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• Introduction to EUV waves and coronal 
dimmings!

• Research questions !

• First Results!

• Outlook
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• large-scale disturbance in the 
solar atmosphere, observed 
in EUV wavelengths!

• in association with flares and 
CMEs

EUV waves

112 T. Li et al.
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Fig. 5 Top: running difference images of the global coronal wave on 2010 June 12 observed by
SDO/AIA. The white curves outline the 30± sector in which the perturbation profiles are calcu-
lated, starting from the determined wave center (indicated by the asterisk signs). Bottom left: the
base ratio stack plot obtained from 12 s images over the 30± sector in the top panels. Bottom right:
distance-time, velocity-time and amplitude-distance plots of the wave obtained from the base differ-
ence profiles.

et al. 2009), while others found that the constant velocity result is in fact not consistent with obser-
vations. Warmuth et al. (2001) found a deceleration of the disturbances by studying two events ob-
served in SOHO/EIT 195 Å and HÆ images. Similarly, Vršnak et al. (2002) found that the observed
He I (10830 Å) and the HÆ disturbances show a deceleration on the order of 100°1000 m s°2,
which is comparable to the value of deceleration rate in our study (from °930 to °150 m s°2).

Our results show that the velocities of the four waves vary with time, which is consistent with
the result of Yang & Chen (2010). They found that the wave velocity and the local magnetic field in
the corona showed significant negative correlation in most wave fronts, which can be explained by
the field line stretching model. Recently, Zhukov et al. (2009) analyzed the coronal wave on 2007
December 8 and also found that the wave velocity changed a lot.

Li et al. 2012, RAA 12,1

http://soi.stanford.edu/results/SolPhys200/Gurman/

12-May-1997



• speeds ranging from 200 to over 700 km s-1!

• decelerate to 200-300 km s-1 fast mode speed 
in quiet sun!

• avoid regions of high Alfvén speed → reflection 
at coronal hole boundaries and active regions!

• dimmings

EUV waves - Observations



• regions with decreased intensity in EUV 
data and soft X-rays !

• dimming is density depletion caused by 
evacuation of plasma during an eruption!

• dimming is a CME signature in the EUV 
corona

Coronal Dimming

http://soi.stanford.edu/results/SolPhys200/Gurman/



Is it possible to obtain information about 
associated CMEs from the study of coronal 

dimmings?



The literature says YES …

• volume of the dimming → CME mass!

• spatial extent of the dimming → angular 
extent of the CME!

• evolution of dimmings (during recovery 
phase) → evolution of CME post-eruption!

• …

Sterling and Hudson, 1997

Thompson et al. , 2000

Attrill et al. , 2006



Can coronal dimming tell us something about 
the driver of the EUV wave? 



START: Identify the EUV wave and the 
coronal dimming



Perturbation Profiles

• sums the intensity values of 
all pixels in a selected sector !

• mean intensity as a function of 
distance from the wave center!

• time evolution of the EUV 
waves and the dimmings

The Astrophysical Journal, 739:89 (14pp), 2011 October 1 Muhr et al.

Figure 5. Illustration of the perturbation profiles.
(An animation and a color version of this figure are available in the online journal.)

thin coronal spectral line is given as

I =
∫

h

f (T , ne)n2
edh , (1)

where the emission measure EM =
∫
h
n2

edh along the line of
sight and the contribution function f (T , ne) depends on the
plasma temperature T and electron density ne (Phillips et al.
2008). To obtain an intensity value in a relatively broad EUV
passband such as the EUVI 195 Å passband, the integral over
several spectral lines must be conducted. Because there are
temperature and density dependences for each spectral line,
the following approximations are made: first, the integration is
only along the pressure scale height H, with an average constant
density n (Wills-Davey 2006). Thus, the intensity turns into
I ≈ f (T , ne)n2

eH , where n2
eH is the emission measure EM.

Second, the quiet Sun in the 195 Å passband is dominated by
its strongest line at 195.12 Å (Del Zanna et al. 2003), which is
formed in a narrow temperature range of 1.2–1.8 MK, with
the peak response at ≈1.4 MK (Feldman et al. 1999). In
Figure 3 of Zhukov (2011), it is evident that the contribution
function of the 195.12 Å spectral line only weakly depends on
density, i.e., f (T , ne) ≈ f (T ), and on the temperature near its
peak response, which is also the position where the differential
emission measure peaks. Assuming that the temperature does

not change considerably after the wave front passes, the relative
intensity change I/I0 (with I and I0 referring to the initial and
final states, respectively) can be used to estimate the density
increase n/n0 ∼ (I/I0)1/2. Zhukov (2011) gives a detailed
discussion of this approach, which is under consideration by
the CHIANTI atomic database.

For each wave, we estimate the density jump Xc = n/n0
at the peak amplitude of its perturbation profile. Assuming
the shock height is in the low solar corona (Veronig et al.
2010), we can conclude from typical EUV wave velocities (in
the range of 200–500 km s−1) that the assumption of a quasi-
perpendicular fast-mode MHD shock is reasonable (Mann et al.
1999). Considering the Rankine–Hugoniot jump conditions at a
perpendicular shock front (e.g., Priest 1982), the magnetosonic
Mach number Mms = vc/vms (where vc is the coronal shock
velocity and vms is the magnetosonic speed) can be expressed
as

Mms =

√
Xc(Xc + 5 + 5βc)

(4 − Xc)(2 + 5βc/3)
, (2)

where βc is the ambient coronal plasma-to-magnetic-pressure
ratio and Xc = n/n0 is the density jump at the shock front.
For the specific-heat ratio (the polytropic index), we substitute
γ = 5/3. For the plasma beta in the quiet Sun, we assume

5

Muhr et al. 2011, ApJ 739:89



Long et al. 2011

A&A 531, A42 (2011)

Fig. 5. Same as for Fig. 2 but for 2007 Dec. 07
STEREO-B.

Fig. 6. Same as for Fig. 2 but for 2009 Feb. 12
STEREO-B.

A42, page 10 of 15

D. M. Long et al.: Wave properties of CBFs

Fig. 7. Same as for Fig. 2 but for 2009 Feb. 13
STEREO-B.

Fig. 8. Left panel: PBD image with arc sector over-plotted. Right panel: intensity profile across arc sector. The intensity profile at a given distance
corresponds to the mean intensity across the arc sector at that distance. This is then fitted using a Gaussian model and repeated for the next image.
The vertical lines in the right-hand plot and arc lines in the left-hand plot correspond to the 2σ limits of the Gaussian fit. The associated movie
(15879_mov.mpeg) shows the procedure used to build these diagrams.

A42, page 11 of 15

D. M. Long et al.: Wave properties of CBFs

Fig. 7. Same as for Fig. 2 but for 2009 Feb. 13
STEREO-B.

Fig. 8. Left panel: PBD image with arc sector over-plotted. Right panel: intensity profile across arc sector. The intensity profile at a given distance
corresponds to the mean intensity across the arc sector at that distance. This is then fitted using a Gaussian model and repeated for the next image.
The vertical lines in the right-hand plot and arc lines in the left-hand plot correspond to the 2σ limits of the Gaussian fit. The associated movie
(15879_mov.mpeg) shows the procedure used to build these diagrams.

A42, page 11 of 15



• X2.1 flare @ 22:12 UT!

• EUV wave, direction north!

• associated CME

6th September 2011
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coronal dimming
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• CME connection!

• STEREO in quadrature, 
3D structure?!

• improve methods (stack 
plot along great circle…)!

• more events

Outlook


