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STRUCTURE AND OSCILLATIONS IN QUIESCENT
FILAMENTS FROM OBSERVATIONS IN He1 i10830 A

1 ZHANG and ODDBJORN ENGVOLD
Insttute of Theoretcal Astrophyvsics. Universuy of Oslo. P.O. Box 1029 Blindern. N-0315 Oslo 3. Norway

and

STEPHEN L. KEIL
AFGL. Sucramento Peak. Sunspot. New Mexico 88349, .S 4.

{Received 23 July. 1990: in revised form 23 October. 1990)

Abstract. Observations of two guiescent tilaments show osciilatory variations m Doppler shift and central
intensity of the He 1 210830 A line.

The oscillatory penods range from about 3 to 13 mun. with dominant periods of 5.9, and 16 min. The
cmun pentod sl detected L oaie mtensay vanations, after worcectien for atmosvhene effects. Doppler
stufts precede intensity vandaons by about ope pert < The possibrlity that the oscillattons are Alfven waves
In discussed.

The Doppler signals of the filament torm tibnil-hke structures. The fibnls are all inchned at an angle of
about 253 to the fong aws of the filament. The magneuc field has a similar orientation relative to the major
direction of the filament. and the measured Doppler signals are apparently produced by motions along
magnetic flux tubes threading the filament.

The measured hifeumes of the small-scale tibrils of guiescent disk filaments are very ikelv a combined
ctiect ot intensity modulations and reshurfing of the structures.

1. Introduction

The oscillatory character of velocities in guiescent prominences has been studied by
several authors. Recent results are discussed by Tsubaki er al. (1988). Two tvpes of
oscillations have been found. The first type 1s a long-period oscillation. Malville and
Schindler (1981) detected oscillations of a loop prominence of period 75 min. Similar
oscillatory perigs (30 to 64 min) have been observed in quiescent prominences by
Wiehr. Stellmacher, and Balthasar (1984). Similarly. Suematsu et al. (1990) reported to
have seen periods of about one hour in a large quiescent prominence. The second tvpe
has a much shorter period. Wiehr. Stellmacher, and Balthasar (1984) detected oscilla-
tions of periods from 3 to 8 min in Zeeman polarization of the Ha line. From analyses
of Can K line profiles Tsubaki and Takendi (1986) and Tsubaki. Ohnishi. and
Suematsu (1987) measured periods in velocity vanations of 160, 210, and 640 s. Short
periods of 240 and ¥30 « have atso necn detccted by Suematsu ef al. (19900, Al these
studies were done in proninences vbserved ai the solar imb. Oscillatory motions have
not vet been detected in observations of prominences on the disk (filaments). Malherbe.
Schmieder, and Mein (1981) and Malherbe er al. (1987) studied radial velocity both in
Hx and C1v line in filaments, and concluded that oscillations could not be seen.
Ghenojian, Klepikov, and Stepanov (1990) concluded from polarimetric and spectro-
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63 Y1 ZHANG, OO ENGVYOL D AND SO 1L KEIE

scopic observations of prominences that only the measured velocity variations in
Doppler velocity are of solar origin. The periodic variations in such as line widths.
intensity. and polarization are allegedly produced by some wave phenomena in our
atmosphere.

The shorter periods could be local MHD waves. whereas the longer periods may
represent cigenmodes of presumed loop-like structures themselves. The objective of the
present study is to analyse the oscillatory nature of the vertical flow velocities in
tilaments using observations in the Her 210830 A line.

The tine fibril structures of prominences are well visible in observations of sub-
arcsecond seeing (Dunn, 1960: Engvold. 1976: Demoulin er al.. 1987). The lifetime of
such structures is about 8 min or less. depending on size and brightness (Engvold. 1976,
197%). Generally. the fibrils are organized at some angle relative to the long axis of the
filament {Simon er wl.. 1986). From a sample of 70 prominences Tandberg-Hanssen and
Anzer (1970) found that the field makes an angle x >~ 15° with the filament long axis.
Other groups (Leroy, Bommier, and Sahal-Brechot, 1984: Kim. 1990) find angles of
inclination about 25 . The shear of the magnetic field inferred from the data above is.
conceivably. a necessary condition for the formation of prominences.

Assunung that the mass motions in filaments are channeled along the magnetic tibril
structures one expects to see the magnetic topology reflected in the spatial pattern of
the motions.

2. Observations and Data Processing

The observational data is part of 2-D spectral scans of a total of 17 ditferent ilaments
observed during the period May 3 through 9, 1981, using the main spectrograph of the
Vacuum Tower Telescope of the National Solar Observatory at Sacramento Peuk
(Dunn. 1969).

Each series of scans consists of 60 spectral frames (sometimes 90) recorded in rapid
suceession while the solar image dntted across the entrance slit of the spectrograph. The
time difference between successive scans is 140 s, The shit positions of adjacent expo-
sures are barely overlapping. and the data covers an area on the Sun of
76 « 100 are sec”. A 100 x 100 pixel CCD cumera was used to record 100 arce sec by
6.0 A spectral sections centred on the chromospheric He1 A10830 A line. Each spectral
exposure also contains the photospheric Si 2A10827.109 A line. and the atmospheric
water vapour line at 210532109 A. Both lines were used for calibration of the wavelength
scale (cf. Breckinridge and Hall, 1973). Standard procedures were applied to correct
the CCD images for variable pixel sensitivity and dark current,

The spectral dispersion corresponds to 3.86 mA per pixel, which is equivalent 1o 9.4
pixels per km s ', High-frequency noise was removed by appropriate smoothing of the
data in both spatial and spectral directions. The position of the He1 line was measured
as the position of the central minimum intensity, and as the “center of mass’ of the
deepest 257 of the line. No significant differences in the results from the two methods
were found. The latter definition has been used for the results presented here.
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The Het line 1s very weak in the chromosphere, but quite strong in absorption in disk
filaments, and consequently bright in emission in prominences observed at the limb
(Giovanclli, Hall. and Harvey. 1972). The absence of a chromospheric absorption line
makes the interpretations of the Het line absorption in filaments less complicated than
in the cases of the Canr H and K. and hydrogen Balmer lines.

3. Results

The filament of May 4 s displaved in the two images of Figure 1. which are recon-
structed tfrom one series of spectral frames. One image gives the contour map of the
central intensity of Her 210830 A and the other shows the corresponding line-of-sight
velocity. One notices that the velocity map resolves finer details and smaller structures
than the intensity image.

310 ORIENTAIION OF FIBRII STRUCTURES IN FHE FILAMENT

The fine-scale veloerty structures vary with time. Both the amplitudes of line shifts. as
well as ther positions, are changing. The veloeity field appears in the form of tibril
structures, which all are ahgned systematically refative to the long axis of the filament
{sce Figure 1(b)). The angles of inclination range typically between 17 and 35 | with
an average value of > 26 over the 27.53 min duration of the time series.

The mean half width of the tilament fibril structures., i.c., the FWHNM in the direction
perpendicubar to their long axes are tpically 1-3 are see. The true widths are most kel
smaller. and the measured widths are vers likely gnven by the spatial resolution in the
data which s = Lare sec.

The measured angles of inclination are similar to the carlier noted shear of the
magnetie field (Leroy, 1988 Kim. 1990). This observation suggests that the observed
seocity fibrils truly represent mass moton in magnetic flus tubes which are threading
the tilament.

Y
[

OSCHTATIONS

s

1 Velocin

s

The ume behaviour of the veloeity signal is measured over 2.5 5 3.0are sec” areas at
several positions along the ilament tibrils. The results from the 27.5 min long time series
ot images of 4 May are shown in Figure 3. The similarity in the velocity signals along
a given tibril means that the entire fibril structure is activated which would be the case
it the tibrils are magnetic luy tubes. The power spectra for fixed points along the fibrils
show peaks at frequencies corresponding to periods in the range from 9 to 14 min. The
amplitudes of velocity variations are typically + 0.3kms '

The Glament of 3 Muay was observed 1or 97 min, and provides an opportunity to
search for perods of oscillations over a larger range. Figures 4(a) and 4(b) show the

an
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Fig. 1. (a) The central line intensity map of Het 210830 A in g quiescent filament observed on May 4, 1981,

13:41:00-13:42:20 UT. (b) The corresponding velocity map derived from the Het line. The long axis of

the quiescent filament is indicated by the straight line and the axes of velocity fibrils are drawn with broken
straight lines. The sampling window size is shown by the square box in the lower left of the frame.
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Doppler velocity (Zhm s)

t oty tmun) (He D)

Lip 30 Curves showmng osallations i the Doppler velocity of Her 210830 A for the May 4 nlament
(1, 133100 U Ty The numbers refer to the fibnls shown i Frgure 1 The diferences in the signals trom
various tibrils are obvious. Power spectram analysis vields osallatony periods ranging trom 2 to 1 omin

mtensiy and veloory muages derived for the regton of this tilament. The corresponding
tine curves and power spectra are shown i Figure 3. The oscillatory character that can
he seen i the graphs shows Gp as imaxima i the power spectta al freguencies between
Smizand 1 mHz. These trequency values are equivalent to periods of about 3 min and
16 nin.

Datafrom the photospheric Sitline ( Figures 6 and 7)reveals, as expected. a domiant
power peak around 3 mHz 3 min). In addition. there are hints of periods around 14 min
in the photosphernie regions below the tlament.

3220 huensny

In contrast to results from carher studies. o pronounced osciltatory variation shows up
n the Het hne center at several positions aleng the large tibril of the 3 May filament

Fheantensity curves and the average power spectrum are presented in Figures 8(ay and
Sth showmy oscillations wath amiplitudes of about 2 of the local continuum intensity.
The curves have been corrected for vartations in atmospheric transparency which also
give rise to some intensity fluctuation. These corrections are done with the help of
simultancously recorded. spatially-averaged continuom intensity values of the time
series. The two dommant periods in the intensity Buctuations of about 3 and 12 min are
vrtually the same as in the case of the velocity signal,

\ cross-correlation of the velocity and intensity reveals a phase dependence of the
two signals (Figure 9Gr)). The largest negative shifts occur at maximum intensity. In
addinon. there is often an increased negative correlation close to 7~ - Smin. e
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Crons-correlation of the Her veloats and intensity varations. (a) Fxamples of the most commeniy
observed phase dependence, (h) A case which s rarely observed
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approannately one full period of the oscillation. This suggests that the intensity variations
often show up one period after the start of the velocity oscillation. In one case
(Figure 9(b)) the opposite situation, namely that the intensity is preceeding the velocity
oscillation, is occasionally seen.

Assuming that the intensity signal is produced by variations in seeing, as suggested
by Ghenojian, Klepikov, and Stepanov (1990), one would expece similur type signals
in the Si1 and the water vapour lines. The Siit central intensity also varies, but the
variation is different from the He1 210830 A line. One may, therefore, conclude that the
observed intensity variations can not be ascribed to seeing.

3.3 LIFEIIME OF FINF-SCALE STRUCTURES

One notices that the observed periods of oscillations are comparable 1o the lifetime of
fine-scale structures (thread and knotsy of guiescent prominences (Engvold. 1976).
Unfortunately, the contrast of the present Het images of disk filament is too low to
resolve well the individual threads for a direet determination of therr lifetimes. By taking
the cross-correlation of the intensity images of the filament one may. however. derive
an average time property for the structure.

Using the detinition of hifetime given by Golub (1976), we may introduce the values
C(r - 1,). which are the cross-correlation coefficients as functions of time. In Figure 10
we have plotted the time cross-correlation for the filament area of the 3 May event. The
curve appears to be the result of two different lifetimes t; and t. which can b
represented by the formula:

Clty) e e (n

where 1, is the time of observation of the reterence frame and 1) and 1. represent the
two time-seales. The tme scales tor small-scale. medium-scale, and large-scale strue-
tures of prominences are generally taken to be. respectively, <10 min. 2-12 hours. and
weeks o months (Engvold er ol 19%9). In the event that the shorter scale 7,85 only a
few minutes and 14 s several hours the relation may be expressed by the two alternative

CXPIUSSIOns:

Catpe N R T AR
- 1 1l< 2 (:’
r-10,»1.

A fitol the curve in Figure 10 to the expressions above vields 1, ~ 13 min. which is in
good agreement with values for small-scale structures obtained by others.

The similarity of the periods of velocity oscillations and the time-scale 7, may imph
a possible phase dependence between velocity and brightness. We also noted an
increase of cross-correlation coefficients at about one hour later. This quasi-oscillation
in intensity will influence the lifetime of the prominence structures determined by
cross-correlation technigues.
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S4SEATIN DISTRIBUTTON OF OSCH T ATORY PERIODS

Fach pomnt i the ficld has its own tme property which can be studied from power
spectra derved for evers point (e.g. area 2.5 « 3.0 are sec”). For a given frequency of
the osaillations one derives the distribution of power as function of position within the
observed area. Fagure T shows the distribution of oscillating regions derived from the
Hervelocits tield. The selected frequencies correspond to peaks in the power spectra.

Lhe tilament channel s clearly seenan the maps showing the power distribution
frequencies of power mavima i the spectra. The filaments are. on the other hand. not
noticeable in maps based on frequencies of power minima of the spectra.

The similarity of the time vartations at the positions, respectively, 1-14 and 15-19
i Figure Sa. suggests that these are two separate magnetic loop structures. The oscilla-
tory power is notably suppressed in the region between the two fibrils.

Unlike the results from the Her 210830 A the Sitline shows mainly the S-nun period.
Some correlation is seen between various power peaks of the photospheric Sit line and
the outhine of the filament. This could possibly be where the foot-points™ of filaments
connect o the photosphere. At all other frequencies the oscillatory periods are irregu-
larly distributed.
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4. Conclusion

4.1. STRUCTURES

The velocity images derived from the Het 210830 A line provide better contrast than
the corresponding intensity images. and resolve clearly the fine-scale fibril structures.
These structures represent mass motion in magnetic tubes of force. The tendency of the
tibrils to be inclined with respect to the long axis of the large filament would agree with
the fiux tube interpretation. A number of observations have shown that the angle
between the field vector and the prominence long axis is typically about 257 (Leroy.
Bommier, and Sahal-Brechot. 1983, 1984: Kim er /.. 1988} in good agreement with the
current angles of inclination given in Figure 2.

4.2, OSCHLATIONS

The oscillatory character of large quiescent disk filaments is apparent in the observa-
tions of the Het 210830 A line. The measured periods of about 10 min are very similar
to the values obtained from prominences observed at the Sun’s limb. The amplitudes
of velocity fluctuations around 0.3 km s ! are generally less than the values derived
from observations at the limb (Tsubaki, Ohnishi. and Suematsu. 1987). It is likely that
the spatial resolution of our data ( ~ 1 are sec) would tend to smear the signal and
thereby reduce the velocity amplitudes.

Since the chromospheric Her 210830 A line 1s very weak there will be no chromo-
spheric contribution to the Doppler shifts in the filament. The measured Doppler
velocities are produced in the filluments.

The fact that the characteristic S-min oscillation period of the photosphere, is clearly
present in the two large fibrils seen in Figure 4(b) (see Figure 3(b)). could suggest that
the photospheric motions trigger the oscillations in the prominence. The 8-min to 16-min
periods. that are observed in the fibrils, are not apparent in the power spectrum of the
photospheric Sit line. These longer period oscillations in the filament could in turn be
generated by agitation at its footpoint where the 5-min period is dominant.

The observed oscillatory changes in He central intensity cannot be ascribed to seeing
or other atmospheric effects. and they are. therefore, deemed to be of solar origin. It
is of interest to compare the radiative energies associated with these oscillations with
estimates of potentially available mechanical energies in the fibril structures. Using a
continuum intensity /'™ ~ 1.0 x 10°¢rgem “s 'sr 'A ') (Labs and Neckel.
1970, 1973). the intensity amplitude of ~ 2% in the central intensity of the Hel line
(42 =~ 0.5 A) associated with these fluctuations corresponds to a radiative flux at
A10830 AL FI%30 L 10%ergem 25 . Possible variations in line widths, which are
normally less than about 20°, (see Tsubaki and Takeuchi, 1988). could impose only
minor modifications of this amplitude value.

One cannot readily convert these fluctuations into a corresponding value for the total
radiative flux variation since different lines respond differently to small changes in the
atmospheric parameters. We may, however, attempt to make an order of magnitude

.
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estimate of the fluctuation in the total flux by considering the brightness of the Her line
to other bright emission lines of prominences. Using line fluxes of guiescent promi-
nences observed by Yakovkin and Zeldina (1963). Engvold (1978). Milkey er al. (197%).
Vial (1982). and others, together with values of the line emission predicted {rom
theoretical models of prominences (Heasley and Milkey. 1976). one finds that the total
emission from a prominence is casily = 20 times the flux from the Het 210830 line alone.
From this we estimate the observed fluctuations in the emission of a quiescent promi-
nence to be F = 2% 10%ergem 7 L

An estimate of a possible MHD wave cnergy flux in the fibril structures may be
derived from the expression

F, >»’~,'(,I|'D"i'\ . (3)

where pos the gas density. 11 the amplitude velociny of the oscillations, and T an
Hoem U ~2kms 'and
t

assumed Aven velocity. Using the values p~ 10
o~ 70kms tand get £~ T4 x 10%ergem s

One may assume that a fraction xof this flux is converted 1o radiative energy per umt
fength, and that the thickness of the fibril structure in the fine-of-sightis L. The resulting
radiative flux should then be F~ 2f . Tooking nearly perpendicular 1o the tibnl
structure of thickness 1= 10°=107 km (Engvold ef of.. 1989). one obtains values for F
in the range T4 - 10" % 1o 14 % 10y terg em 7~ "), which compared with the
estimated values of F,; above would yvield x < 10 7 Hence. the radiative energy
associated with the oscillations appears negligibly small in comparison with estimates
of wave energy in the structures.

On the other hand. weak dissipation coupled to density luctuations driven by Altveén
waves (Hollweg, 1971) in the ilament tibrils could account for the observed intensity
variations, but the waves would need to undergo negligible damping for this reason

The time behaviour of the velocity is strikingly similar for ditferent points along a given
fdament fibril (pomts 1-14. and 15-19 i Figure Sta)) showing that the entire tibril
structure takes part in the motion. It has been proposed that oscillations with periods
A-11 mm could be Alfven waves propagating along magnetic loops of solar promi-
nences (Soloviev, TY85). Jensen (19830 1989) has shown that dissipation of® Alfvenic
wave energy in prominences may provide support in the ficld of gravity. The scarch for
phase velocities in the oscillating filament fibrils. and the possible Alfvenic character of
these oscillations is discussed ina subsequent paper (Yi Zhang, Engvold. and Jensen.
1991).

4.3 LiFFnIMsES

It has been noticed that the observed periods of oscillations are comparable to the
lifetime of the fine-scale structures (threads and knots) of quiescent prominences

{Engvold, 1976). Suematsu e ¢f. (1990) noticed quasi-oscillatory intensity vartations of

periods ~ 10 min in the Ca 1 K line from a quiescent prominence, which agrees well with
the oscillatory periods measured in the present data. Cross-correlation of the filament
image gives an e-folding time of ~ 13 min. in good agreement with the above.




STRUCTERE AND ONCHEATIONS 1N QUIESCENT PROMINENCEN m

The fact that the tibril structures are moving. partly due to oscillatory motions. and
partly becuuse motions in the photosphere will displace thin magnetic dux ropes forming
the tibrils, will lead to 4 continuous restructuring of the small-scale fibrils. Assuming
photospheric low velocities of < 0.5kms ', the anchor points of flux ropes could move
a distance comparable to the observed scale of the fibrils (<300 km) in ~ 10 nmun.
Cross-correfation analysis may then lead to lifetimes of similar values.

In conclusion. the measured lifetimes of the small-scale structures m prominences
(hlaments) very likely reflect combination of (i) intensity modulations and (i) physical

reshutfing of small-scale fibril structure.
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