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Theories
• Waves

•  Fast-mode, Slow-mode, Soliton, Shock waves

•  e.g., Thompson et al. (1998), Wang (2000), Ofman & Thompson (2002), 
Podladchikova et al. (2010), Wills-Davey et al. (2007), Grechnev et al. (2008)

• Magnetic field restructuring

•  Joule heating, small-scale reconnection

•  e.g., Chen et al. (2002), Delannée et al. (2008), Attrill et al. (2007)

• Both

•  Zhukov & Auchère (2004), Cohen et al. (2009), Downes et al. (2011), Liu 
et al. (2012)
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EIS

Harra et al. (2011), Veronig et al. (2011)

The Astrophysical Journal Letters, 737:L4 (6pp), 2011 August 10 Harra et al.

Figure 1. Base difference images derived from AIA 193 Å passband data showing the time period when the two wave fronts passed through the EIS field of view. The
base image subtracted from the others was at 13:01 UT. The position of the EIS slit is marked as a blue solid vertical line. Red arrows in frames 2 and 3 highlight the
wave front and in frame 4 the surge is highlighted.

(An animation of this figure is available in the online journal.)

all the emission lines. The second was related to an arc-shaped
propagating structure seen in X-rays and was only observed in
the hotter emission lines in the EIS study. They were found
close to the flaring active region. Chen et al. (2010) also studied
the behavior of the Doppler shifts and line widths of an EIT
wave. They found the classic features of outflowing plasma in
the dimming region seen behind the EIT wave (e.g., Harra &
Sterling 2001). In addition, they found a second blueshifted
component of 100 km s−1 with a drift velocity along the slit
of 450 km s−1 only observed in Fe xv and Ca xvii which
corresponded to the shock wave associated with the flare. These
observations were also close to the flaring active region.

In this Letter, using data from Atmospheric Imaging
Assembly (AIA) and EIS we analyze an “EIT wave” of 2011
February 16 as it propagates north of active region 11158, the
source region of the eruption, toward active region 11159. The
EIS slit was lying between the two active regions allowing us to
determine for the first time with a high time cadence the spec-
troscopic signature of an EIT wave in the corona as it propagates
away from the active region.

2. OBSERVATIONS

The EIS on board Hinode (Culhane et al. 2007) is a scan-
ning slit spectrometer observing in two wave bands in the
EUV: 170–210 Å and 250–290 Å. The spectral resolution is
0.0223 Å pixel−1, which allows velocity measurements of a
few km s−1. The temperature coverage ranges from log T =
4.7–7.3 with a spatial resolution of close to 1′′–2′′. The data
in this study were acquired during campaign HOP1806 per-
formed during 2011 February 10–17. HOP180 was specifically
designed to study plasma diagnostics, plasma flows, and their
dynamics at EIT wave fronts by combining high-cadence sit-
and-stare EIS spectroscopy in various chromospheric, transition
region and coronal spectral lines with high-cadence multiwave-
length imaging by AIA. For this observation, the 2′′ slit was
used in “sit-and-stare” mode between active regions 11158 and
11159. The slit height was 512′′ (with a pixel size of 1′′ in the
y-direction) and an exposure time of 45 s. We concentrate on

6 HOP 180 PIs: P. Gömöry, A. Veronig; for details see
http://www.isas.jaxa.jp/home/solar/hinode_op/hop.php?hop=0180.

the observations starting at 14:08 UT and focus on the Fe xii
195.12 Å (log T = 6.1) and the Fe xiii 202.04 Å (log T = 6.2)
spectral windows. We fitted the data using a single Gaussian
in most cases, but applied a double-Gaussian fit in the region
closest to the eruption, where two components are clearly seen.

The AIA on board the Solar Dynamics Observatory (SDO)
has a spatial resolution of 1.′′4 and a high time cadence. For
this sequence we used a subset of AIA images which gave a
cadence of 25 s. For the analysis we concentrated on the 193 Å
bandpass as the wave is seen most clearly in this band. It is also
the passband that includes the EIS 195 Å emission line.

Figure 1 presents base difference images from AIA. The
images were de-rotated, and then the first image in the sequence
was subtracted from the subsequent images. The M1.6 flare
started at 14:19 UT in AR 11158 (the southern active region).
The flare was impulsive, peaking five minutes later. The flare
itself was over in less than 40 minutes, so was not a long-duration
event, but nonetheless images from EUV and coronagraph
instruments on STEREO show a clear ejection and CME. The
first image shown in Figure 1 shows the intense brightening
of the flare, just before the peak was reached. The second
image shows a weak wave front approaching the northern
active region. The third image shows a dimming region firmly
established north of the flaring active region. Finally, another
weak wave front passes through. Arrows highlight the first
wave propagating, and then the surge. From the AIA images
we estimate the speed of the first wave to be 500 ± 50 km s−1.
This all happened in only 17 minutes and would have been very
difficult to see with SOHO EIT due to the lower time cadence.
The wave fronts are very weak and more easily seen in the
animation available in the online version of the journal.

Figure 2 shows EIS Fe xii intensity data. Since this is a sit-
and-stare study the morphology is difficult to track. The FOV is
shown in Figure 1. The lower part of the EIS FOV lies on the
southern active region. In this region very strong outflows are
seen, illustrated by the strong blueshifted secondary components
in the line profiles. These speeds reach over 400 km s−1—indeed
the secondary component is so fast that it falls out of the
EIS spectral window in some cases. For values from y =
−130′′ increasing in the y-direction between about 14:23UT and
14:30 UT, there is an extremely weak feature in the intensity
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The Astrophysical Journal Letters, 743:L10 (7pp), 2011 December 10 Veronig et al.

+10 km/s
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Figure 2. Stack plots showing the Fe xiii 202 Å evolution along the EIS slit during the time range 14:10 to 15:42 UT: (a) velocities, (b) intensities, (c) intensities
together with velocity contours at −15 km s−1 (blue) and +10 km s−1 (red), and (d) densities derived from the Fe xiii 202/203 Å line pair.

Figure 3. Velocity profiles derived from the EIS Fe xii (top) and Fe xiii (bottom) spectrograms (only each 10th profile available is plotted). Each profile starts at the
y-position along the slit. The circles plotted on top of the Fe xiii profiles indicate the position of the peak LOS velocity at the wave front. These positions/values are
used for the EIS wave kinematics (Figure 4(a)) and LOS velocity evolution (Figure 4(b)) as well as for the correlation plots in Figure 5.
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• Proba-2/SWAP:

• Off-pointed with high-cadence, high-intensity images (174A @ 100s 
nominal cadence)

• Hinode:

• XRT used to identify flare in target active region, triggering EIS

• EIS used to get spectroscopic observations of “EIT Wave” pulse

• Multiple density-sensitive line ratios across a range of temperatures

• AIA;

• High-resolution, high-cadence low coronal observations
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So far..

• 3 observing runs; 12 & 20 March, 2 April

• No successful observations

• Some issues on all occasions

• Hinode manoeuvers, Proba-2 server issues etc.

• EIS observing plan now fully incorporated 

• Actively hunting for promising active regions
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