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Abstract.

Oscillations of coronal loops — subject of theoretical work for a long time — can
help to determine coronal plasma parameters not otherwise accessible. Therefore,
the Doppler oscillations recently observed by the SUMER, spectrometer on SOHO
are of extreme interest and constitute a significant contribution to the old, but
rejuvenated field of coronal seismology. High-velocity oscillation events in hot
EUV flare lines are seen almost every time these lines brighten. Such events seem
to be a common feature of active region loops. The oscillations always have an
impulsive trigger and are strongly damped while they cool down. Lines formed at
normal coronal temperatures do not show any signature of these oscillations.
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1. Introduction

Any elastic system can oscillate in its specific eigenmodes. This basic
rule applies for anything including the Sun itself, for the solar inte-
rior as well as for the solar corona. While helioseismology is a well-
established scientific field, which in the last decade has brought new
insight into the physics of the solar interior, this was not the case for
the dynamics of the solar corona: coronal seismology never reached the
importance of helioseismology, although the theoretical background
was prepared 30 years ago (Aschwanden 1987, Roberts et al. 1984)
by applying similar physical laws. However, observational evidence
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was scarce. There have been numerous radio observations in the 1 s
domain and isolated observations of oscillatory motions in prominence
loops (Vrsnak et al. 1990), but it was not possible to observe periods
longer than 60 s in a systematic manner. Since 1999, however, TRACE
has been observing transverse loop oscillations with periods of several
minutes (Aschwanden et al. 1999), and the SUMER spectrometer on
SOHO (Wilhelm et al. 1995) has found strong Doppler-oscillations in
emission lines of highly-ionized iron with even longer periods. This
communication will describe the recent SUMER results and the inter-
pretation in the light of existing models. We will also compare the
TRACE events to the SUMER events.

2. The observations
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Figure 1: Intensity map and velocity map (scaled to + 50 km/s, red shifts
are dark) of a typical recurring oscillation event, observed in the 1118 A
Fe X1X line.

The first SUMER oscillation event was described by Kliem et al.
(2002) as a strongly damped oscillatory Doppler flow in Fe XXI emis-
sion. Since then, more than 100 events have been observed during
four campaigns, suggesting that oscillations in hot coronal loops are
frequently occurring events. Typically, the spectrometer slit was posi-
tioned at a fixed-slit position 50”—100" off-disk above a near-limb ac-
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Table I: Physical parameters of 54 SUMER Doppler-oscillation events

Parameter Average ‘ Range ‘
Oscillation period P 17.6 £ 5.4 min | 7.1-31.1 min
Decay time Ty 14.6 £ 6.9 min | 5.5-37.3 min

Doppler-oscillation amplitude V;, 98 + 75 km/s | 13.3-315 km/s
Derived displacement amplitude A | 16.4 £+ 14.1 Mm | 1.8-54.1 Mm
Ratio of decay time to period T4/P 0.84 £0.34 0.33-2.13

Number of periods observed N, 2.3 £ 0.7 1.5-5

Time lag of radiance peak ATy 8.5 + 13.1 min | -2.5-52.5 min
Radiance peak duration ATy 36.2 £ 27.0 min | 10-141 min
Number of radiance peaks Ny 1.5 £ 0.7 1-3

Speed of phase propagation ¢ 43 £ 25 km/s | 8-102 km/s

tive region and segments of the spectral window from 1100 to 1150 A
were telemetered to the ground. This spectral range provides emis-
sion lines covering the wide temperature range from 4000 K to 10 MK
(Feldman et al. 1999, Curdt et al. 2001). A typical example of an
oscillation event observed in Fe XIX — a species normally not found in
solar spectra — is shown in Fig. 1. After a sharp rise from zero, the
radiance of FeXix falls off gradually. In the Doppler map, however,
three periods of a strongly damped oscillation are seen, re-triggered af-
ter ~80 min. We determined a period of ~28 min for both oscillations.
From the fact that a loop can be triggered several times, we conclude
that the events normally do not change the overall structure of the
loop system. The oscillatory Doppler flows are exclusively observed
in lines formed at temperatures >6 MK. However, a few observations
exist, where signatures are also seen in transition region lines like Si 111
(Kliem et al. 2001). Some events are related to C-class flares, but the
majority of the SUMER events is invisible elsewhere, i.e. below the
detection limit of any other instrument like EIT, TRACE or GOES.
However, in cases when context images reveal the loop geometry, a
more detailed analysis of the event can be done (Wang et al. 2002 a).
The physical parameters derived from 54 selected oscillation instances
are summarized in Table 1 (cf., Wang et al. 2003 b).
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3. Interpretation

Three immediate questions arise: How does the trigger work?” What is
the physical nature of the oscillation? Which process is responsible for
the strong damping? The first two questions will be discussed here.
For this analysis we have studied the light curves in emission formed
at different temperatures throughout typical oscillation events.

3.1. THE TRIGGER

The trigger is obviously impulsive. Almost instantaneously, highly-
ionized species dominate the coronal spectrum at a well-defined slit
position, sometimes spatially and temporally correlated with brems-
strahlung. This suggests an impulsive energy release in the active
region loop, which is often recurring. While the ’heating’ curve is
too steep to be resolved, the cooling of the plasma, which can be ob-
served in the decreasing ionization stages for more than an hour (cf.,
Fig. 2). Some events are correlated to activities observed by EIT, SXT
or TRACE. These context images show that the trigger is released at
the sunward side and probably evolves at the footpoints from where it
rises as a bright emission front. The cooling curve starts to fall expo-
nentially, but finally falls off very rapidly. This may support models
predicting a run-away cooling process (’coronal rain’).

3.2. THE LOOP MODEL

On April 16, 2002, an oscillation event with reduced damping was
observed. The event was clearly seen over six periods in the velocity
curve. In this case, a ripple of 15 % was also visible in the light curve.
And after subtraction of the general background trend for darkening,
the intensity oscillation became obvious, as depicted in Fig. 3. The
intensity curve has a phase shift of exactly 90° relative to the Doppler
flow. This new result from recent work of Wang et al. (2003a) is
a convincing indication for a compressive wave. Together with other
evidence (Wang et al. 2003 b), this suggests that compressive waves
are causing the majority, if not all of the Doppler-oscillation events,
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Emission peak during oscillation event on 26 Sep 2000
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Figure 2: Cooling curve of the Sep 26 event

although the periodic radiance fluctuation is difficult to observe in
cases of strong damping. We now assume that the SUMER events
are standing magneto-acoustic waves in slow mode. The propagation
speed ¢, which can be derived from the loop length L and the period
P by

c=2L/P (1)
is related to the density and the magnetic field B (Roberts 2002) via
1/ =1/ +1/c (2)

where the speed of sound, ¢, and the Alfvén speed, ¢4 depend on
¢? = kpo/po (Laplace) and (3)

CA:B/\/E, (4)

k denoting the compressibility.

Using this model, we have access to physical parameters of the
oscillating loops, and this is what makes our observations so interesting
(Nakariakov & Ofman 2001, Schmelz 2002).

4. TRACE oscillations and SUMER oscillations

We have compared the physical parameters of the TRACE events com-
piled by Schrijver et al. (2002) to our results (Wang et al. 2002 b,c).
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Figure 3: Light curve and velocity curve of the April 16 event

The histograms in Fig. 4 showing oscillation period, damping time,
maximum Doppler velocity, and maximum displacements of both in-
struments (Curdtet al. 2002) do not look very different at first glance.

This and the as-we-thought missing brightness oscillation led to
the idea, that both instruments are seeing the same phenomenon.
However there are three strong arguments in favour of a different
interpretation: the SUMER results show that the oscillations occur
exclusively at temperatures >6 MK, a temperature range not accessi-
ble to TRACE, secondly, SUMER sees most oscillations during minor,
hardly detectable subflare events, while TRACE needs M- or C-class
flares, and finally SUMER observes axial Doppler-oscillations, while
TRACE observes transverse intensity variations.

Since February 2002, the HESSI probe is in orbit. Lin et al. (2002)
report that HESSI sees a sea of microbursts stemming from 5 keV
electrons. These could be perfect candidates for the trigger of the
SUMER events. However, joint observations with HESSI are still to

6 Hvar Obs. Bull. 23 (2002) 1, 1-14



W. CURDT ET AL.: SUMER LOOP OSCILLATIONS

Semple number
o
T
1
Sample number

=20 2 4 6 8101214161820 22242628303234
0 F 4 6 8 101271416 1820222426 28 3032 34
Osclllation parfad (min) Demping time {min)
" | O ] 20 | | ]
19 TRACE SUMER. | TRACE SUMER -
RN E g 15 1
z g ]
E 1 E 4
2 a - 2
= &g - J
3 2
& i
“— ] ]
4 5 -
: e % [T
[+] a
[+] 3> 60 80 120 150 180 210 240 270 300 330 & 5 10 15 20 25 33 35 40 45 50 53

Maximum Deppler velocity (km/'s) Ma=imum dispiocement (Mm)

Figure 4: Statistical overview of TRACE results and SUMER results

come. We have also started to look for signatures in radio data.

5. Summary

Doppler oscillations in hot coronal loops have never been observed
before. We do not know yet, whether this phenomenon is of any
relevance for the transport of energy into the solar corona. It certainly
provides a new method for the measurement of physical parameters
in the solar corona and thus has the potential to re-open the field of
coronal seismology.

We have demonstrated that coronal loops exist, which are only
temporarily visible, namely when being filled and activated. To the
ongoing debate whether heating is a steady or an impulsive process,
SUMER observations suggest a scenario, where pulses occur continu-
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ously, but randomly and at a low level. Finally, this result is a clear
demonstration of the importance to fly high-resolution spectroscopes
on board of future solar missions.
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