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ABSTRACT

An EIT shutterless campaign was conducted on 11 July
2001 and provided 120 high-cadence (68s) 30.4 nm im-
ages of the north-eastern quarter of the Sun. System-
atic intensity variations are seen which appear to prop-
agate along an off-limb half loop structure. In this pa-
per we study the nature of these intensity variations by
confronting the EIT observations with simultaneous Hα
images from Big Bear Solar Observatory. The two im-
age sets are carefully co-registred by means of a new
technique designed to compare data of two different in-
struments, and later overplotted in order to visualize and
compare the behaviour of the propagating disturbances
in both data sets. Since the same intensity variations are
seen in the EIT 30.4 nm and in the Hα images, we con-
firm the interpretation of De Groof et al. (2004) that we
are observing downflows of relatively cool plasma. The
origin of the downflows is explained by numerical simu-
lations of catastrophic cooling in a coronal loop which is
heated predominantly at its footpoints.

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 for the un-
derstanding of coronal heating mechanisms. Some show
a periodic behaviour and are most often classified as
slow magneto-acoustic waves propagating along coronal
loops. Others are observed in flare loops or prominences
and are attributed to plasma material falling down along
the magnetic legs of, respectively, a coronal loop after the
eruption of a solar flare, or a prominence.
In the EIT 30.4 nm channel, propagating disturbances
were first reported by De Groof et al. (2004). Due to the
broad wavelength band, not only plasma at temperatures
around 60000 K (He II) is observed but also contributions
of other lines like Si XI and Fe IX emitting at higher tem-

peratures. As a consequence both plasma cooling down
after a flare or draining from a cool prominence can be
visible in EIT 30.4 nm, as well as waves propagating in
plasma at these temperatures. Therefore, when no clear
cause is noticable nearby, the nature of intensity varia-
tions in this EUV band is not evident to understand.
The data which are analysed in this paper are part of a so-
called ‘EIT high-cadence synoptic program’. This pro-
gram, developed by the Royal Observatory of Belgium
(Clette 2000), takes every 3 months a sequence of 120
images in ‘shutterless mode’ (i.e. the shutter is forced
to stay open during the whole sequence), allowing for a
time cadence of 68s. Instead of the normal full disk field
of view (1024×1024 pixels), the EIT shutterless program
is limited to a subfield of 416×416 pixels. The technical
details and the calibration needed for this EIT shutterless
mode are described in De Groof et al. (2004) (hereafter
referred to as Paper I).

In Paper I, we concentrated on the analysis of the EIT
30.4 nm shutterless campaign carried out on 11 July
2001. The most intriguing feature present is an off-
disk loop-like structure above active region NOAA 9538
which shows intensity variations propagating downward
during the whole sequence. South of this loop, a smaller
and more complex off-disk loop structure expands and
brightens up. In our search for the origin and nature
of the intensity variations, the EIT 30.4 nm data were
compared with co-temporal data from TRACE (17.1 nm),
Yohkoh-SXT (soft X-rays), the other EIT wavelengths
(17.1 nm, 19.5 nm and 28.4 nm) and Big Bear Solar Ob-
servatory (Hα). From this multi-wavelength study we
concluded that none of the high temperature data showed
any sign of the loop-like structure under analysis nor the
intensity variations. The small loop structure expanding
and brightening south of the downward motions on the
other hand, was seen to be related to a C2.4 flare. The
confrontation to lower temperature plasma looked more
promising: in a first comparison between the EIT 30.4 nm
and the Hα data of Big Bear Solar Observatory, similar
intensity variations showed up in both wavelength bands.
This could proof the EIT blobs to be cool plasma concen-
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trations falling along magnetic field lines.
In the present paper, we report on a more thorough in-
vestigation of the similarities between the bright blobs
seen in EIT 30.4 nm and the ones in Hα. By carefully
co-aligning EIT and Hα, we compare on a pixel-to-pixel
basis the features observed by both instruments.

2. DATA DESCRIPTION

The EIT 30.4 nm shutterless campaign, carried out on 11
July 2001, lasted from 16:00 UT until 18:28 UT and re-
sulted in a sequence of 120 images, interrupted only by
two gaps allowing each for a LASCO C2 image. The
field of view is the northeast quarter disk, 416×416 pix-
els wide with a resolution of 2.6 arcsecs per pixel.
On the same day, the Big Bear Solar Observatory
(BBSO), located in Big Bear Lake, California, took 1060
Hα images between 15:43 and 00:33UT at a cadence of
30 seconds. However, during the time EIT was observ-
ing as well, only the images taken between 17:45:15 and
18:11:15 and a few images around 16:30 show the same
FOV without too many technical defects and artifacts.
Before these 56 full disk images (2032×2032 pixels with
1.05 arcsecs per pixel resolution) could be compared with
the EIT 30.4 nm data, the raw data were first calibrated by
the BBSO team (Yurchyshyn - private communication),
i.e. dark current subtraction, flat fielding and contrast en-
hancement were performed.

Since the emission recorded by EIT 30.4 nm and by
BBSO is filtered in a different way, the comparison of
the two wavelength bands reveals important information
about the location and temperature of the plasma which
is observed. As mentioned before, in the 30.4 nm channel
of EIT plasma of different temperatures is observed. The
dominant part has a temperature around 6.0× 104 K, due
to the He II line at 30.4 nm. In addition, emission from
Fe IX (17.1 nm) and Si XI (30.3 nm) is detected which
results in a slightly weaker peak around one million K
(see Fig. 9 in Delaboudinière et al. 1995). Whether emis-
sion caught on the CCD is due to hot or cool material
can only be decided by comparing the EIT 30.4 nm im-
ages with images taken in other wavelength bands, e.g.
by EIT 17.1 nm (dominated by Fe IX), and with the emis-
sion from cool chromospheric lines like the Ca II-line and
Hα.
There is no such uncertainty for the light recorded on the
Hα images. The 15 cm telescope at BBSO, monitoring
the whole sun, is equipped with a very narrow bandwidth
filter, centred on the Hα spectral line (656.28 nm). With
a filter bandpass of 0.05 nm, only light close to the Hα
wavelength is recorded.

In order to overlay the EIT and BBSO images and com-
pare the features on a pixel-to-pixel basis, the two image
series should be limited and rebinned in such a way that
they show the same field of view on the same number of
pixels. This co-registration technique must overcome the
difference in wavelength, in spatial resolution (2.6”/pixel
for EIT vs 1.05”/pixel for BBSO), in time resolution

(≈68s and 30s resp.), and in field of view (18.2’×18.2’,
roughly a quarter disk, and 35.7’×35.7’, full disk, resp.).
In addition, there are deformations of the images, inde-
scribable in translations, which lead to a non-circular so-
lar limb or a slight rotation of the solar disk around the
solar centre. Especially the BBSO images, taken from
Earth, suffer the most from these deviations.

3. CO-REGISTRATION TECHNIQUE

The procedure we follow for the co-registration starts by
selecting one BBSO image and one near-simultaneous
EIT image. The selection of the region to be analysed
is done in the BBSO image; in the EIT image a slightly
larger region is selected so that all features visible in the
BBSO selection are also included in the EIT selection.
Since, apart from the deformations described above, the
differences between the two instruments and filters lead
to differences in the plasma shown in the images, con-
trast, resolution, etc., standard techniques like cross-
correlation are difficult to use. Therefore, we follow a
totally different approach: with the aid of n pairs of cor-
responding points, i.e. n locations on the solar surface
or in off-disk plasma which can be recognized in both
wavelengths, we look for a transformation of the EIT
pixels to the new BBSO field of view. The theory we
apply to find the transformation between the n pairs of
points is often cited as a camera model for perspective
images (e.g. Semple & Kneebone 1979): points on the
so-called ‘world plane’ are mapped to points on the ‘im-
age plane’ (suffering from perspective projection) by a
plane to plane homography, also known as a plane pro-
jective transformation.
The detailed mathematical description of this theory can
be found in De Groof et al. (2005). The main idea is that
a matrix H is constructed describing the homography be-
tween the world plane and the image plane: X̄ = Hx̄
(Mundy & Zisserman 1992).
For n correspondences we obtain a system of 2n equa-
tions in 8 unknowns. If n = 4, an exact solution is ob-
tained. However, when the data are not perfect like in this
case, it is better to use more than four points to calculate
H . Then the matrix is overdetermined, and H can be esti-
mated by a suitable minimization scheme. For reasons of
covariance of the estimated matrix, we use singular value
decomposition to estimate H (in vector form).

We now apply the theory described above to the two im-
age series we want to compare. We consider the selected
part of the BBSO Hα image as the ‘world plane’ and a
similar (but larger) selection of the EIT 30.4 nm image as
the ‘image plane’, as shown in Fig. 1. Both images are
enhanced or calibrated in a special manner to show maxi-
mal contrast (see Sect. 4.1) and to simplify the rest of the
algorithm, the images are rescaled to 400×600 pixels.
In the next step we choose five corresponding points in
each image and mark them by crosses. It is important to
choose these points as far apart as possible in order to in-
crease the quality of the transformation. The coordinates
of the five points in the EIT image are now transformed to



Figure 1. Left: The processed Hα image taken at 17:53:45
UT. The brightness of the off-disk region is enhanced in order
to clearly show both the features on- and off-disk (see Sect. 4.1).
Right: The partially calibrated EIT 30.4 nm image at 17:53:57
UT. Only the subfield which is to be transformed is shown.

the BBSO image by calculating the transformation matrix
H (see algorithm above). In order to validate the trans-
formation, we plot in Fig. 2 (left) the marked points of
BBSO together with the transformed EIT points on the
BBSO Hα image. The small differences in the location
of the crosses are mainly due to the errors made in the
positioning of corresponding data points.
The last step now consists of transforming the whole EIT
image (or better, the part which really corresponds with
the BBSO selection) to the coordinate system used for the
BBSO image. The result is shown in Fig. 2: the trans-
formed EIT 30.4 nm image is shown on the right hand
side and can be compared with the Hα image on the left.

4. DETAILED COMPARISON OF DATA SETS

As described in the introduction, the solar activity we
want to analyse shows up as intensity variations propa-
gating downward for at least two hours along an off-disk
loop structure. This feature resembles a train of bright
blobs moving down the magnetic loop structure, both in
the EIT 30.4 nm shutterless sequence (where seven blobs
were defined in Paper I) as in the Hα data. Since we deal
with moving features, the co-registration of these data
sets should be seen over a wider time span and movies
should be compared. In order to visualize the similarities
and differences in both wavelengths, both image series
should be overlaid in such a manner that the bandpass in
which each feature was observed is still visible and, on
the other hand, overlapping features (present in both data
sets) are clearly recognized. We will test different kinds
of visualization techniques and evaluate these in terms
of contrast, visibility of overlapping features, stability (in
movies), etc. Before we start overplotting both image se-
ries, we try to find the best possible presentation of both
images separately.

1

2

3

0

4

Figure 2. Left: The BBSO selection showing the marked
points in this image, together with their counterparts which are
marked in EIT and transformed to the BBSO coordinate system.
Right: The EIT 30.4 nm selection after transformation, showing
the same field of view as the BBSO image on the left.

4.1. Visualization of both image series

Although we are especially interested in the off-disk re-
gion, the standard processing of BBSO Hα data aims to
maximally enhance the on-disk features. Therefore we
manually enhance the off-disk region intensity while the
on-disk region is left unchanged (see De Groof et al.
2005, for details). This technique is used to visualize
the Hα image in Figs. 1 and 2 (left). Note that due to
the fixed intensity value set as limiting boundary between
the on-disk and off-disk region, some very bright off-disk
regions like the flare loops show (unphysical) intensity
jumps.
Raw EIT shutterless images, on the other hand, show a lot
of noise and artifacts due to the telescope’s aging and the
peculiar use of the instrument during a shutterless pro-
gram. The latter effects are described in detail in Paper I.
For the standard contaminations we use a variant of the
‘EIT PREP’-program since the full program (available in
the IDL Solar Soft Library) cannot be applied on shut-
terless sequences (the normal response function applied
in EIT PREP is not adapted to the extra complications of
shutterless images, so we choose to skip this correction in
order to keep an optimal contrast in the images and more
specifically in the downflow region). The resulting EIT
30.4 nm images of the selected and co-registered region
are shown in Figs. 1 and 2 (right).

4.2. Overplotting both image series

A first technique we use to visualize the correspondence
between the images is to overplot the BBSO data with a
contour plot of EIT. In Fig. 3 (left) two near-simultaneous
images taken by both telescopes are corrected in the way
described above and overplotted by means of a contour
plot. The features seen by both instruments, like the
downflow region, the flare loops, the prominence off-



Figure 3. Left: Hα image of the off-disk-loop region
at 17:54:45, overplotted by the contours of EIT 30.4 nm at
17:55:05. The contour north of the flaring loop corresponds
with the downward motion in EIT. Right: Idem but overplotted
in colour coding. EIT is shown in red, BBSO in green.

disk and some bright regions on-disk, seem to match very
well. Nevertheless, contours tend not to show all the
information available because contour lines are too far
apart, while on the other hand additional contour lines
make the plots too messy and are too overwhelming when
used in movies (see movie ‘degroof-contour.gif’). This
visualization technique is perfect to study the data of one
instrument in detail with the data of another instrument
(in contour lines) as reference. But when the full informa-
tion available in the two datasets is important, this tech-
nique does not satisfy all needs.

A second technique which can be used to overlay two
similar images consists in displaying each image in one
particular colour channel, for example one image in red
and the other in green. In this way, features which are
only visible in one of the two images show up in the orig-
inal colour of that image, red or green, while overlapping
features get a composite colour, yellow in this case. For
this technique, it is important that both images are dis-
played with a similar brightness to avoid that overlapping
features are not recognized due to a dominant brightness
in one of the two channels. However, the width and peak-
ing of the wavelength band of each instrument can cause
certain plasma temperatures or densities to show up very
brightly in the one and quite weak in the other image.
On one hand, this is an excellent tool to extract informa-
tion about the characteristics of the plasma we are observ-
ing. On the other hand, this complicates the technique of
overplotting since some features visible in one channel
could be hidden by their dominant brightness in the other
channel. Therefore the individual images should never be
exluded from the analysis.
Taking this into account, the results are very promis-
ing. In Fig. 3 (right), we overplot the same images as

Figure 4. Top: The track of the intensity variations in one
frame of the Hα-sequence (at 17:49). Bottom: Location-time
plot of the outlined track. The horizontal solid lines correspond
with the numbers in the top figure; the dashed lines correspond
to the locations where velocities were measured in EIT. The
slopes of the blue lines correspond with these velocities. Inset:
a less bright close-up of the base of blob 5.

used in Fig. 3 (left) but now in colour coding. Only for
the Hα image, an extra tool is used: the intensities in
the off-disk region are shown with the aid of the edge-
detection procedure Sobel which marks the largest gradi-
ents in intensity. In this way the fairly weak falling blobs
are better visible. This technique gives very good re-
sults when used in movies (see movies ‘degroof-col1.gif’
(with edge-detection) and ‘degroof-col2z.gif’ (zoomed,
without edge-detection)).

4.3. Comparison of downflows: blobs and speeds

As shown by the movies, the sequence of downflowing
blobs that was first seen in the EIT 30.4 nm is perfectly
recognizable in the co-registered Hα images. This proves
that the phenomenon is indeed of chromospheric nature
and not a coronal contribution of the Si XI line in the
EIT bandpass. An extra argument to draw this conclu-
sion is found by comparing the speeds of the blobs seen
in EIT 30.4 nm and Hα. The speeds of the EIT blobs
were analysed in Paper I and found to form a compact
cloud of speeds increasing from roughly 40 km s−1 at the
top of the loop (100 Mm) to about 120 km s−1 near the
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Figure 5. The speeds of each ‘blob’ at several locations along
the loop. The arrows point to measurements done in Hα .

limb. These measurements were done by fitting the slope
of the bright ridges showing up in a location-time plot
(Fig. 6 of Paper I). In Fig. 4, a similar location-time plot
is made, now for Hα . First we outline the track that most
of the blobs are following (top figure) and collect the in-
tensity information of each pixel along the track and the
pixels in its direct neighbourhood for each frame in the
sequence. All counts in a box of 5 by 5 pixels around
each track pixel (spanning 5 arcsec) are summed together
and used to construct the intensity profile along the track
at time t. The set of these profiles for each moment in
time are combined as columns in the location-time plot
in Fig. 4 (bottom). When compared to Fig. 6b of Paper
I, this plot is limited in time. The Big Bear Hα images
are only available from 17:45 to 18:11 which leads to a
restriction to the so-called blobs 5 and 6 seen in the EIT
data. The downward movement of these two blobs along
the loop track shows up in Fig. 4 (bottom) as the two
bright ridges with a negative slope, running from the up-
per left corner of the image to the bottom (see labels B5
and B6 in the figure). There is also a limitation in space
because the blobs are not seen as far from the limb as
in the EIT 30.4nm images. Therefore a comparison can
only be made with the speeds found for the EIT blobs 5
and 6, and up to a height around 60 Mm above the limb.

By measuring the slopes of each ridge at several loca-
tions along the loop (marked by the numbers in the top
figure and the horizontal solid lines in the bottom figure),
we can calculate the apparent speed (plane-of-sky speed)
of the intensity variations at each location. In order to
compare the speeds of the Hα blobs shown here with
the speeds measured in the EIT images, we overplot the
bright ridges in Fig. 4 (bottom) with straight blue lines
which slopes correspond to the EIT blob speeds. Each
line is centred on the location where the speed was mea-
sured (horizontal dashed lines). As it is clear from this
figure, these lines outline the Hα bright ridges almost per-
fectly which means that the speeds measured in Hα and
EIT 30.4 nm match very well.
We also put the newly measured speed values on a
location-speed plot (similar to Fig. 7 in Paper I). Fig. 5
shows the measured speeds of each ‘blob’, measured in

Figure 6. Touchdown of blob 5 in the BBSO images (left) and
in the EIT images (right). The white circle in each EIT image
points to the part related to this particular blob.

30.4 nm and Hα, at several locations along the loop. The
speeds measured in Hα (for blobs 5 and 6) are indicated
by arrows at the bottom of the figure. Again there is
a good agreement between the speeds measured in both
wavelengths. The uncertainties close to the limb are due
to the often broad base of the bright ridges in the location-
time diagrams.

4.4. Comparison of downflows: blob appearance

Although the speeds of the blobs seen in both wave-
lenghts match very well, the way the blobs show up in
both image series is clearly different, as illustrated by
Fig. 6. In general, the Hα blobs are smaller and more
compact than the bright plasma in EIT 30.4 nm. Sec-
ondly, EIT 30.4 nm shows much more material higher up
as compared to Hα. The BBSO Hα images only show
blobs close to the limb, even while some blobs higher up
are very bright in EIT 30.4 nm. Apart from these gen-
eral differences, Fig. 6 also illustrates a different behav-
iour in time: only in Hα, the blob brightens up while
falling down. In EIT 30.4 nm, the blob’s intensity does
not change significantly and most blobs even disappear
in 30.4 nm before they touch the solar surface.



Since these differences might reveal a lot about the
plasma being observed, sound arguments should be found
to explain the nature of the downflows. The reason why
the blobs in Hα are smaller and more compact than in
EIT 30.4 nm might be that EIT 30.4 nm shows plasma in a
much wider temperature band than Hα. Only the coolest
parts of the EIT blobs show up in Hα and due to the in-
creasing radiative loss in denser plasma, these parts are
likely to be the ‘cores’ of the blobs.
The difference in intensity high above the limb, on the
other hand, could have several reasons. First it could be
an instrumental effect since BBSO is not designed to see
any features off-disk. By enhancing the contrast (4.1),
we were able to detect some features close to the limb
but any features further out could still be hidden. This
could also explain why the blobs look brighter closer to
the limb. Another reason might be that the blobs high up
are still too hot to show up in Hα while they have cooled
down at the time they nearly reach the limb. This expla-
nation is also supported by the fact that for several blobs,
at touchdown, the footpoint shows up bright only in Hα
and not in EIT 30.4 nm. Finally, it is possible that cool
blobs higher up in the loop are not seen in Hα because
the loop structure is bended at larger heights so that the
line-of-sight velocity of the blobs causes a shift of the Hα
emission off-band of the narrow filter. This happens fre-
quently in prominence observations.
The third important difference, the variation in the
blobs’ intensity while falling down, could be caused
by an instrumental effect, as explained before, or by the
effect of a cooling loop. However, especially close to
the limb, the varying intensity of the blobs could also be
caused by the so-called ‘Doppler-brightening’ (in case of
Hα ) and ‘Doppler dimming’ (He II 30.4 nm). These
brightness changes are induced by velocity-dependent
variations in the atomic-level populations and conse-
quently in the radiation intensity in the wavelenghth
range of the instrument’s filter. Heinzel & Rompolt
(1987) showed that these effects can play an important
role provided that the vertical velocity is of the order of
100 km s−1 or more and the density is not too high so
that the scattering of the disk radiation dominates the line
source function.

5. SUMMARY AND DISCUSSION

In this paper we studied in detail two high-cadence, co-
temporal data sets of off-disk intensity variations along a
half loop, taken at 11 July 2001. The first image series
was taken by EIT (in shutterless mode) in a broad wave-
length band around 30.4 nm, the second was taken from
earth by Big Bear Solar Observatory at the wavelength of
Hα (656.3 nm). Both data sets show bright blobs moving
down at similar (increasing) speeds. In order to compare
them in more detail, we first designed a co-registration
technique which coaligns both image series as good as
possible in space and time (Sect. 3). As a next step, in
Sect. 4, several visualization techniques were tested in
order to show both types of images with maximal con-
trast and similar brightness. In this way, both image se-

ries could be overplotted in order to study similarities and
differences in space and time. In this particular example
the second technique using colour coding was found to
give the most satisfying result.
These co-registration and visualization techniques were
then used to compare the behaviour of the plasma blobs
in the EIT 30.4 nm and the BBSO Hα images. We con-
cluded that the same cool plasma is seen by both instru-
ments but due to differences in the width of the spec-
tral window and consequently in the temperature of the
plasma observed, the blobs show up in a different way in
both image series.

All results support the idea of the bright blobs being cool
plasma condensations falling under gravity. The most
promising theory to explain the origin of the blobs is
the ‘heating-condensation-evaporation cycle’ simulated
in long coronal loops by Müller et al. (2005). A detailed
report on this study is given in another paper in these pro-
ceedings, by Müller, De Groof, De Pontieu & Hansteen.
Simulations done in loops comparable to the PD-loop
show condensation regions and high-speed downflows
comparable to the ones observed in EIT 30.4 nm and
BBSO Hα. However, more high-cadence observations of
off-disk coronal loops are needed to confirm or reject the
catastrophic cooling scenario. The distribution of blob
speeds as a function of height above the limb should be
studied and compared to the theory. For example obser-
vations of blob speeds which are first increasing and then
decreasing close to the solar limb, would strengthen the
concept of falling plasma condensations. However, ob-
servations of blobs approaching the limb at high speeds
(close to free-fall) don’t necessarily reject this hypoth-
esis; this could indicate that part of the loop underneath
the falling blob has been evacuated by a different process.
Since the basis of the catastrophic cooling theory is a con-
tinuous (time-independent) heating at the coronal foot-
points, an extended investigation could give us important
insight in the nature of the heating mechanism(s) acting
in the overall corona.
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