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Abstract. A comprehensive case and statistical study of CME onsets has been conducted on the
solar limb using the CDS, LASCO and EIT instruments aboard the SOHO spacecraft. This is the
first dedicated campaign to establish firmly the EUV signatures of CME onsets and is based on a
series of low-corona observing campaigns made in 2002. The event database consisted of 36 multiple
emission line sequences observed with CDS and the study builds, in particular, on studies of EUV
coronal dimming which have been associated with CME onsets. We witness a range of dimming
events in EUV coronal emission line data. Shorter events, commonly of duration < 4 hours, we find
are indirectly associated with CME onsets whereas longer-duration dimmings (> 4 hours) appear
to be either due to coronal evolution or rotational effects. However, for some CME onsets, where
the CDS pointing was appropriate, no dimming was observed. Dimming observed in EIT typically
occurred immediately after the launch of a loop or prominence, and in 5 out of 9 events there is
evidence of a matter buildup within the loop before launch. A total of 10 events occurred where
CDS was used to directly observe the CME footprint, but no relationship between these events was
found. The results suggest that the response of the corona to a CME launch differs between the low
(1.0 R ≤ R ≤ 1.2 R ) and middle (1.2 R < R ≤ 2.0 R ) corona regions, hence implying a
difference between dimming observations conducted with different instruments.

1. Introduction
The coronal mass ejection (CME) has been established as an important component
of the mechanism driving the interaction between the Sun, the interplanetary magnetic field and the Earth. A CME is the release of a large quantity of matter through
the solar corona, caused by the eruption of the local solar magnetic field. Reviews
of the work covered on CMEs include Hundhausen (1997), Howard et al. (1997)
and Webb (2000).
A connection has been made between CMEs and solar flares, and CMEs were
originally believed to be caused by flare activity (e.g., Dryer and Wilson, 1979).
Exhaustive study of the relationship between these two phenomena in white light
(using coronagraph data, e.g., Webb and Hundhausen, 1987), radio (e.g., Wagner
and MacQueen, 1983; Gary et al., 1984), X-ray (e.g., Simnett and Harrison, 1985;
Harrison, 1986) and Hα (e.g., Munro et al., 1979) have since proven that this is
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not the case. Evidence against the so-called ‘flare-myth’ (Gosling, 1993) include
the discovery that geomagnetic storms and CMEs are not always accompanied by
Hα or X-ray flares (Joselyn and McIntosh, 1981; Munro et al., 1979; Webb and
Hundhausen, 1987; Harrison and Sime, 1989) and in many cases, the projected
CME onset precedes any associated flare (Harrison et al., 1985; Harrison and Sime,
1989). There is frequently an association between the two, and it is conceivable that
the same physical mechanism may be responsible for both.
One enigmatic mechanism is that which triggers a CME onset. Identifying an
onset region is difficult with coronagraphs as these instruments block the low
corona with an occulting disk. However, height–time plots of CMEs observed
in these instruments can be produced to estimate a launch time, and low-coronal
responses to the CME onset can be identified using X-ray and EUV instruments.

2. Coronal Dimming
One possible indicator of CME onsets is a phenomenon known as ‘coronal dimming’. Coronal dimming is a depletion of brightness in the low corona, typically
associated with CME activity. It was first detected in coronagraph and X-ray data in
the mid-1970s (Stewart et al., 1974a, b; Rust and Hildner, 1976) and more recent
data from the Soft X-Ray Telescope (SXT) aboard the Yohkoh satellite (Sterling
and Hudson, 1997; Gopalswamy and Hanaoka, 1998), Extreme-Ultraviolet Imaging Telescope (EIT) (Thompson et al., 1998, 2000; Zarro, Sterling, and Thompson,
1999; Gopalswamy and Thompson, 2000) and Coronal Diagnostic Spectrometer
(CDS) (Harrison and Lyons, 2000; Harra and Sterling, 2001; Harrison et al., 2003)
aboard the Solar and Heliospheric Observatory (SOHO) have refocused workers’
attention. Briefly, the following points have been published with regard to coronal
dimming:
(1) Coronal dimming has always been associated with overhead CMEs (e.g.,
Rust and Hildner, 1976; Sterling and Hudson, 1997; Thompson et al., 1998; Harrison and Lyons, 2000) and it is easiest to observe for CMEs near the solar limb.
(2) The height above the solar limb for the dimming region is typically ≥ 1.1 R
(Stewart et al., 1974a, b; Harrison and Lyons, 2000; Harra and Sterling, 2001) and
can extend out to ∼ 2.5 R (Gopalswamy and Hanaoka, 1998), which presumably
reflects the local extent of the closed magnetic field lines.
(3) Dimming generally begins ∼ 30 min before the projected onset of the CME
(Stewart et al., 1974a, b; Rust and Hildner, 1976; Harrison and Lyons, 2000).
However, Gopalswamy, St Cyr, and Kaiser (2001) discussed an event where the
dimming began 3 hours before the projected CME onset and Thompson et al.
(1998) show an event where the dimming began just after the projected onset.
(4) Maximum dimming generally occurs well after CME launch, usually after
the CME has travelled several solar radii (Sterling and Hudson, 1997; Thompson,
1998; Thompson et al., 2000; Harrison and Lyons, 2000; Gopalswamy and
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Thompson, 2000), and may continue for several hours after the CME has passed
(Harrison and Lyons, 2000; Harrison, Howard, and Simnett, 2002; Harrison et al.,
2003).
(5) As with the CMEs, dimming is often associated with ‘surface’ features
such as filaments (Rust and Hildner, 1976; Gopalswamy and Hanaoka, 1998; Harrison et al., 2003), flares (Fisher and Munro, 1984; Sterling and Hudson, 1997;
Thompson et al., 2000; Gopalswamy and Thompson, 2000; Gopalswamy, St Cyr,
and Kaiser, 2001; Harra and Sterling, 2001) and prominences (Gopalswamy and
Hanaoka, 1998; Harrison and Lyons, 2000), and is typically linked with an active
region (Rust, 1983; Harrison and Lyons, 2000).
(6) Mass lost from the dimming region is similar to that contained within a
CME (Rust and Hildner, 1976; Fisher and Munro, 1984; Harrison and Lyons, 2000;
Harrison et al., 2003).
(7) In one case it is claimed that matter appears to leave the dimming region
upwards (away from the Sun) with a speed of ∼ 100 km s−1 , much slower than that
of a typical CME (Harra and Sterling, 2001).
There appear to be three major questions which remain unresolved in literature
to date concerning coronal dimming:
(1) Is coronal dimming an accurate signature of a CME onset? That is, can we
use an observation of dimming to determine that a CME has occurred and is there
a one-to-one relationship between dimming and CME occurrence?
(2) Is the dimming always due to a loss of matter from the corona, and if so how
is this matter related to that contained within the CME?
(3) Are the coronal dimming events observed with different instruments (e.g.,
X-ray, EUV), and in different regions of the corona due to the same physical
phenomena?
The purpose of the present study is to investigate the low corona in an attempt
to address these questions. This is the first comprehensive campaign to establish
firmly the EUV signatures of CME onsets. Specifically, the objectives are to compare EUV observations of the low corona (1.0 R ≤ R ≤ 1.2 R , observed
by CDS) with those in the middle corona (1.2 R ≤ R ≤ 2.0 R , observed by
EIT) to establish the response of these regions to the launch of an overhead CME.
Henceforth the above definitions of ‘low’ and ‘middle’ corona are used.

3. Instruments and Observing Sequence
The primary instrument for the present study is the Coronal Diagnostic Spectrometer (CDS, Harrison et al., 1995). It consists of two spectrometers fed by a
Wolter–Schwartzchild II grazing incidence telescope. A single exposure typically
represents one EUV spectrum for a 240×4 arc sec slit, which is rastered to produce
a 240 × 240 arc sec image of a region of the Sun. The spatial resolution of each
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TABLE I
Ions and temperatures chosen for the JOP 67 CDS
sequence.
Ion (Å)

Wavelength
range (Å)

Temperature
K

He I 584.33
O V 629.73
Mg IX 368.06
Fe XVI 360.76
Si X 347.40
Si X 356.04

583.5 – 585.2
629.0 – 630.6
367.6 – 368.6
360.3 – 361.3
347.1 – 348.1
355.6 – 356.6

20 000
250 000
1 000 000
2 000 000
1 300 000
1 300 000

image is 2 × 1.68 arc sec. Emission lines chosen for this study, along with the
approximate temperatures needed for their detection, are shown in Table I.
The limited field of view (FOV) of CDS prevents the imaging of the entire Sun
with a cadence suitable for observing CME onsets, so an observing sequence with
cadence below 1 hour has been chosen. Observations are hence restricted to a threeraster mosaic of 4 × 4 arc min frames, or a single image with area 4 × 12 arc min,
and cadence ∼ 50 min, for each of the six emission lines. This scheme, described
in detail by Harrison and Lyons (2000), is labelled Joint Observing Programme
(JOP) 67. In accordance with previous work with the JOP 67 sequence (Harrison
and Lyons, 2000; Harrison, Howard, and Simnett, 2002; Harrison et al., 2003), this
study focuses on the solar limb.
We also use data from the Large-Angle Spectroscopic Coronagraph (LASCO,
Brueckner et al., 1995) and the Extreme-ultraviolet Imaging Telescope (EIT,
Delaboudinière et al., 1995). EIT is a full-Sun imager, filtering out a narrow band
of the EUV, with no spectral capability. While EIT observes the Sun separately at
several EUV wavelengths, the cadence for all but one wavelength is poor (typically
∼ 6 hours). For this reason, only data from the Fe XII 195 Å emission line has been
used in this study. This ion is common at temperatures of approximately 1.5×106 K
and for the data set in the year 2002 the cadence is around 12 min. LASCO
currently observes the solar corona using two telescopes, C2 (1.5–6.0 R ) and
C3 (3.7–30 R ). The cadences for the two coronagraphs are ∼ 25 and ∼ 35 min,
respectively.

4. Data and Analysis
During 2002, a total of 36 successful runs were produced using the JOP 67 sequence with CDS. These 36 runs formed the event database for the present study
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and are summarised in Table II. The last four columns indicate whether a CME
and EIT prominence was observed during or near the time, and near or within the
FOV of the CDS run. Also indicated is whether a dimming was observed in EIT
difference images. The last column briefly describes the features (if any) observed
in CDS during each run.
We define an area for detailed analysis, as done by Harrison and Lyons (2000)
and Harrison et al. (2003). The images for each emission line of each run were
obtained and the first image was subtracted from each in the run (e.g., Figure 1(a)).
The white box shown in Figures 1(a) and 1(b) consists of 33 × 109 pixels of total
size 66 × 183 arc sec. By adding the intensities of each pixel within the box a total
intensity was achieved for that emission line at that time. A background level was
then estimated by making Gaussian fits to the data, and this background subtracted
(Harrison et al., 2003). The result is an intensity value for a single emission line at
the time of the CDS exposure. Repeating this procedure across all rasters in a CDS
run, an intensity–time profile was developed for each of the six emission lines
across the time range of the CDS run. An example of an intensity–time plot for
the sequence shown in Figures 1(a) and 1(b) is given in Figure 1(c). Similar plots
can be found in Figure 8 of Harrison and Lyons (2000) (without the background
subtraction) and even-numbered figures of Harrison et al. (2003). The error bars in
these papers represent the uncertainty due to a Poisson noise associated with
√ the
total number of photons which interact with the CDS detector, estimated at 2N
for a total number of N counts per pixel (Harrison and Lyons, 2000).
The choice of box (e.g., Figure 1) can be somewhat subjective and the final
measurements of intensity (and consequently, the rate and variation of dimming)
can change greatly with changes in the box dimensions. A method was thus determined to reduce this uncertainty. This used the Simplex method (Nelder and
Mead, 1965) to reduce the ratio of the uncertainty from the Poisson noise and the
magnitude of the dimming between consecutive points. The objective was to obtain
a box which optimised the dimming/uncertainty ratio and was largely independent
of the location of the initial box selection. The method for obtaining such a box is
described below.
(1) An initial box size and location was chosen from inspection of the difference
images of a single emission line, and a total intensity obtained for each raster in
the sequence, in accordance with Harrison et al. (2003). The average uncertainty
from the Poisson noise e and the difference d between each pair of points in the
sequence was made.
(2) Starting with increments of ± 5 arc sec in each direction of each box dimension, the Simplex method was employed to minimise the e/d ratio, and this
minimum ratio and corresponding box dimensions were recorded for each pair in
the sequence.
(3) The average and standard deviation σ of the minimum e/d ratio and respective box dimensions for each pair were obtained, and the same for the box which
provided the absolute minimum e/d ratio across the sequence.
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TABLE II
Summary of results for the 36 events constituting the event database. Columns in order are the
number of the CDS JOP 67 run, date and run time period, and the quadrant on the solar limb
of the run (CDS pos.). The next four columns indicate the presence of a CME, EIT prominence
and EIT dimming event during the time and within the FOV of the CDS run. The last column
identifies the type of event observed in CDS. ‘Yes?’ and ‘No?’ indicate those events where the
CME or prominence was outside either the time range or FOV of the CDS run, and ‘No*’ shows
the events where an EIT prominence was associated with the CME, but was not near the solar
limb. Runs labelled with a dagger (†) show (here and in the following Tables) events used as
examples in the present report.
CDS
run

Date
2002

Time
UT

CDS
pos.

CME?

EIT
feature?

EIT
dim?

CDS
feature

24042
24075
24181
24214
24342†
24508†
24553
24804
24905
25009
25226
25267
25300†
25324
25377
25417
25486
25542
25559
25770
25782
25832
25880
25902†
25906†
25909†
25915
25997
26033
26216
26285
26304
26341
26359
26360
26464

20 Jan.
27 Jan.
19 Feb.
24 Feb.
10 Mar.
31 Mar.
7 Apr.
5 May
19 May
1 June
23 June
30 June
6 July
10 July
22 July
27 July
4 Aug.
10 Aug.
12 Aug.
8 Sep.
10 Sep.
15 Sep.
22 Sep.
26 Sep.
27 Sep.
28 Sep.
30 Sep.
15 Oct.
19 Oct.
10 Nov.
20 Nov.
23 Nov.
28 Nov.
1 Dec.
1 Dec.
15 Dec.

12:33 – 23:35
16:15 – 18:26
06:58 – 22:25
11:37 – 22:53
13:46 – 23:06
12:24 – 22:51
11:40 – 22:10
12:21 – 23:22
11:51 – 22:24
07:30 – 18:02
12:25 – 22:58
12:38 – 23:05
07:25 – 17:38
09:51 – 22:54
00:02 – 22:53
15:19 – 20:49
10:10 – 13:13
05:08 – 13:07
20:17 – 23:19
17:39 – 23:02
05:12 – 11:24
12:32 – 23:05
12:27 – 22:53
07:00 – 22:32
10:33 – 08:10
08:10 – 22:53
07:01 – 19:58
06:03 – 23:05
07:03 – 15:50
11:41 – 21:55
13:03 – 01:13
08:18 – 20:28
09:56 – 22:53
12:40 – 16:31
19:03 – 23:43
12:53 – 23:22

SW
SE
NW
NW
W
W
SE
SW
NE
NW
NW
W
SW
E
NW
W
SW
NE
NE
E
N
E
NW
SW
SW
SW
SW
NW
NW
W
SW
SW
SW
NW
NE
NW

Yes
No
Yes?
Yes
Yes
Yes
Yes
No
Yes
N/A
No
No
Yes?
Yes
Yes
Yes
Yes
No
Yes
Yes?
Yes
Yes
Yes?
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes?
Yes
Yes
Yes?
Yes?
No

No
No
Yes?
No*
No
N/A
No*
No
No
N/A
No
No
Yes?
No*
Yes
N/A
N/A
N/A
N/A
Yes?
No*
Yes
Yes?
Yes
Yes
Yes
Yes
No
Yes
Yes
No
No
Yes
Yes?
Yes?
No

No
No
No
No
No
N/A
No
No
No
N/A
No
No
Yes
Yes
No
N/A
N/A
N/A
N/A
Yes?
No
No
No
No
Yes
Yes
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No

None
None
Expanding loop
None
Heating
Short dimming
Prominence
None
Short dimming
Prominence
None
Short dimming
None
Heating
Heat+cool
Bursting loop
Expanding loop
Short dimming
None
None
None
Heating
None
Long dimming
Long dimming
Long dimming
Short dimming
Long dimming
Long dimming
Nothing
Bursting loop
None
Short dimming
None
None
None
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(4) Starting with the same initial box in (1), (2), and (3) were repeated for the
remaining emission lines. This gave a total of 6 mean (and standard deviation) and
6 minimum box dimensions and e/d ratios for each event.
(5) Including only those box dimensions for which the mean and those for the
minimum e/d ratio were within one σ of each other (e.g., |x̄min − xmin | ≤ σx min ,
where xmin is the minimum x coordinate of the box, x̄min the average and σx min the
standard deviation), the average and standard deviation σnew for the box dimensions
for all the emission lines was obtained.
(6) The average dimensions were the dimensions of the new box selection. The
total intensity was obtained once again for this new box and for each box with
dimensions ±1σnew . For example, where (Xmin , Xmax , Ymin , Ymax ) represent the
coordinates of the new box, its total intensity, along with those for (Xmin ± σnew ,
Xmax , Ymin , Ymax ), (Xmin , Xmax ± σnew , Ymin , Ymax ), etc., were obtained.
(7) The mean of the differences between the total intensity of the new box Inew
and those of the other boxes I±σ,i (the subscript i represents each variation of the
new box) represents the uncertainty δe. That is, δe = ave{|I¯new − I±σ,i |}.
Figure 1(c) shows an example of an intensity–time plot, along with error bars,
obtained using this method. In cases where the uncertainty from the above method
was smaller than that from the Poisson noise, the latter was used.
The bottom right panel of Figure 1(c) shows the ratio between the two Si X
347 Å and 356 Å emission lines, plotted over the same time interval as the emission
lines. Over a specific density range the Si energy level populations are influenced
by density, and so the ratio between the two lines can be used as a coronal density
diagnostic (Harrison et al., 2003, following Mason et al., 1997).
4.1. I DENTIFICATION OF CME ONSET REGION
Of the 36 CDS runs in the event database, 28 were associated with an overhead
CME which occurred during or close to the time period, and near the angular FOV
of the CDS run. In order to be compared with a CDS run conducted using the
JOP 67 sequence, the CME onset region must be near the solar limb. We searched
for evidence of activity in the corona using Fe XII 195 Å data from EIT. While such
activity may not be a signature of the CME onset itself, it does provide information
of the launch region of at least one leg of the CME. Such surface activity was noted
for 19 events, each associated with an overhead CME.
The onset time of the CME was estimated by extrapolating height–time plots
from LASCO back to 1 R , and this time was compared with that of the surface
eruptions observed with EIT. A total of 10 events showed a surface eruption within
the FOV of the CDS run, near the solar limb which occurred around the time of the
projected CME onset at 1 R .
In other words, during 2002 CDS directly observed the footprint of 10 CMEs
during their projected onset times. These are henceforth referred to as ‘onset events’.
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4.2. I DENTIFICATION OF DIMMING EVENTS
Until recently, dimming has been described as simply a depletion in intensity,
which appears in difference images of the instrument used. The ability of CDS to
observe multiple emission lines simultaneously provides an opportunity to distinguish between various possible causes of dimming in a particular line. In particular,
it shows us the difference between temperature changes and mass loss.
Previous studies of dimming with CDS have shown consistent reduction in intensity across all emission lines for the same time period (Harrison et al., 2003).
However, one event in Harrison et al. (their Figure 10) also showed a decrease in
one line (Fe XVI) over the same time period as an increase in another (Mg IX). This
is most likely due to a temperature change, in that case cooling, of the coronal
plasma. Several similar events were recorded in the event database for the present
study.
Harrison et al. (2003) provided a definition of a CDS dimming event governed
by the following:
(1) A dimming event must include at least two consecutive rasters with a decline
in intensity greater than three times the calculated uncertainty, or show a clear drop
in average intensity for a sustained period.
(2) Where possible a minimum in the dimming can be determined by the occurrence of at least two consecutive intensities which show either a constant value or
a rise.
We have used this definition with the added condition that the decline in intensity must not correspond to an increase in intensity for any other emission line.
Also, since the uncertainties using the optimum box technique tend to be higher we
have selected an intensity decrease of the calculated error (rather than three times)
as being sufficient for a dimming. EIT dimming is defined as a consistent decrease
in intensity over a given time period and fixed area.
5. Results
Table II shows a summary of the 36 events. A total of 28 CMEs were detected
in LASCO and of these, 19 had an associated EUV eruption observed in EIT. We
would expect a certain number of events to have an onset region on the far side
of the Sun, which probably accounts for an absence of such activity. The features
observed in CDS in the last column of Table II can be classified roughly into four
groups:
(1) Temperature changes have been described in the previous section. These are
events where an intensity–time plot shows a decrease in at least one line which
corresponds to an increase in another. The trends of the decrease/increase of the
emission lines indicate whether a heating or cooling has taken place.
(2) Dimming events occur when there is a simultaneous depletion of intensity
with time with across all emission lines, as described previously. In CDS, such
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events occurred either over only a few hours (short dimming) or across long periods
of time, continuing outside the time frame of the run (long dimming).
(3) Loop events describe loop-like structures appearing above the solar disk
observed in some, but not necessarily all, emission lines. These loops may increase
in size and intensity with time (expanding loop) or ‘break open’ at a given time
(bursting loop).
(4) Prominence events describe events where a large eruption of matter appears
for a brief time in the cooler lines (He I, O V).

6. CDS Events
6.1. T EMPERATURE
Four of the 36 events may be described in terms of a temperature change. Figure 1
shows an example of such an event, Run 24342, which occurred on 10 March
2002 from 13:46 to 23:06 UT and contained 42 rasters. The angular range for the
sequence was 249◦ –287◦ , or across the western equator on the solar limb. Two
CMEs occurred within the time range and FOV of the CDS run, both with an
approximate onset time of 16:43 UT. In this case no associated surface activity was
observed in EIT, and so it was not possible to identify an onset region for these
CMEs.
Figures 1(a) and 1(b) show the event in CDS O V and Mg IX emission lines
respectively. In each case the difference images, where the first image is subtracted
from those following, are shown. The white box has dimensions 33 × 109 pixels,
or 66 × 183 arc sec and indicates the region from which intensity measurements
were made. These measurements are shown for each emission line in Figure 1(c).
There is a decrease in intensity for the Mg IX (top left panel, diamonds) and the
two Si X lines (bottom left panel), which are common at temperatures 1 × 106 K
and 1.3×106 K respectively, from ∼ 17:00 to 22:00 UT. Throughout the same time
period there is an increase in intensity in the Fe XVI (top left panel, crosses), which
is common at 2 × 106 K. This implies that a heating, and not a reduction of coronal
mass has taken place.
6.2. D IMMING
As shown in Table II, 10 events are believed to be CDS dimming events, of which
6 were short dimmings and 4 long. Examples of each are shown in Figures 2–6.
6.2.1. Short dimming
The chosen example of a short dimming event occurred during Run 24508 on 31
March 2002 from 12:24 to 22:51 UT. The run consisted of 39 rasters and its angular
range was 259◦ –296◦ , or across the western equator. LASCO detected 4 CMEs in
the FOV of CDS during the course of this run, the first of which had an onset
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Figure 1. An example of an event which experienced a change in temperature, Run 24342 on 10
March 2002 from 13:46 to 23:06 UT (θ ≈ 249◦ – 287◦ ). Six 4 × 12 difference images in CDS (a) O V
and (b) Mg IX emission lines are shown with the first image subtracted from those following. The
white box in the far-right image has dimensions 33×109 pixels, or 66×183 arc sec. (c) Intensity–time
profiles obtained from the area indicated by the white box. The plots shown are: top left, Mg IX
(diamonds) and Fe XVI (crosses); top right, O V (stars) and He I (crosses); bottom left, Si X 347 Å
(diamonds) and Si X 356 Å (crosses); bottom right, the ratio between the two Si X line intensity
measurements. The arrows in the time axis show the projected onset time of the corresponding CME.
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TABLE III
Information on the 4 CMEs which occurred during CDS Run 24508 on 31
March 2002. The time of first appearance
in C2, projected onset time at 1 R and
angular range are shown.
Time 1st
C2 (UT)

Projected
onset (UT)

Angular
range θ

14:05:05
16:35:05
20:20:08
19:30:06

12:23
15:30
18:30
19:24

252◦ – 271◦
240◦ – 270◦
247◦ – 280◦
291◦ – 298◦

at around the same time as the start of the CDS run. Table III shows the time of
first appearance in C2, projected onset time and angular range for these 4 CMEs.
LASCO C2 images of each CME, obtained by subtracting the previous image in
the LASCO sequence (running difference), are shown in Figure 2(a).
Due to a dedicated high-cadence C2 campaign on 31 March 2002 there were no
EIT data available during this run. Figure 2 shows the raw and subtracted images
from CDS as they appeared in O V (Figure 2(b)) and Fe XVI (Figure 2(c)). The
white box shows an area of 29 × 69 pixels, or 58 × 116 arc sec.
Measurements of intensity from the white box for the sequence along with the
projected CME onset times are shown in Figure 2(d). There is a clear decrease in intensity across all lines during ∼ 15:00–17:00 UT. This indicates that the dimming
began approximately half an hour before the onset of the second CME (indicated
by the arrow) and continued until this CME was around 3 R from the Sun. Across
the same time period the silicon ratio dropped from ∼ 1.4 to ∼ 1.0. This, according
to Harrison et al. (2003), corresponds to a log density drop from ∼ 9.4 cm−3 to
∼ 9.0 cm−3 , and a mass loss of ∼ 8.3 × 1011 kg. Slight dimmings may also occur
during ∼ 18:30–19:30 UT and may be compared with the onset times for the third
and fourth CMEs, but these are regarded as insignificant.
Table IV shows a summary of the 6 short dimming results. Included are the start
and maximum dimming times and times of the CME onsets and EIT eruptions,
if such eruptions exist. Note that the example event is the only case where the
dimming begins before the CME onset. No CME was observed in 2 cases and no
surface activity noted in at least 2 (possibly 4) cases. In 3 cases the CDS dimming
began some time (30, 120, and 315 min) after the CME onset and in one case (the
example event), dimming began 30 min before the CME onset.
Also shown in Table IV is the estimated mass lost using the reduction in the
Si X emission line ratio. A clear reduction was observed in each of the 6 events and
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Figure 2. An example of a short dimming event, CDS Run 24508 on 31 March 2002 from 12:24 to
22:51 UT (θ ≈ 259◦ – 296◦ ). (a) LASCO C2 images of the 4 CMEs observed during this run. Images
shown were obtained at 15:05:05 UT, 18:35:06 UT, and 21:50:05 UT and in each case the previous
image has been subtracted. Projected onset times are 12:23, 15:30, 18:30, and 19:24 UT, respectively.
(b) O V and (c) Fe XVI emission line sequences are shown with the first image subtracted from those
following. The white box in the last column represents an area of 29 × 69 pixels, or 58 × 116 arc sec.
(d) Intensity–time profiles of the six emission lines and the Si X line ratios, obtained from the area
indicated by the white box. Each line is represented in the same manner as Figure 1. The arrows in
the time axis show the projected onset times of each of the 4 CMEs.
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TABLE IV
Summary of the results for the 6 short dimming events. The number of the CDS run and
the CDS dimming start times are shown along with the times at which maximum dimming
occurred and the projected CME onset time. The mass lost from the region estimated using the
reduction in the Si X emission line ratio (Harrison et al., 2003) is given. Also shown (where
appropriate) are the times at which a surface feature observed in EIT was associated with the
CME. The CME onset time labelled ‘2nd order’ indicates that a second-order polynomial was
fitted to the height–time plot to deduce the CME onset time.
CDS
run

Date
2002

Dimming
start
UT

Maximum
dimming
UT

Estimated
mass lost
kg

CME onset
time
UT

EIT feature
time
UT

24508†
24905

31 Mar.
19 May

15:00
17:00

17:00
19:00

8.3 × 1011
6.6 × 1010

25267

30 June

17:15

19:45

3.9 × 1011

25542

10 Aug.

07:30

11:00

2.1 × 1012

N/A
None
observed
None
observed
N/A

25915
26341

30 Sep.
28 Nov.

11:30
12:00

13:00
15:00

6.4 × 1011
–

15:30
16:29 (2nd
order)
None
observed
None
observed
06:14, 13:10
10:12 (2nd
order)

07:25
10:14

the estimated mass lost is in agreement with the values given by Harrison et al.
(2003) and also with Rust and Hildner (1976) and Fisher and Munro (1984). We
were unable to estimate the mass for the event during Run 26341 as the emission
line-ratio range was outside that of the model region given by Mason et al. (1997).
6.2.2. Long dimming
The chosen example long-dimming event was measured across three consecutive
CDS runs, which has not been done before. These runs were JOP 67 sequences
25902, 25906 and 25909 and occurred from 26–28 September 2002. The angular
range was identical for each, ranging from 234◦ –274◦ , or across the W–SW limb.
A total of 9 CMEs were observed during the time and FOV of the three runs.
Table V shows the date and time of first appearance in C2, the projected onset
times and angular ranges for each. Each CME, again obtained by subtracting the
previous LASCO C2 image, is shown in Figure 3.
Figure 4 shows CDS subtracted images from Run 25906, for O V (Figure 4(a)),
Mg IX (Figure 4(b)), and Fe XVI (Figure 4(c)). Note the loop in the OV images.
This was also observed in the He I emission line and is believed to be responsible
for distortions in the intensity measurements.
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Figure 3. LASCO C2 images of the 9 CMEs observed during (a) CDS Run 25902 on 26 September
2002. Images are shown for times 13:54:05 UT, 15:06:05 UT, and 22:06:05 UT with the image of the
previous time subtracted from each. (b) CDS Run 25906 on 27 September 2002. Here, images are
shown for times 02:06:05 UT, 09:54:05 UT, and 20:06:05 UT. (c) CDS Run 25909 on 28 September 2002 at 03:54:08 UT, 16:54:05 UT, and 20:06:05 UT. The far-right part of each panel shows
height–time profiles for the CMEs. The angular range for each CDS run was θ≈234◦ – 274◦ .
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TABLE V
Information on the nine CMEs which occurred during CDS Runs 24902, 25906, and 25909 on 26 – 28
September 2002. The date and time of first appearance in C2, projected onset time at 1 R , and angular
range are shown.
Date
2002

Time 1st
C2 (UT)

Projected
onset (UT)

Angular
range

26 Sep.
26 Sep.
26 Sep.
27 Sep.
27 Sep.
27 Sep.
28 Sep.
28 Sep.
28 Sep.

12:54:05
14:30:05
21:30:09
01:54:05
08:54:30
19:30:05
02:30:06
15:54:23
19:54:06

12:04
13:37
20:53
01:24
07:49
19:03
01:06
15:44
18:34

230◦ – 239◦
286◦ – 303◦
279◦ – 306◦
202◦ – 258◦
187◦ – 222◦
187◦ – 270◦
255◦ – 303◦
263◦ – 310◦
232◦ – 259◦

The white box in Figure 4 represents an area of 17×94 pixels or 34×158 arc sec,
and shows the region from which intensity measurements were made. The same
box was chosen for all three runs and the collective intensity–time profile is shown
in Figure 5. The projected onset times for each of the 9 CMEs are also shown.
Points of interest are listed below:
(1) Approximately 14 hours before the first run had passed since the last CME in
this quadrant was observed. This was a thin ejection (θ ≈ 243◦ –248◦ ) which first
appeared in the FOV of C2 at 17:06:05 UT on 25 September. The most recent large
CME (θ ≥30◦ ) in this quadrant appeared in C2 at 18:30:05 UT on 24 September,
36 hours before the start of the first CDS run. This implies that the corona was
relatively quiet in this region in the hours leading up to the start of Run 25902.
(2) The intensities at the start of the first run (25902) and the end of the last run
(25909) were approximately the same for the hotter emission lines. Assuming that
the dimming began around the start of the first CDS run, the period of the dimming/refilling cycle is approximately 57 hours. This time corresponds to that for a
solar rotation of some 30◦ at the equator, leading to the suggestion that corotation
plays a key role in the long dimming events.
(3) The rate of dimming and recovery was very gradual, with no two points
within one uncertainty of each other. However, the general trend is clear across the
entire time period.
(4) No significant dimming began at any time near the that of a projected CME
onset, including those where the onset region was near the limb.
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Figure 4. An example of a long dimming event. CDS rasters for Run 25906 for the (a) O V,
(b) Mg IX, and (c) Fe XVI emission lines. In each case the first (leftmost) image is subtracted from
those following. The white box in the last image of the middle row has area of 17 × 94 pixels
(34 × 158 arc sec).

(5) Maximum dimming occurred somewhere between 18:30 and 19:00 UT on
27 September, which was just before the onset time of a CME. No associated
surface activity was observed in EIT for this CME and so its onset region remains
unclear.

ON THE CORONAL MASS EJECTION ONSET AND CORONAL DIMMING

331

Figure 5. Intensity–time profiles for the 6 emission lines for the CDS Runs 25902, 25906, and 25909.
These occurred on 26 – 28 September, 2002 across times 07:00 – 22:32, 10:33 – 22:45, and 08:10 –
22:52 UT, respectively (θ ≈ 234◦ – 274◦ ). The arrows indicate the predicted onset times of each of
the nine CMEs (Table V).

(6) Distortions of the trends in the cooler emission lines (He I and O V, second
panel) are believed to be caused by interference from loops, passing into the box
from which intensity measurements were made (e.g., Figure 4(a)).
Figure 6 shows two raw (left) and difference (right) EIT 195 Å images around
the projected onset times of the first two CMEs which occurred during Run 25906.
In both events the area observed by CDS is indicated by the three white boxes in
the far-right column. The third CME which appeared in this run did not appear to
be associated with any activity in EIT.
Figure 6(a) shows the sequence for times 23:12–01:48 UT, with the first image
at 23:12:10 UT subtracted from those beneath to produce the difference images
shown in the right column. There is a loop which appears to emerge from the
bright patch indicated by the arrow at (R, θ) ≈ (0.89 R , 250◦ ) in the image and
rises above the limb, ‘breaking’ at 01:25:59 UT. The difference images show that
this is accompanied by an immediate dimming, of (R, θ) range 1–1.32 R , 237◦ –
256◦ . The dimming continued until around 15:12 UT.
Figure 6(b) shows the sequence for times 06:49–10:36 UT, the first image
at 06:48:42 UT subtracted for the difference images. There is a large brightening (indicated by the arrow) which starts at 07:48:11 UT and has disappeared by
10:36:10 UT. The (R, θ) ranges for this disturbance are 0.56–0.86 R ,
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Figure 6. EIT Fe XII 195 Å raw (left) and difference (right) images for the CDS Run 25906 on 27
September 2002. For the difference images the first image is subtracted from those below. The times
of the image correspond to the projected onset of the (a) first and (b) second CMEs, respectively. The
white boxes on the first raw image and bottom row correspond to the 4 × 4 arc min observing regions
of the CDS run.

200◦ –227◦ . A slight dimming appeared above the limb (indicated by the arrow
at 09:12:10 UT), starting at 08:12:12 UT, which extends beyond the FOV of EIT,
across angular range 197◦ –222◦ .
The times of the two eruptions on the solar limb in EIT match well with those
of the CME onset times. Inspection of the EIT sequences for each of the 9 CMEs
revealed a probable onset region for 8 CMEs, with 5 identified on the limb. All 5
of the limb events were within the FOV of CDS, but 2 occurred outside the time
ranges of the three runs.

ON THE CORONAL MASS EJECTION ONSET AND CORONAL DIMMING

333

TABLE VI
Summary of the results for the 4 long dimming events. Columns are the same as those
in Table IV.
CDS
run

Date
2002

25902†

26 Sep.

25906†

Dimming
start (UT)

Maximum
dimming (UT)

CME Onset
time (UT)

EIT feature
time (UT)

16:00

≥22:00

27 Sep.

≤10:30

19:00

12:04, 13:37,
20:53
19:03

25997

15 Oct.

10:30

≥22:30

26033

19 Oct.

09:00

≥16:00

09:48 – 15:24,
12:24, 21:13
None
observed
None
observed
07:26 – 10:25

None
observed
06:53

Table VI shows a summary of the 4 long dimming results. In no case does the
timing of the CME onset relate to those of those of the dimming start or completion.
It seems clear that the majority of the CMEs do not affect the behaviour of the long
dimming events, including those for which dimming has been directly observed by
EIT within the FOV of CDS.

7. EIT Dimming
A total of 18 events were noted to have an eruption observed in EIT, all of which
were associated with an overhead CME. Of these, 7 were also associated with an
EIT dimming, and 2 dimmings were not associated with an eruption. A summary
of these 9 events and the location and times of both the eruptions and dimmings
are shown in Table VII.
The chosen example event occurred during Run 25300, on 6 July 2002. Figure 7 shows the development with time in raw (panel a) and difference (panel b)
images. The projected CME onset time for this event was 19:55 UT. The loop at
location (R, θ) = 0.98–1.11 R , 248◦ –253◦ , (indicated by the arrow) first appears
at 18:00:10 UT. There is a continual brightening of this loop until it erupts at
19:25:59 UT. The difference images show that the eruption is immediately followed by a surrounding dimming across (R, θ) range 1.00–≥1.47 R , 245◦ –265◦ .
It achieves its maximum at around 20:36 UT. There is also a faint ‘secondary
dimming’ across angular range 263◦ –284◦ which appears at around 20:00 UT. The
dark region remained until around the end of 10 July, during which time a further
8 CMEs were observed in the same region.
EIT dimming events where the eruption/dimming arose from a rising or brightening loop occurred in 5 of the 9 events, and are indicated by a ‘∗’ in Table VII.

Date
2002

6 July
10 July
8 Sep.
27 Sep.
28 Sep.
30 Sep.
15 Oct.
10 Nov.
28 Nov.

CDS
run
25300† *
25324
25770
25906† *
25909† *
25915*
25997
26216*
26341

UT
17:24 – 19:26
N/A
15:24 – 16:00
00:24 – 01:26
14:12 – 15:24
07:26 – 08:36
N/A
15:12 – 17:48
06:12 – 10:36

(1 – 1.08 R , 248◦ – 258◦ )
N/A
(0.96 – 1.05 R , 101◦ – 107◦ )
(0.82 – 0.96 R , 245◦ – 252◦ )
(1.15 – 1.31 R , 263◦ – 274◦ )
(1.15 – 1.31 R , 311◦ – 317◦ )
N/A
(1 – 1.35 R , 275◦ – 302◦ )
(0.95 – 1.20 R , 246◦ – 256◦ )

Time

Eruption
location
(R, θ)

(1 – 1.43 R , 232◦ – 267◦ )
(1 – 1.25R , 67◦ – 88◦ )
(1 – >1.55 R , 90◦ – 109◦ )
(1 – 1.32 R , 237◦ – 256◦ )
(1 – >1.40 R , 261◦ – 273◦ )
(1 – 1.21 R , 321◦ – 332◦ )
(1>1.40R , 262◦ – 285◦ )
(1 – >1.48 R , 277◦ – 303◦ )
(1 – >1.50 R , 240◦ – 261◦ )

Dimming
location
(R, θ)

19:26 – >24hr
16:12 – >24hr
14:36 – >24hr
01:25 – 14:12
15:12 – 17:12
08:00 – 11:36
15:00 – >24hr
16:48 – 20:02
10:14 – 19:36

UT

Time

TABLE VII
The 9 EIT dimming events. The location and time of the eruption (prominence, loop eruption) and the dimming
region are given. Those labelled ‘∗’ are events where a buildup of matter was observed in the loop before
eruption. ‘> 24 hr’ indicates those events where the dimming continued 24 hours after it began.
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Figure 7. An example of an EIT dimming event, corresponding to Run 25300, on 6 July 2002.
(a) Raw, and (b) difference images for times from 17:00:11 UT to 20:36:10 UT are shown. The
projected onset time of the corresponding CME was 19:55 UT. The dimming region in the difference
images is indicated by the arrows.
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TABLE VIII
Summary of the results for the 10 onset events.
CDS
run

Date
2002

CDS
feature

CME Onset
time (UT)

EIT Eruption
time (UT)

25377
25832
25902†

22 July
15 Sep.
26 Sep.

Heat+cool
Heating
Long dimming

25906†

27 Sep.

Long dimming

12:00
18:36 – 20:24
109:48 – 15:24,
12:24, 21:13
00:24 – 01:26

25909†

28 Sep.

Long dimming

25915
26033
26216
26285†
26341

30 Sep.
19 Oct.
10 Nov.
20 Nov.
28 Nov.

Short dimming
Long dimming
Nothing
Bursting loop
Short dimming

11:45
19:24
12:04, 13:37,
20:53
01:24, 07:49,
19:03
01:06, 15:44,
18:34
06:14
06:53
11:50
∼13:00
10:12 (2nd order)

01:26, 15:13,
17:24 – 19:26
07:25
07:26 – 10:25
15:12 – 17:48
15:24
10:14

Of the remaining 4 events, 3 dimmings arose immediately from eruptions from the
solar surface (with no buildup) and 2 occurred where no eruption was observed.
One of the latter was associated with a heating, and the other associated with a
long dimming event in CDS. The maximum dimming in CDS occurred 5 hours
after the dimming in EIT had ceased.

8. CME Onsets
8.1. T HE 10 ONSET EVENTS
Table VIII shows a summary of the results for the 10 events where CDS was directed at a CME footprint during the projected onset. While a feature was observed in
CDS, in all but one case these features varied. As indicated, one is a loop event, 2
are believed to be connected with a change in temperature, while 6 are connected
with a coronal dimming.
The first of the 2 short dimming events (Run 25915) had a projected CME onset
time of 06:14 UT and the corresponding EIT eruption occurred around 07:25 UT.
As shown in Table IV, the dimming occurred from 11:30–13:00 UT. EIT dimming
was from 08:00–11:36 UT. The second short dimming event (Run 26341) had a
CME onset time of 10:12 UT and the surface feature was a faint eruption which
occurred at 10:14 UT. Dimming was from 12:00–15:00 UT, beginning well after
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the CME had appeared in the FOV of C2. EIT dimming occurred from 10:14–
19:36 UT.
There were 4 onset events which were associated with a long dimming in CDS.
Three of these are in fact part of the same dimming event, from Runs 25902,
25906, and 25909, shown in Figures 3–6. As discussed in Section 6.2.2, most of
the 9 CMEs were not associated with any change in the intensity profiles, with the
exception of one small eruption, which occurred around an hour after the maximum
dimming had been reached. This particular CME is shown in the far-right panel
of Figure 3(b) and is relatively small, compared with the other CMEs. It is also
the only CME which has no associated EIT feature, preventing the identification
of the location of the source region. The 4th long-dimming event was from Run
26033 which occurred on 19 October from 07:03–15:50 UT (θ∼267◦ –303◦ ), and
contained 33 rasters. There were two faint CMEs which first appeared in C2 at
00:30:05 UT and 09:06:05 UT, or angular ranges ∼ 294◦ –314◦ and ∼ 286◦ –311◦ ,
respectively. The second CME occurred at around the same time as the start of the
CDS Run, and the two may be connected if we assume the dimming began at this
time, as is the case in Table VI. This CME, however, is not connected with any
observed surface activity in EIT. Dimming continued until after the completion of
the CDS run at 16:00 UT.

9. Discussion
The results suggest that there is a difference between the reaction to CMEs of the
mid corona (observed with EIT) and that of the low corona (observed with CDS,
lower than 1.2 R ). Observations in the low corona formed the basis for the present
study and we attempted to identify features in this region which are connected with
CME onsets. Four types of CDS events were identified.
(1) Temperature: CDS identified 4 events in which a decrease in a particular
emission line corresponded to an increase in another. In each case this was identified as a heating, with one run showing a cooling later. The results indicate that the
temperature change is most likely not related to a CME onset.
(2) Dimming:
(a) Short dimming: the CDS short dimming results show that 3 of the 6 short
dimming events began some time after the CME onset. This implies a secondary
or tertiary effect of the CME launch to the very low corona and may also indicate that the CME source region may occur at a higher altitude. A total of 9 EIT
dimmings were observed above the solar limb, 7 of which were associated with an
erupting loop (and a further 3 erupting loops on the limb were not associated with
a dimming).
(b) Long dimming: the results indicated 5 events (3 of which were actually the
same event) which were associated with a long dimming in CDS. This class of
event has not been identified in previous literature and we believe that an entire
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long-dimming cycle was observed on the limb on 26–28 September 2002. The
cycle period was estimated to be around 57 hours and the results suggest that such
events may not be associated with CME activity. We believe that these may be due
to low-density, stable, corotating magnetic loops in the low corona, swinging in
and out of the CDS FOV on the solar limb.
(3) Loops: of the two types of loop event identified, the bursting loop type may
be a low-corona signature of an overhead CME. The timing of the disruption of the
loop matched well with the CME onset in all cases. This type of event, however,
appears to be rare, accounting for only 3 of the 36 events.
(4) Prominences: The clearest interaction between the low and high corona appeared in the prominence-type event. In both cases the launch of the prominence in
CDS, the eruption of a loop in EIT and the projected onset of the associated CME
all occurred within minutes of one another. As with the bursting loops, such events
are rare.
It is expected that a certain percentage of observed CMEs would have an onset
region on the far side of the Sun. Associated EUV signatures in the low corona
for these events would not be detected by EUV instruments currently available,
which may account for the absence of such activity for some of the events given
in this paper. One would expect around 50% of events to occur on the far side of
the Sun while our results show associated EUV features for 68%. There may a
bias toward events on the near side of the Sun because the location of the CDS
observing scheme was typically chosen due to the proximity of active regions near
the limb.
9.1. O NSET EVENTS
CDS directly observed 10 events which were at the footprints of CMEs launched
from the solar limb. Of these, one was connected with a bursting loop, 2 with a
temperature change, 4 were long-dimming events (although 3 of these were the
same event) and 2 were short dimmings. There was also one case where nothing
was observed in CDS. The bursting loop event may be connected with a CME
onset and the two short dimmings have been shown to be a secondary effect at
best. There does not appear to be a relationship between the features observed in
each case. This implies that there is no direct relationship between CME onsets and
features observed in CDS.
9.2. CME ONSET REGION ?
One feature of note in the EIT images is the occurrence of a gradual increase in
intensity at the top of a loop structure prior to the CME onset. This was noted in
5 of the 9 EIT dimming events. The intensity increase began several hours before
the CME launch and occurred at around 1.2–1.3 R . The bright patch is observed
to erupt with the loop at the time of the CME onset, with an immediate dimming
following its launch. It may be possible that this brightening represents a matter
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buildup prior to the CME launch. If this were the case, it is possible that at least
some of the matter for the CME may be supplied from this region. It may also be
an early indicator of a CME onset.
9.3. A MODEL OF CME DEVELOPMENT
Based on the above results, we propose a physical mechanism to describe the
launch of a CME, with an emphasis on the behaviour of plasma in the low corona.
A CME is initiated by the eruption of the local magnetic field which may or
may not contain significant amounts of coronal plasma. In the former case the
plasma is carried away by the launching field, detected in white-light coronagraphs
by Thompson scattering from the electrons in the plasma. In its wake, a region
of decreased plasma density and magnetic pressure is created in the mid-corona,
identified by a decrease in intensity in EUV and X-ray instruments (i.e., a coronal
dimming, observed in this paper with EIT). One would expect the dimming effect
to be significant in regions where a large amount of plasma was allowed to accumulate prior to launch. Magnetic field structures such as those above X-ray active
regions may remain relatively stable for several solar rotations, hence allowing the
buildup of large amounts of plasma. Alternatively, a magnetic field eruption may
occur which contains an undetectable amount of plasma, but associated features
such as flares and prominences may be still observed (e.g., Simnett, 2003).
Low in the corona, such as within the FOV of the CDS runs in this study, there
may remain closed magnetic field loops which survive the launch of the overhead
magnetic structure. This is simplified in the 2-dimensional case in Figure 8. Two
regions X and Y are sources of dipolar magnetic fields with their poles aligned.
At higher altitudes, the two magnetic fields interact, effectively forming a single
field. We will denote plasma in this high-altitude common magnetic field region
Population B plasma. Low in the corona (Figure 8(a)), magnetic fields are localised
to the dipolar source where plasma may be confined in what we will call Population
A. If these magnetic fields are similar to those within a sunspot pair (Figure 8(b)),
plasma within the magnetic field may be more dense than that beneath. Here we
denote the low density beneath the magnetic field Population C, with ρC ≤ ρB <
ρA . The long dimming events observed in CDS may be due to Population C plasma
swinging in and out of the FOV of CDS as the magnetic field source corotates with
the Sun over the limb.
During the eruption, Population B plasma is carried away (Figure 8(c)), but
Population A remains localised to sources X and Y. A subsequent reorientation of
the remaining magnetic field follows, possibly exciting further eruptions as other
field lines become open.
Another consequence of the eruption is a decrease in plasma density and magnetic pressure in the region which contained the Population B plasma. This allows
the magnetic field containing Population A plasma to rise into the mid-corona
(Figure 8(d)). Low density Population C plasma would also rise, possibly into the
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Figure 8. Illustration of a simplified 2-dimensional example of an erupting magnetic structure. (a) A
low-corona view of the two magnetic fields from sources X and Y, showing the separation between
plasma localised to a single source (population A) and that enclosed within the field common to both
sources (Population B). (b) If we assume that the dipolar structure from a single source is similar to
that of a sunspot pair, we can further divide the population of plasma into that within the magnetic
field (Population A) and that beneath (Population C). Population C is assumed to have a density
lower than that of Population A and of equal or lower density than population B (ρC ≤ ρB < ρA ).
(c) A mid-corona view of the magnetic field eruption, which sweeps Population B plasma into the
solar wind and interplanetary magnetic field. The magnetic fields containing Population A remain
closed during the eruption. (d) After the eruption, the magnetic field containing Population A rises
into the mid-corona, taking the plasma with it, and Population C rises to replace it. This results in a
decrease in plasma density in the low-corona which occurs some hours after the initial CME launch.

FOV of CDS, where a dimming would be observed some hours after the CME had
passed. As a new magnetic field is formed in the low corona, the density would
increase with plasma from the chromosphere, and the low-corona dimming would
cease.
9.4. C ONCLUSION
In conclusion we propose answers to the three questions in the introduction with
regard to coronal dimming.
(1) The results suggest that coronal dimming observed in EIT is a signature of a
CME onset, but the physical mechanism responsible for the dimming is secondary
to that of the CME, i.e., the launch of the CME causes coronal dimming in the
middle corona. The results also indicated that around 50% of the events observed
in EIT which indicated a CME onset region near the limb were associated with an
EIT dimming, which began at around the same time as the CME onset.
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So, using coronal dimming in EIT may be an effective detection method for 50%
of CMEs launched from near the limb. The effectiveness of the usage of dimming
detection for CMEs which originated on the solar disk remains unclear.
Dimming observed in CDS appears to be, at best, a tertiary effect of the CME
launch and does not appear to be a useful tool for onset identification.
(2) As demonstrated in the CDS results, some ‘coronal dimming’ events were
identified as being due to a change in temperature, at least in the low corona. In
these events, a heating or a brightening in the Fe emission line was observed, and
are not believed to be connected with CME onsets. It remains unclear as to whether
the dimming observed in EIT is due to a reduction in temperature or density, but
we believe it to be the latter.
(3) The results indicate large discrepancies between the timing of the dimmings
observed in EIT and CDS. These two instruments observe the corona at similar
temperatures, but the start times and duration of the coronal dimmings observed in
each differ greatly. Both instruments focus on different regions of the solar corona,
and possibly different populations of coronal plasma.
At best, EUV dimming is one possible signature of a CME onset but cannot be
regarded as the primary signature, and is certainly not always observed even when
taking into account CME sources on the far side of the Sun. As with observations
of CMEs with coronagraphs, it seems that there must be a sufficiently large change
in the quantity of matter in the corona in order to produce a detectable dimming
event. It is also conceivable that dimming may also occur in the low corona (within
the FOV of CDS), except it is obscured by more dominant features in this region.
In light of these results, future studies of coronal dimming should consider
carefully the type of coronal dimming observed and the region of the corona in
which the dimming is observed.
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