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‣ regions of reduced emission low in the corona observed in EUV and soft X-
rays (Hudson et al. 1996; Sterling and Hudson 1997; Thompson et al. 1998, 2000)

‣ dimmings are interpreted as density depletion caused by the evacuation of 
plasma during the CME lift-off (Hudson et al. 1996; Thompson et al. 1998; Harrison & 
Lyons 2000) 05:41 UT
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‣ supported by simultaneous and co-spatial observations of coronal 
dimmings in different wavelengths (e.g. Zarro et al. 1999; Chertok & Grechnev 2003)

‣ spectroscopic observations → plasma outflows in dimming regions (e.g. Harra 
& Sterling 2001; Jin et al. 2009; Tian et al. 2012)

‣ plasma diagnostics (DEM analysis) → density decrease by up to 70% in 
dimming regions (e.g. Cheng et al. 2012, Vanninathan et al. 2018)



05:24 UT 05:41 UT

Coronal dimmings

K.Dissauer

Credit:Nariaki Nitta, http://www.lmsal.com/nitta/movies/AIA_Waves/

ISEST Workshop Hvar, 2018

http://www.lmsal.com/nitta/movies/AIA_Waves/


05:41 UT

Coronal dimmings

K.Dissauer

‣ supported by simultaneous and co-spatial observations of coronal 
dimmings in different wavelengths (e.g. Zarro et al. 1999; Chertok & Grechnev 2003)

‣ spectroscopic observations → plasma outflows in dimming regions (e.g. Harra 
& Sterling 2001; Jin et al. 2009; Tian et al. 2012)

‣ plasma diagnostics (DEM analysis) → density decrease by up to 70% in 
dimming regions (e.g. Cheng et al. 2012; Vanninathan et al. 2018)

‣ regions of reduced emission low in the corona observed in EUV and soft X-
rays (Hudson et al. 1996; Sterling and Hudson 1997; Thompson et al. 1998, 2000)

‣ dimmings are interpreted as density depletion caused by the evacuation of 
plasma during the CME lift-off (Hudson et al. 1996; Thompson et al. 1998; Harrison & 
Lyons 2000)

ISEST Workshop Hvar, 2018



before after

‣ core/twin dimmings: localized, dark regions near the eruption sight in opposite 
polarity regions → mark the footpoints of the ejected flux rope (e.g. Sterling & 
Hudson 1997; Thompson et al. 2000; Mandrini et al. 2007)

‣ secondary/remote dimmings: more shallow and extended regions → expansion 
of the overlying corona (e.g. Mandrini et al. 2007; Attrill et al. 2009)

Coronal dimmings
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adapted from Mason et al. 2014

core dimming

secondary 
dimming

This mask represents all pixels identified as dimming pixels
for a certain time step tm. A cumulative dimming pixel mask
M(pi, tn) is then created over time by the union of instantaneous
dimming pixel masks identified from t0 until tn, i.e.,
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M(pi, tn) contains every pixel that was flagged as a dimming
pixel between times t0 and tn (see also Kazachenko et al. 2017).

Figure 6 shows, as an example, the evolution of the
cumulative dimming pixel mask of the coronal dimming that
occurred on 2011 September 6. The right panel presents the
final cumulative dimming pixel mask for the full time range
of 12 hr, with each pixel colored by the time of its first
detection (in hours after the flare onset). This timing map
illustrates the spatial evolution of the total dimming region
over time.

In the calculation of the dimming area and magnetic fluxes,
we account for projection effects and correct the area and the
LOS magnetic field density for each detected dimming pixel
with respect to its position on the solar disk (Hagenaar 2001).
In the following, we describe each calculated dimming
parameter in more detail, an overview of all extracted quantities
is given in Table 1.

4.1. Morphological Properties

The morphology of coronal dimmings is studied by extracting
the area of all dimming pixels identified until time tn
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where ai is the area of each dimming pixel pi within the
cumulative dimming pixel mask M(pi, tn). In this way, we
capture the full combined extent of all dimming pixels until tn,
i.e., also including dimming regions that have been covered by
the flare in the beginning or by post-flare loops later on. Its time
derivative, is given by the area growth rate calculated as
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Figure 5. SDO/AIA 211 Åfiltergram close to the time of maximum extent of the coronal dimming region (left) together with the minimum intensity map of
logarithmic base-ratio data (middle) and the LOS SDO/HMI magnetogram (right) for the 2011 September 6 event. The identified “potential” core dimming regions are
marked by the red contours. Those regions are located in opposite magnetic polarity regions, close to the eruption site (center of the FOV).

Figure 6. Evolution of cumulative dimming pixel masks representing all dimming pixels that are detected during the main impulsive phase of the coronal dimming
(until 23:08 UT). Right: corresponding timing map of the coronal dimming region indicating the time at which a pixel is detected as a dimming pixel for the first time
(color coded in hours after the flare onset). The majority of dimming pixels are detected within the first two hours of the time series. The red and black contours mark
the identified core dimming regions.

Table 1
Overview of the Characteristic Coronal Dimming Parameters

A �� ( )M p t a,i i i Area

Ȧ � dA
dt Area growth rate

Φ+ �� �( ) ( )B p M p t a,i i i i positive magnetic flux
Φ− �� �( ) ( )B p M p t a,i i i i negative magnetic flux
Φ � ' � '� �( ∣ ∣) 2 total unsigned magnetic flux
'�˙ � '�d

dt
positive magn. flux rate

'�˙ � '�d
dt

negative magn. flux rate

'̇ � 'd
dt

total unsigned magn. flux rate

B̄ � ' � '� �( ) A2 mean magnetic field density

�B̄ �'�
�A

mean pos. magn. field density

�B̄ �'�
�A

mean neg. magn. field density

Iinst �� ( ) ( )I p t D p t, ,i i n i instantaneous total brightness
Icu �� ( ) ( )I p t M p t, ,i i i cumulative total brightness
Imin �� ( ( ) ( ))min I p t M p t, ,i i i minimum total brightness

Note. The subscript i denotes a pixel within the dimming pixel masks, ai its
area, Bi its magnetic field density, and I( pi, t) its intensity at time step t.
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Why should we study coronal dimmings?

CME measurements

K.Dissauer

‣ use mostly coronagraphic observations

‣ limited due to projection effects

‣ Earth-directed events: obtained CME 
parameters have large uncertainties

‣ no information on the CME onset

‣ use associated phenomena: e.g. 
coronal dimmings

ISEST Workshop Hvar, 2018



CME measurements

598 BALASUBRAMANIAM ET AL. Vol. 723

region (Figure 11(b) suggests a transient coronal hole; Harra
et al. 2007; Imada et al. 2007), plausibly the footpoint of a
flux rope threading the main part of the AR. Muhr et al. (2010)
recently reported a Moreton wave event in which it appeared that
two separate wave ignition centers corresponded to footpoints
of a coronal flux rope. For the 2006 December 6 event then,
flux rope eruption of the eastern arcade could account for the
northern part of the Moreton wave and may also have triggered
the eruption of the western arcade to which we attribute the
wave in the southwest.

3. CONCLUSION

3.1. Summary and Interpretation

The Moreton wave on 2006 December 6 spanned ∼270◦ in
azimuth and was observed directly for ∼10 minutes as it propa-
gated at a speed of ∼850 km s−1 across the solar disk, reaching
distances of ∼5 × 105 km from the parent AR. While the wave
itself was well observed, investigation of the wave driver was
hampered by the virtual absence of CME and coronal images.
Nonetheless, kinematic analysis of this event favors a picture in
which the wave is driven by the eruption of a CME rather than
by a sudden expansion of flare volume due to explosive heating.
The flare scenario requires a strong early wave deceleration to
match the observed wave speed. We infer a CME acceleration
rate consistent with that of other large events by assuming that
an interval of strong impulsive magnetic field change observed
near the rapid rise of the flare (Petrie & Sudol 2010) corresponds
to the main acceleration phase of the CME. The following lines
of evidence link a magnetic arcade overlying a region of weak
field on the western periphery of AR 10930 and the Moreton
wave: (1) the north-to-south evolution of both the eruption in
the western arcade and the wave (Figure 14); (2) the conformity
of the disturbance contour at 18:44 UT with the southern tip
of the 195 Å arcade (Figure 12); (3) the alignment of the He i
10830 flare ribbons (and the overlying arcade) with the south-
west direction of the wave (Figures 3, 4, 13, 14(c) and (f)); and
(4) the coalescence of two separate wave fronts, each identified
with a flank of the arcade, to form a contiguous Moreton wave
(Figures 1, 14(c) and (f)); see also animation 1a in the online ver-
sion). Hα foot point brightenings, blue shifts at the foot points
of the 195 Å arcade, He i 10830 Å flare ribbons, and a darkening
of the chromosphere under the arcade (attributed to absorption
by post-eruption Hα loops; Neidig et al. 1997) indicate that the
western arcade erupted to drive the wave. The two-ribbon Hα
flare resulting from this eruption had one ribbon in common
with the main part of the flare in the eastern part of the AR.

The simplest interpretation of the data for this event is that
the magnetic arcade to the west and south of the main flaring
region erupted to form a CME that drove the shock responsible
for the Moreton wave as it expanded laterally. Dere et al. (1997)
and Zhang et al. (2001) presented early evidence for lateral
expansion of CMEs in the low corona. The cartoon in Figure 17
shows the eruptive flare model (e.g., Figure 3 in Forbes 2000),
with a Moreton wave added. Once the lateral expansion of the
CME stops, both the coronal shock and the associated Moreton
wave propagate freely. As seen in Figures 3, 4, and 6(a), the
deceleration, broadening, and damping characteristic of freely
propagating waves (Warmuth et al. 2004b) were all observed.20

Our speculation equating the interval of strong field changes
with the main phase of CME acceleration (Section 2.3.2.2;

20 The propagation characteristics of the 2006 December 6 event will be
presented elsewhere.

Figure 17. Cartoon showing our conception of how the expanding flank of
a CME drives a shock wave laterally across the solar surface. Following the
Uchida’s (1968) model, the “sweeping skirt” of the radio type II coronal shock
gives rise to a Moreton wave.

Figure 10) will need to be verified using events simultaneously
observed with a magnetograph and a coronagraph. It seems
reasonable, however, since it closely parallels the finding of
Zhang et al. (2001) that the impulsive acceleration phase of
CMEs coincides well with the soft X-ray flare rise phase.
In this case, however, the connection to the magnetic field,
generally assumed to be the source of free energy for solar
activity, is more direct. This suggestion also finds support from
a recent paper by Temmer et al. (2010) which compares RHESSI
X-ray profiles with STEREO observations of CMEs for three
fast eruptions in 2007–2008. In each case, they showed that
the onset of the main phase of CME acceleration preceded the
impulsive rise of the RHESSI > 20 keV profile by a minute or
more, as was the case for the 2006 December 6 event. Similarly,
Maričić et al. (2007), using soft X-ray observations, found that
the majority of the 22 cases they considered, the main phase of
CME acceleration preceded the principal rise in 1–8 Å emission.
Additional support for a CME driver can be inferred from
Temmer et al. (2010) who noted that high cadence ultraviolet
and coronagraph data permitted determinations of peak CME
accelerations as high as ∼5 km s−2 at altitudes much lower
(!0.4 RS) than previously assumed.

It is remarkable that the most dynamic aspect of the 2006
December 6 eruption appears to have been associated with a
region of relatively weak underlying magnetic field adjacent to
the principal part of AR 10930 and the 3B/X6.5 flare. Such
behavior has been previously reported for Moreton waves. We
note that 2 of the 12 waves analyzed by Warmuth et al. (2004b),
labeled 9 and 12, formed around weak flare brightenings that
were removed from main flare. We infer that in such events,

Moreton wave

Prominence

EUV wave
Hα flare

coronal dimming

type-II 
radio burst

adapted from Balasubramaniam et al. 2010

Why should we study coronal dimmings?
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‣ use mostly coronagraphic observations

‣ limited due to projection effects

‣ Earth-directed events: obtained CME 
parameters have large uncertainties

‣ no information on the CME onset

‣ use associated phenomena: e.g. 
coronal dimmings
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SOHO
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Proba 2

halo CMEs

dimmings

adapted from NASA

‣ 62 events during 2010-2012 (STEREO-
SDO quasi-quadrature period) 

‣ Earth-directed CMEs observed off-limb 
by STEREO → low projection effects

‣ coronal dimmings are detected on-disk 
from high-cadence SDO/AIA 
observations

Statistical study on dimmings - halo CMEs - flares

‣ Goal: Statistical relationship between coronal dimmings and basic flare and 
CME parameters 

‣ only few statistical studies between dimming parameters and flare and CME 
quantities (Reinard & Biesecker 2008, Bewsher et al. 2008,  Aschwanden 2016, Mason et al. 
2016, Krista & Reinard 2017)

ISEST Workshop Hvar, 2018
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Figure 1. Coronal dimming evolution and associated CME on 2011 October 2 (event no. 29). The first three columns show
sequences of the coronal dimming evolution in direct SDO/211Å filtergrams, the corresponding logarithmic base-ratio images
and the cumulative dimming masks in white (from left to right). The red pixels on top of the cumulative dimming pixel masks
(third column) represent all newly detected pixels compared to the previously shown time step. The last column presents the
same time steps from STEREO’s point of view showing the development of the associated CME. The detected CME front is
indicated in red, and the solid black line illustrates its main direction along which the height is measured (intersection between
red and black line).

Dimming detection
‣ several dimming detection algorithms are available (e.g. Podladchikova & 

Berghmans 2005, Reinard & Biesecker 2008, Kraaikamp & Verbeeck 2015, Thompson & 
Young 2016)

‣ coronal dimming are extracted from logarithmic base-ratio images using a 
thresholding algorithm (Dissauer et al. 2018a)

K.Dissauer

logarithmic base-ratio 
images

cumulative dimming masks
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indicated in red, and the solid black line illustrates its main direction along which the height is measured (intersection between
red and black line).
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Characteristic dimming parameters

‣ extract parameters that describe the dynamics, morphology, magnetic properties 
and brightness evolution of coronal dimming regions

‣ time-integrated quantities using cumulative dimming pixel masks

‣ study full extent of dimming evolution (e.g. cover also regions of post-flare loops)

‣ investigate dynamics of dimming properties (time derivatives)

ISEST Workshop Hvar, 2018
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Figure 4. Time evolution of selected coronal dimming pa-
rameters for the dimming event that occurred on 2011 June
21 (#17). From top to bottom we plot (a) the dimming area
A (black line) and its time derivative, the area growth rate Ȧ
(red line), (b) the positive (blue line), absolute negative (red
line) and total unsigned magnetic flux (black line), (c) the
corresponding magnetic flux rates �̇

+

(blue line), �̇� (red
line), �̇ (black line), (d) the dimming brightness I

cu

(black
line) and its time derivative, the brightness change rate İ

cu

(red line), and (e) the GOES 1.0-8.0 Å SXR flux and its
derivative (purple). The shaded bands represent the 1� er-
ror bars for each parameter. The vertical dashed, dotted and
solid lines mark the start, maximum and end of the impul-
sive phase of the dimming. The vertical blue and red lines
indicate the minimum in the dimming brightness profiles.

in case of derivatives as the minimum/maximum value
of the corresponding profile during the impulsive phase.
In order to obtain more information on the distribution
of the di↵erent dimming types, we also calculate the area
and the magnetic fluxes separately for the extracted core
dimming regions.

3.3. Impulsive phase of the dimming

Coronal dimmings are regions of reduced emission
that are growing while the associated CME is expanding.
Therefore, the evolution of its area A(t) and especially

Figure 5. Time evolution of coronal dimming parameters
for dimming event #51 that occurred for June 6, 2012. Same
as Figure 4.

its area growth rate, Ȧ(t), can be used to determine
the impulsive phase of the dimming evolution. We de-
fine the impulsive phase of the dimming via the highest
peak identified in its area growth rate profile, Ȧ

max

. The
onset of the impulsive phase (t

start

) is then defined as
the local minimum that occurs closest in time before the
peak. The end of the impulsive phase (t

end

) is defined
as the time when the area growth rate Ȧ meets one of
the two following criteria for the first time:

Ȧ(t)  ¯̇
A+ 3�

˙A _ Ȧ(t)  0.15 · Ȧ
max

, (1)

where ¯̇
A and �

˙A are the mean and standard deviation of

the baseline, respectively. The baseline parameters ( ¯̇A
and �

˙A) are calculated over a duration of 1 hour, start-
ing 5 hrs after the start of the time series, where the
main expansion of the dimming is already over and the
number of newly detected dimming pixels is significantly
decreased. During this time period secondary dimming
regions in general replenish, while core dimming regions
are still present (Vanninathan et al. 2018). We did not
choose the very end of the time range since e↵ects of dif-

K.Dissauer

area and area growth rate

positive, negative, and total 
unsigned magnetic flux

positive and negative magnetic 
flux rates

dimming brightness and brightness 
change rate

GOES flux of the associated 
flare and its derivative
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‣ combine observations of full-disk EUV imagers with coronagraphs using STEREO 
(Bein et al. 2011)

‣ derive detailed kinematical profiles using a smoothing algorithm based on the 
minimization of second derivatives (Podladchikova et al. 2017)

‣ CME mass calculated via base-difference mass images (Vourlidas 2010, Bein et al. 2012)

 CME kinematics and mass
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m= 9.956 e+15 g2012-03-10 T18:54:00
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Coronal dimming characteristics
‣ channels sensitive to quiet Sun coronal temperatures (171, 193, and 211 Å) were 

best suited for dimming detection

‣ 60% of the events core dimming regions were identified. They contain 20% of 
the total flux but only account for 5% of the total dimming area

‣ the positive and negative magnetic flux in dimming regions are roughly balanced 
(c=0.83±0.04)

K.Dissauer ISEST Workshop Hvar, 2018
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Dimming - flare relationship

‣ first-order dimming parameters (dimming area, total unsigned magnetic flux, 
dimming brightness) strongly correlate with flare fluence (c>0.7)

‣ second-order dimming parameters (corresponding derivatives) strongly correlate 
with the flare strength (c>0.6)

K.Dissauer

Dissauer et al. 2018b
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‣ strong correlation between the magnetic fluxes of secondary dimmings and flare 
reconnection fluxes estimated from flare ribbon observations (Kazachenko et al. 
2017) 

‣ for strong flares (>M1.0) the reconnection and secondary dimming fluxes are 
roughly equal

K.Dissauer

‣ Secondary dimmings map overlying fields that are stretched during the eruption 
and closed down by magnetic reconnection, adding flux to the erupting flux rope

Dissauer et al. 2018b

ISEST Workshop Hvar, 2018



Dimming - CME relationship

K.Dissauer

‣ strong correlation between the magnetic flux rate of the dimming and the maximal 
speed of the CME (c=0.6±0.10)

‣ first-order dimming parameters strongly correlate with the CME mass (c~0.6-0.7)

‣ in agreement with Mason et al. 2016 

ISEST Workshop Hvar, 2018
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Figure 6. Area of the coronal dimming A
�

against the
CME mass m

CME

in linear space. The red line represents
the linear regression fit to all data points. The corresponding
correlation coe�cient is given in the top-left corner.

unsigned magnetic flux � and the absolute total bright-
ness of the dimming |I

cu,di↵

| show a similar strong cor-
relation with the CME mass, i.e. c = 0.67 ± 0.10 and
c = 0.60 ± 0.10, respectively. These parameters were
identified as first-order dimming parameters in paper I,
as they reflect properties of the total dimming region at
its final extent.
Figure 7 shows the dependence of the peak of the to-

tal magnetic flux rate �̇ of the dimming and the peak
velocity of the CME v

max

. The scatter plot reveals a
high correlation of c = 0.60 ± 0.10, indicating that the
faster the total unsigned magnetic flux within the dim-
ming region is growing per second, the higher the veloc-
ity that is reached by the CME. The area growth rate
of the dimming Ȧ

�

is also strongly related to the speed
(c = 0.54 ± 0.10). Both dimming parameters belong to
the class of second-order parameters and represent the
dynamics of the dimming evolution, i.e. they quantify
how fast the coronal dimming is changing/growing over
time (see paper I).
Figure 8 shows the absolute mean intensity of coro-

nal dimmings |Ī
cu,di↵

| against the maximal speed of
the associated CME v

max

. The strong correlation of
c = 0.68 ± 0.08 indicates that the darker the mean in-
tensity of the dimming region the faster the associated
CME.
Although we would expect that the dimming dynam-

ics reflects the early acceleration phase of the associated
CME, no significant correlations of dimming parameters
with the maximal CME acceleration could be derived.
However, Figure 9 shows the absolute mean unsigned
magnetic field density B̄

us

against the maximal acceler-
ation of the CME a

max

. Although there is only a weak

Figure 7. Correlation plot between the total magnetic flux
rate �̇ covered by the coronal dimming region and the max-
imal velocity of the CME v

max

.

Figure 8. The absolute mean intensity of the dimming
|Ī

cu,di↵

| against the maximal velocity of the CME v
max

.

correlation (c = 0.42 ± 0.20) a trend is recognizable in
the scatter plot, possibly indicating that a stronger mean
magnetic flux density within the coronal dimming, may
result in a higher acceleration of the associated CME.
The comparison between the CME acceleration and

flare parameters also revealed a moderate correlation of
c = 0.54 ± 0.20 between the total reconnection flux of
the flare �

rbn

(cf. paper I) and a
max

, as shown in Fig-
ure 10. The higher the flux that is reconnected during
the associated flare the faster the acceleration of the cor-
responding CME.
The initiation height h

0

, the acceleration duration
t
acc

, the height at peak velocity h
vmax

and the height at
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Dimming - CME relationship

K.Dissauer

‣ mean intensity of the dimming strongly correlates with the CME maximal speed 
(c=0.68±0.08) → the lower the CME starts in the corona, the faster it propagates

‣ mean unsigned magnetic field density tends to correlate with the CME maximal 
acceleration (c=0.42±0.20) → stronger fields in the CME source region are related 
to stronger Lorentz forces accelerating the CME

‣ Jin et al. 2009: spectroscopic observations with Hinode/EIS → velocity of dimming 
outflows correlated with the magnetic field strength and the relative intensity 
changes of dimmings. 
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Figure 6. Area of the coronal dimming A
�

against the
CME mass m

CME

in linear space. The red line represents
the linear regression fit to all data points. The corresponding
correlation coe�cient is given in the top-left corner.

unsigned magnetic flux � and the absolute total bright-
ness of the dimming |I

cu,di↵

| show a similar strong cor-
relation with the CME mass, i.e. c = 0.67 ± 0.10 and
c = 0.60 ± 0.10, respectively. These parameters were
identified as first-order dimming parameters in paper I,
as they reflect properties of the total dimming region at
its final extent.
Figure 7 shows the dependence of the peak of the to-

tal magnetic flux rate �̇ of the dimming and the peak
velocity of the CME v

max

. The scatter plot reveals a
high correlation of c = 0.60 ± 0.10, indicating that the
faster the total unsigned magnetic flux within the dim-
ming region is growing per second, the higher the veloc-
ity that is reached by the CME. The area growth rate
of the dimming Ȧ

�

is also strongly related to the speed
(c = 0.54 ± 0.10). Both dimming parameters belong to
the class of second-order parameters and represent the
dynamics of the dimming evolution, i.e. they quantify
how fast the coronal dimming is changing/growing over
time (see paper I).
Figure 8 shows the absolute mean intensity of coro-

nal dimmings |Ī
cu,di↵

| against the maximal speed of
the associated CME v

max

. The strong correlation of
c = 0.68 ± 0.08 indicates that the darker the mean in-
tensity of the dimming region the faster the associated
CME.
Although we would expect that the dimming dynam-

ics reflects the early acceleration phase of the associated
CME, no significant correlations of dimming parameters
with the maximal CME acceleration could be derived.
However, Figure 9 shows the absolute mean unsigned
magnetic field density B̄

us

against the maximal acceler-
ation of the CME a

max

. Although there is only a weak

Figure 7. Correlation plot between the total magnetic flux
rate �̇ covered by the coronal dimming region and the max-
imal velocity of the CME v

max

.

Figure 8. The absolute mean intensity of the dimming
|Ī

cu,di↵

| against the maximal velocity of the CME v
max

.

correlation (c = 0.42 ± 0.20) a trend is recognizable in
the scatter plot, possibly indicating that a stronger mean
magnetic flux density within the coronal dimming, may
result in a higher acceleration of the associated CME.
The comparison between the CME acceleration and

flare parameters also revealed a moderate correlation of
c = 0.54 ± 0.20 between the total reconnection flux of
the flare �

rbn

(cf. paper I) and a
max

, as shown in Fig-
ure 10. The higher the flux that is reconnected during
the associated flare the faster the acceleration of the cor-
responding CME.
The initiation height h

0

, the acceleration duration
t
acc

, the height at peak velocity h
vmax

and the height at
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Figure 9. Scatter plot of the mean unsigned magnetic field
density B̄

us

in the dimming region against the maximal ac-
celeration of the CME a

max

.

Figure 10. Total reconnection flux �
rbn

derived from flare
ribbon observations by Kazachenko et al. (2017) against the
maximal acceleration of the CME a

max

.

peak acceleration h
amax

do not show a significant corre-
lation with any coronal dimming parameter, in all cases
c < 0.4.

4.2. Dimming–CME Temporal Relationship

We study the relative timing between the start of the
impulsive phase of the dimming and the onset of the
CME rise. We define the start time of the CME as the
first time a rising structure can be identified or mea-
sured in EUVI data. The dimming onset is defined as
the start time of the impulsive phase of the dimming
(see Section 3). Figure 11 shows the distribution of
the time di↵erence for the whole event sample. Val-

Figure 11. Distribution of the time di↵erence between the
the CME onset and the start of the impulsive phase of the
coronal dimming.

ues are ranging from �10.9 to 22.2 minutes, the mean
of the distribution is at 4.2 ± 6.4 minutes and the me-
dian lies at 4.2 ± 4.7 minutes, respectively. This indi-
cates that the initiation of the coronal dimming occurs
in most of the cases before the first CME measurement
in STEREO/EUVI. For about 55% of the events the
time di↵erence lies within ±5 minutes, which for the
majority of events corresponds to the time cadence of
STEREO/EUVI data. This means that within the error
bars of the available measurements, the onsets of coronal
dimmings and CMEs tend to occur co-temporal.

4.3. Parameter combinations and indirect relations

We can also use previously identified correlations be-
tween dimming and CME parameters to provide a proxy
for the kinetic energy of the CME low in the corona using
first- and second-order dimming parameters. Figure 12
shows the combination of the dimming area A

�

and the
total unsigned magnetic flux rate �̇ against the kinetic
energy of the CMEs. We obtain a high correlation of
c = 0.64 ± 0.10, indicating that indeed a dimming pa-
rameter combination can be used to provide a proxy for
the kinetic energy of the associated CME. We also note
that this combination of dimming parameters correlates
slightly stronger with the CME’s kinetic energy than
each parameter individually.
Yashiro & Gopalswamy (2009) studied the statistical

relationships between flares and CMEs observed dur-
ing 1996-2007 using GOES and SOHO/LASCO data.
They found the highest correlation of c = 0.62 between
the flare fluence and the kinetic energy of the CME. If



Summary

K.Dissauer

‣ performed statistical analysis on 62 dimming/flare/Earth-directed CME events 

‣ If CMEs occur together with flares, coronal dimming statistically reflect properties of both 
phenomena

‣ The area of the total dimming, i.e. including both core and secondary dimmmings, its total 
brightness and the total unsigned magnetic flux show the highest correlations with the flare 
fluence (c>0.7) and the CME mass (c>0.6)

‣ Their corresponding time derivatives, describing the dimming dynamics, strongly correlate with 
the GOES flare class (c>0.6) and the maximum speed of the CME (c~0.6)

‣ balance between positive and negative magnetic flux within the dimming regions as well as the 
strong correlation between the flare reconnection fluxes → same amount of magnetic flux is 
added to the erupting structure that is reconnected during the associated flare (Lin et al. 2004)

‣ results confirm feedback relationship  between flares and CMEs (Vršnak et al. 2008, 2016)
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