

i =12 0.083 0.273 | 0.309 | 0.510

Table 5. Identification of the observed frequencies as primary
frequencies of Alfvén and magnetoacoustic modes.

frequency (mHz) | period
slow kink mode not detected
slow sausage mode not detected
even Alfvén mode w1 = 0.257 65 min 36 s
fast kink mode we = 0.843 19 min 46 s
odd Alfvén mode ws = 1.646 10 min 07 s
fast sausage mode not detected

using Table 1, we calculate the ratios of the different
frequencies observed in the filament (see Table 4).
The ratios close to 7 (bold characters) are 1 = £*,
=5k = 55 =55

since the total duration of the observations is 7 h
30 min (3.5 x 1072 mHz), the frequencies have to be
greater than twice 3.5 x 1072 mHz to be detected.
Therefore, the slow kink mode is not detected in the
reasonable ranges of B and ¢ (Figs. 7-9);

we assume that the first observed frequency is a fre-
quency which corresponds to a mode of oscillations.
In Table 4, all ratios close to i contain w;. Therefore,
the first observed mode is the even Alfvén mode: the
slow sausage mode cannot be associated with a higher
frequency, and consequently wssm < Weam, Which is
the case of the inequality (11). Then, we identify the
observed frequencies ws to the fast kink mode wem
and ws to the odd Alfvén mode woam. In any case,
we have chosen the largest peak.

We summarize these results in Table 5. Note that the
non-identified frequencies could be associated to one
or several secondary frequencies of the MHD modes
(see Table 3).
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4.2. Diagnostic of the observed filament

We use the results of Sect. 4.1 to obtain a diagnostic of the
active region filament. The observed frequencies are linked
to the approximate primary frequencies (see Egs. (6)
and (7)). The unknown parameters are the temperature in
the slab Ty, the angle ¢, the density in the slab p, and the
magnetic field strength B. The temperature T, in the slab
is a free parameter in this case. The equations to solve are:

w _ VAzo
eAm 2’”([&)1/2 )
w = 700_
o = on(la)1 /2
Bsin ¢

where vaz, = and ¢ = \/ﬁvAmocso[c%o - (c?o -

VIopo

Therefore, we obtain va, and sing as a function of
WeAm, Wikm, and the temperature Ty:

1
VAo = —— Cg (wz,Am - wfzkm) + 421 aw;lkm (12)
Wfkm
2 (la)'/? eAm m
sing = m(la) eam Wi (13)

(2 (@2hmy — Whan) T 47 Lawi,) /2

For a temperature T, = 8000 K (e.g. Vial 1998), we esti-
mate the angle ¢:

¢ =18° +2.5°, (14)
and we obtain a relation between B and p,:
B ~2.9 x107°(£0.4 x 107°)\/po (15)

with p, (cm™3) and B (Gauss). The accuracy on the angle
and on the relation between B and p, is given by the un-
certainty on the determination of the frequencies and on
the measurement of the characteristic lengths. In Fig. 10,
we plot the variation of the magnetic field strength B
versus the density p,. For a reasonable range of B (10—
70 G), the density in the slab ranges between 1.2 x 1011
and 5.6 x 10'2 cm~3. These results are in agreement with
Eq. (9): for a given density p, the magnetic field strength
is higher than By(po).

The results are not very sensible to the effective value
of the filament temperature: for 5000 K < T, < 15000 K
the value of the angle ¢ and the coefficient in Eq. (15)
change by less than 5%. This is due to the fact that the
Alfvén and fast magnetoacoustic modes are not very sen-
sitive to the temperature for reasonable ranges of density
and magnetic field strength in the filament (see Eqgs. (12)
and (13)). Only the slow magnetoacoustic modes are sensi-
tive to the temperature (e.g. Joarder et al. 1997) but their
frequencies are too low to be detected with our present ob-
servational constraints. Actually, the measurement of the
primary frequency of the slow sausage mode should allow
us to obtain a good estimation of the temperature in the
filament.
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Fig. 10. Evolution of the magnetic field strength vs. the den-
sity in the slab. The reasonable range for B is delimited by the
horizontal dashed lines.

5. Discussion and conclusions

SUMER observations of active region filament oscillations
have been obtained in the Hel line at 584.33 A with
a total duration ~7 h 30 min and with a small ex-
posure time ~30 s. A Fourier analysis of the line-of-
sight velocity time series allowed to evidence oscilla-
tions in the three ranges of periodicities defined by
Molowny-Horas et al. (1997): short (<5 min) periodicities
for the quiet region, intermediate (5-20 min) and long (40—
90 min) periodicities for the filament.

Starting from a theoretical study of the modes of
oscillations using the prominence model described by
Joarder & Roberts (1993), we compared the observed fre-
quencies to the theoretical frequencies of Alfvén and
magnetoacoustic waves. In this frame, we successfully
identified the observed frequencies in terms of Alfvén and
magnetoacoustic primary mode frequencies (see Table 5).

The knowledge of the frequencies provides in fact a di-
agnostic of the observed filament: determination of the an-
gle ¢ ~ 18°, and of the value of the magnetic field strength
versus the density p, in the slab. The results are in agree-
ment with typical values reported by Leroy et al. (1984).
To complete the diagnostic, we should have to determine
the density and the temperature in the filament or in its
environment using diagnostic lines ratios. Since in this
model p, T, = peTe, we would obtain the density in the
slab and therefore the magnetic field strength (Eq. (15)).

In order to improve and develop the method of diag-
nostic that we have discussed in this paper, new obser-
vations of active region filament using SoHO (SUMER,
CDS) in coordination with THEMIS (Tenerife) observa-
tions are under consideration: using high temporal resolu-
tion and long time observations, we study the oscillations
in active region filaments and in quiescent filaments with
different values of [ and a, and with an observational di-
agnostic of the density and the temperature in the slab
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in order to estimate the magnetic field strength in the
filament. Finally from a theoretical point of view, some
efforts should be made in order to develop a more real-
istic model of prominence (e. g. to take into account the
gravity, the geometry of the magnetic field and the fine
structure). Although from a comparison of the theory and
of the observations, we have obtained reasonable values
of the physical parameters, one should verify the sensitiv-
ity of the results to a specific model. The identification of
the mode frequencies should be made easier with a bet-
ter estimation of the dimensionless parameter (). For the
width a, this should be obtained by using high resolution
Ho images and for the length [ by a more accurate de-
termination of the photospheric sites of the magnetic field
lines supporting the filament.
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