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ABSTRACT

On 11 July 2001 an EIT shutterless campaign was con-
ducted which provided 120 high-cadence (68s) 304Å im-
ages of the north eastern quarter of the Sun. The most in-
teresting feature seen in the data is an off-limb half loop
structure along which systematic intensity variations ap-
pear to propagate from the top of the loop towards its
footpoint. We investigate the underlying cause of these
propagating disturbances, i.e. whether they are caused by
waves or by plasma flows. First we identify 7 blobs with
the highest intensities and follow them along the loop.
By means of a location-time plot, bulk velocities can be
measured at several locations along the loop. The veloc-
ity curve found this way is then compared with charac-
teristic wave speeds and with the free-fall speed in order
to deduce the nature of the intensity variations. Addi-
tional information is derived by measuring the relative
intensity enhancements and comparing the EIT 304Å se-
quence with Big Bear and 171Å data. The idea of slow
magneto-acoustic waves is rejected, and we find several
arguments supporting that these intensity variations are
due to flowing/falling plasma blobs.

1. INTRODUCTION

Propagating intensity variations in magnetic loop struc-
tures are often seen in the solar atmosphere and are of
great importance for coronal seismology and the under-
standing of coronal heating mechanisms. Some show
a periodic behaviour and are most often classified as
slow magneto-acoustic waves propagating along coro-
nal loops. Especially oscillations observed by the high-
resolution imager TRACE [1, 8, 3] or simultaneously in
the 171̊A TRACE bandpass and the EIT 195Å bandpass
[7] are highly documented. According to [3], most of
the EUV propagating disturbances propagate outwards
from the footpoints of large diffuse coronal loops at an
almost constant speed of 120±40 km s−1 associated with
emission intensity perturbations generally lower than 6%
of the background. Typically, the propagating intensity
variations damp very quickly and no manifestations of

downward motions are found. References [6] and [10]
developed a theoretical model interpreting these periodic
intensity oscillations as damped slow magneto-acoustic
waves in a stratified atmosphere.
Two other contexts in which intensity disturbances are
observed are cooled flare loops and prominences. In both
cases propagating intensity variations are attributed to
plasma material falling down along the magnetic legs of
a coronal loop (bundle) and since the plasma density and
temperature are never homogeneous, the cool plasma is
seen as falling bright blobs in cool chromospheric lines
like Hα and CaII [e.g. 11, 4].
In this paper, to the best of our knowledge, the first report
is given on propagating disturbances in the EUV band
304Å, a wavelength band observed by e.g. the Extreme-
ultraviolet Imaging Telescope, EIT. The dominant part of
the plasma emitting in the EIT 304Å band has temper-
atures from 60000 to 80000 K. As a consequence both
plasma cooling down after a flare or draining from a cool
prominence is visible in EIT 304̊A, as well as waves and
instabilities propagating in plasma at these temperatures.
Therefore, it is not evident to understand the nature of
intensity variations in this EUV band when no clear or
evident cause is noticable nearby, like in the data studied
in this paper.
Since the time cadence of the EIT 304Å instrument is
limited to 6 hrs in nominal mode, the data are taken using
the so-called EIT shutterless mode. In this program, the
shutter is kept open so that a high cadence is achieved and
intensity variations with periods of the order of a minute
can be observed. For a detailed description of the tech-
nical details of the EIT shutterless mode, we refer to [2].

2. OBSERVATIONS

As shown in Fig. 1, the field of view of the 304Å se-
quence under analysis is the north-east quarter disk of
the Sun. The EIT-campaign ran from 16:00 UT until
18:28 UT and 120 full-resolution images (416×416 pix-
els) were taken with a 68 seconds time cadence. Running
the sequence as a movie, several interesting dynamic fea-
tures become visible. The most remarkable feature is an
off-limb loop structure above active region NOAA 9538
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Figure 1. One of the frames in the EIT 304Å shutterless
sequence.

Figure 2. SXT image of the flare region at 17:48, over-
plotted by the contours of EIT 304Å. The white-coloured
contour, corresponds with the downward motion in EIT.

showing intensity variations propagating downward dur-
ing the whole sequence (in what follows we will abbrevi-
ate these propagating disturbances as PDs). South of this
loop, a smaller and more complex off-limb loop structure
expands and brightens up.
As described in the introduction, such intensity variations
are often observed in Hα, propagating downward along
cooled-off flare loops. Therefore we first investigate the
available data in other wavelengths (see Table 1) to check
whether the PDs are flare related. According to GOES,
indeed a C2.4 flare went of in the field of view with its
peak occurring at 17:11 UT. However, as can be seen
on Fig. 2, there seems to be no clear relation between
the flare and the downward motions along the PD-track.
The low-lying bright and expanding off-limb loops in the
EIT-sequence appear at exactly the same location as the
SXT flare, and so they are most probably (post)flare loops
cooling down. On the other hand, the white-coloured
long contour, north of the flare site, corresponds with the

Table 1. General characteristics of the data available in
the time frame of the EIT shutterless on 11 July 2001.

Instr. Bandpass Start-End Cad. # Ims.

EIT 304Å 16:00-18:28 ∼68 s 120

TRACE 171̊A 16:00-18:20 30 s 227

SXT Soft X-ray 15:10-16:12 irreg. 33
Soft X-ray 16:46-17:50 irreg. 33
Soft X-ray 18:25-19:20 irreg. 14

Big Bear Hα 15:43-00:33 30 s 1060

EIT 171Å 01:00-19:16 ∼6 h 4

EIT 195Å 00:00-23:48 12 min 111

EIT 284Å 01:06-19:22 ∼6 h 4

PD-track in EIT. Throughout the whole SXT sequence,
there is no sign of this loop nor the propagating inten-
sity variations and also the other high temperature regions
visible in 171̊A, 195Å and 284̊A show no sign of the PD-
track. The flare loops south of the PD-track on the other
hand are observed in much detail.
In conclusion, since it has no hot counterpart and it does
not have the typical long duration characteristics of a flare
loop (it remains at the same altitude), the PD loop system
is most probably not a cooling (post)flare loop. More-
over, the intensity variations are observed before the flare
even went off and therefore we conclude that these two
phenomena are not closely related.
Is it visible in lower temperatures then? Since the signal
in the EIT 304̊A bandpass is dominated by HeII emis-
sion of plasma around 80000K, we hope to see similar
plasma features in the Hα line which emits at chromo-
spheric temperatures (∼20000K). Hα images from the
Big Bear Solar Observatory in California indeed show
bright signatures of the loop’s footpoint. Moreover, some
bright dots higher up perfectly correspond to the down-
ward moving blobs in EIT. Therefore we can conclude
that the bright ‘blobs’ seen in EIT 304Å are collections
of cool plasma in hotter surroundings.

3. DETAILED ANALYSIS DISTURBANCES

In order to analyze the downward motions in further de-
tail, we follow the method used by [11] in their analysis
of intensity variations along off-limb loops in Hα. Al-
though the loops in [11] are cooled-off flare loops in con-
trast to the PD loop system, the bright plasma blobs they
observed moving downward along the flare loops look
very similar to the intensity variations we observe in the
EIT shutterless sequence. Since, in addition, both loop
systems have the same height, approximately105km, we
follow the same method.
First we select different ‘blobs’ of enhanced intensity in
order to follow them in time throughout the whole se-
quence. Second, we outline the PD-track and plot loca-
tion versus time so that intensity disturbances propagat-
ing along the analyzed structure show up as clear diag-
onal bright bands. In a third step, the evolution of the
identified ‘blobs’ can be followed and the velocities cal-
culated by measuring the slope of the bright ridges. From
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Figure 3. Left: The track of the intensity variations, outlined in 1 frame of the EIT-sequence (at 17:58). Right: Location-
time plot of the outlined track. The location numbers in the left figure correspond to the numbered black lines on the right.
The ridges due to the blobs passing by are labelled B1 to B7.

the comparison of the velocities with characteristic wave
speeds and the free-fall speed, together with the apparent
amplitudes of the intensity variations, the nature of the
intensity variations can be deduced.

3.1. Identification of ‘blobs’ and evolution

By means of difference images (from each frame we sub-
tract the frame taken roughly 5 minutes earlier), the con-
trast of the images in the sequence can be enhanced and
7 bright ‘blobs’, propagating down along the curved PD-
track can easily be identified in 3 images taken at 3 dif-
ferent times in the sequence (see Fig. 4).
We outline the track most of the blobs are following (see

Fig. 3a) and collect the intensity information of each pixel
(+ neighbouring pixels) along the track for each frame in
the sequence. In this way, the intensity profile along the
track at timet is constructed. The set of these profiles for
each moment in time are combined in the location-time
plot in Fig. 3b. Clear bright ridges with a negative slope
show up in the plot, corresponding to the ‘blobs’ which
move down along the track. The fact that the bright ridges
are not straight but curved shows that the velocities of the
different blobs are not constant but increasing. All blobs
seem to follow this evolution. By measuring the slopes
of each ridge at several locations along the loop (marked
by the numbers in Fig. 3a and the black horizontal lines
in Fig. 3b), we can calculate the apparent speed of the
intensity variations at each location. We write ‘apparent’
since, taking into account the line-of-sight projection ef-
fects, the measured values are only a lower limit for the
true propagation speeds. All the measured speed values
are combined in Fig. 5. The locations 1 to 7 along the

loop are translated to their projected heights above the
limb and at each location, the mean of the different mea-
surements of the ridge’s local slope is plotted. All dat-
apoints form a compact cloud of speeds increasing from
top (105 km) to limb (0 km).
Before we proceed with the interpretation of the mea-
sured speeds, we first calculate the effect in the loop’s
intensity when blobs pass by.

Figure 4. Three difference images taken at 16:27, at
17:09 and at 17:58, allowing for the identification of the
7 blobs moving down along the PD-track.
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Figure 5. The measured speeds of each ‘blob’ at several
locations along the loop.

Figure 6. The intensity evolution (in DN) in time at 4
positions along the track: A, B, C and D (see Fig. 3b).

3.2. Amplitudes of the intensity variations

In order to calculate the amplitudes of the propagating in-
tensity variations, we choose 8 different positions along
the PD-track and at each position, we plot the intensity
profile in time in order to measure the intensity enhance-
ment associated which each ‘blob’ passing by. In Fig. 6,
we show the profiles at heights A, B, C, and D, indicated
in Fig. 3b as dashed lines. Remark the different scales of
the vertical axes in the four plots of Fig. 6. The numbers
of the different blobs passing by are indicated in the plots.
The two intervals of missing data in each plot correspond
to the two data gaps in the sequence.
The amplitudes associated with each blob at each loca-
tion are measured by calculating the relative intensity
enhancement with respect to the background intensity.
However, as it is clear in Fig. 7, the background intensity
along an arbitrary radial cut starting from the solar limb
and moving outwards, is strongly decreasing. Therefore
we first subtract at each location the absolute minimum
intensity at that location, lowered by the absolute min-
imum value at location A so that nothing is subtracted
at the top of the loop, and this procedure has only effect
at smaller heights and especially close to the limb. The

Figure 7. The intensity profiles along the PD-track (from
limb to top) at different moments in time.

Table 2. The relative intensity enhancementdI/I of each
of the 7 blobs (columns), after the subtraction of the min-
imal intensity for each location, at 8 different positions
along the track (rows).

Pos. B1 B2 B3 B4 B5 B6 B7

606:A / 35.8 39.0 29.5 20.0 / 64.2

514 17.4 31.1 23.8 12.2 28.0 44.8 51.1

438:B 27.9 31.1 / 18.4 / 92.1 47.9

361 30.3 40.9 / 29.3 / 141.9 77.7

280:C 19.9 / 22.0 15.7 115.7 115.7 62.0

208 18.6 / 23.9 24.9 98.6 90.2 61.8

120:D / / 15.5 41.8 111.3 80.7 41.8

45 / / / 54.4 112.3 84.9 42.8

mean 22.9 34.7 25.9 28.3 66.7 92.9 56.2

st.dev 5.9 4.7 11.6 14.1 9.4 30.2 12.4

dn=n 11.5 17.4 13.0 14.2 33.4 46.5 28.1

calculated values are summarized in Table 2. To get an
idea of the relative density enhancementdn/n which is
related to this, the value fordI/I divided by two is a good
approximation sinceI ∝ n2.
Still we need to put these values in perspective. Although
the calculated values give quite a fair idea of the intensity
enhancement associated to a blob passing by, the magni-
tude of the values is strongly dependent on the method of
background subtraction, i.e. the removal of effects which
are not related to the loop itself. In addition, all values
are based on the intensity variations alongthe specified
trackvisualized in Fig 3a. As it is clear in this figure, not
all blobs follow exactly the same track along the loop:
blob 6, the elongated bright structure already reaching
the limb, clearly starts at an ‘off-track’ position and only
follows the outlined track at later times. As a result, the
ridge of ‘B6’ only appears at later times and a lower posi-
tion in Fig. 3b. These deviations also influence the results
in Table 2.
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Figure 8. The measured ‘blob’ speeds at several loca-
tions along the loop, together with the theoretical free-fall
speed along a 100Mm vertical structure (solid line), along
a semi-circular loop (dashed) and along a semi-circular
loop which is tiltedπ/4 away from us (dotted-dashed).

4. INTERPRETATION OF PERTURBATIONS

As explained in the introduction, intensity variations in
the solar atmosphere can be caused by several different
mechanisms. Also, it is not evident to categorize the dis-
turbances as being a wave or plasma flowing along the
loop.
A first possible indication for waves is periodic behaviour
of the disturbances. Since Fig. 3b and Fig. 6 show
bright blobs passing by at quite regular times (although
some blobs seem to elongate when they move closer to
the limb), we compare the (projected) speeds we found
with characteristic wave speeds. Since most of the
waves found in the chromosphere or corona are inter-
preted as slow magneto-acoustic waves, we first calculate
the typical value of the sound speed in plasmas within
the observed temperature range 6-8×104 K. Assuming
the plasma to be isothermal, we use the formulaCs =
152

√
T m/s to find a typical sound speed ofCs ≈ 40

km s−1. Most speed values measured in Sect. 3.1 are
definitely larger than this estimate (see Fig. 5), especially
taking into account that they are only a lower limit for the
true propagation speeds.
Another comparison we can make concerns theampli-
tude. Reference [3] measured the amplitude of the
TRACE intensity variations as a percentage of the av-
erage background intensity and got an average relative
amplitude of 4.1±1.5% within the range 0.7-14.6%. The
maximum relative change in brightness they found dur-
ing the analyzed sequence was 7.4±5.8%. The ampli-
tudes we measured are given as a percentage of themini-
mumintensity but nevertheless, since our values convinc-
ingly exceed both the amplitudes as the maximum rela-
tive brightness change of the TRACE waves, we are con-
fident to conclude that the propagating disturbances in the
EIT sequence have a substantially larger effect on the in-
tensity than a typical coronal wave.
A third difference with the bulk of waves observed in the
solar atmosphere is thetime evolution of the speed. Ac-
cording to [3], most waves travel with constant speeds
around 150 km s−1 which is the typical sound speed

Figure 9. [11]: Flow velocities along a 100Mm flare loop
leg: Doppler velocities in 3 slightly different loop shape
models (asterisks) and the velocities of the blobs dis-
placements (other symbols). The dashed line represents
the free-fall velocity. (With kind permission of Kluwer
Academic Publishers)

in the corona. In contrast, the intensity variations ob-
served in the EIT sequence are propagating with increas-
ing speeds along the loop. They are observed along a
100 Mm high loop and do not show any sign ofdamping
while the TRACE-waves all damp heavily so that they
are only observed within the first 20 Mm along the loops.
And a last but very striking difference: TRACE waves
are only observedpropagating upwardswhile the bright
blobs we see all movedownwards!
These last arguments all point into the direction of plasma
blobs flowing/falling down along the magnetic field lines.
The gravitational acceleration would explain the increas-
ing speed of the bright blobs and the fact that we only
observe variations propagating downwards. In order to
check this hypothesis we compare the speed values found
above with thefree-fall speedfrom a height of 100 Mm.
In Fig. 8, the solid curve represents the free-fall speed
along a vertical structure, i.e. perpendicular to the limb,
with a height of 100 Mm. The measured speed values
seem to follow this curve quite reasonably, especially
close to the loop top. The fact that they are all smaller
than the theoretical speed could be caused by the projec-
tion effect, although the deviation becomes larger when
moving closer to the limb. The dashed curve in Fig. 8
takes into account loop curvature and represents the free-
fall speed along a semi-circular loop. The dotted-dashed
curve assumes an angle ofπ/4 between the loop plane
and the plane of the sky, i.e. the plane of the loop is
still perpendicular to the solar surface but tilted with re-
spect to the plane of the sky. The choice of the angle
π/4 is rather arbitrary but not unrealistic seen the curva-
ture and structure of the loop. Larger angles would lower
the curve even more, smaller angles would more closely
approximate the dashed curve. Since several parameters
are uncertain, e.g. the exact height of the loop, the exact
curvature (in addition deformed by helicity) and the pro-
jection angle, we could play around with these curves in
order to fit the data more closely.
Even so, for each plotted curve in Fig. 8, there is a
strong deviation from the free-fall speed close to the limb.
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The blobs seem to be decelerated by some extra process.
This effect is seen earlier in almost all speed analyses of
plasma blobs coming down along solar flare loops, see
e.g. the results found by [11] in Fig. 9. It is clear from
the plot that they found a very similar departure from
the free-fall velocity in the lower part of the loop. As
reviewed by [11], several explanations for such plasma
deceleration are proposed by different authors: a global
variation of the loop’s magnetic structure during the typ-
ical fall-time of the blobs, deceleration of cool blobs as
they move inside a hotter plasma, deceleration by a pre-
sumed helicity of the magnetic field inside the loops or by
shock waves generated at the footpoints of the loops due
to the interaction of downflows with denser parts of the
atmosphere. Hence, the deceleration of the speeds in the
lower part of the loop seem to be generally observed and
seen the possible explanations, it does not exclude at all
the idea of the observed intensity variations to be falling
blobs.

5. SUMMARY AND DISCUSSION

We investigated the EIT shutterless sequence taken at 11
July 2001 in the 304̊A bandpass, and in particular the
propagating intensity variations seen along an off-limb
half loop. Since there was no evident cause noticable in
the direct neighbourhood of the so-called ‘PD-track’, we
studied the characteristics of the intensity variations prop-
agating downward in order to interpret them as waves or
as a flow. A multi-wavelength analysis of the time frame
of the shutterless sequence revealed that the PD loop sys-
tem was not flare-related and that the bright ‘blobs’ con-
sist of cool plasma in a hotter surrounding.
We analyzed the propagating disturbances in more de-
tail using a method developed by [11] in their analysis
of intensity variations along off-limb flare loops in Hα.
Seven ‘blobs’ were identified, propagating down along
the loop track with speeds ranging from 30 to 120 km
s−1, increasing in time. The mean intensity enhance-
ments caused by disturbances range from 23 to 93 % of
the background intensity.
As a first step in the interpretation of the intensity varia-
tions as waves or flows, the parameters found in the anal-
ysis are compared with the typical parameters of slow
magneto-acoustic waves observed in the solar corona.
This comparison led to several anomalies: the speed at
which the disturbances travel is higher than the local
sound speed, and it increases in time while a typical wave
propagates with a constant speed. Furthermore, the inten-
sity variations along the PD-track do not show any sign
of damping and their amplitudes substantially exceed the
intensity enhancements seen in waves. Last but not least,
waves are only observed propagating upwards while the
bright blobs we see all move downwards. Based on the
fact that these wave characteristics are all essential ingre-
dients in the theoretical model developed by [6], we can
conclude that the intensity variations along the PD-track
arenot slow magneto-acoustic waves.
The flow hypothesis, on the other hand, looks more
promising. The measured speeds are closely related to
the theoretical free-fall speed and taking into account the
uncertainties concerning the projection angle, the curva-
ture of the loop and the exact loop height, this hypothesis

looks reasonable. Only in the lower part of the loop, the
speeds clearly deviate from the theoretical curves. This
effect is observed earlier in almost all speed analyses in
flare loops and several explanations can be found.
However, despite the similarities with flows, the wave
theory cannot be excluded yet. It is tempting to think of
the quite regularly spaced blobs as a result of some kind
of instability or wave. However the theory by [9] stating
that bright blobs in flare loops are created by a sausage
instability under a certain condition for the gravity poten-
tial, can be rejected in this case since the bright blobs do
appear while the necessary condition is not satisfied [2].
Also the idea of kinetic Alfv́en waves, propagating down
in trains of waves with different frequencies, is problem-
atic in several ways [2].
The flow hypothesis raises some questions as well. Espe-
cially the formation of the blobs is an intriguing problem.
One of the theories we are investigating at this moment
is the ‘heating-condensation-evaporation cycle’. A loop
which is only heated at the footpoints becomes thermally
instable so that mass rises up from the footpoints to the
top. This mass condensates at the cool lop top and falls
down due to gravity. The depleted loop reheats and fills
up again by chromospheric evaporation. This idea could
explain the bright blobs seen in our data. It was investi-
gated earlier for short loops [5] and will now be checked
for longer loops.
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