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Abstract

Propagating shocks in the solar corona have been observed as type II radio
bursts for over half a century. Another observational signature of large-amplitude
perturbations are Moreton waves observed in Hα, and indeed several studies have
suggested that Moreton waves and type II bursts are closely associated. During
the last few years waves features were detected in additional wavelength bands such
as EUV or soft X-rays, but whether these signatures are created by a common
mechanism has remained controversial. We present new soft X-ray observations
of globally propagating coronal waves obtained with the Solar X-ray Imager (SXI)
aboard GOES -12. Due to their high temporal cadence, SXI data prove that all
signatures of coronal waves are created by the same physical disturbance. The
behavior of this disturbance is consistent with a large-amplitude simple MHD wave
that is at least partly shocked. In addition we show that the metric type II bursts
that were observed in our events are kinematically consistent with the wavefronts.
This implies that both coronal waves and metric type II bursts are caused by the
same coronal disturbance. Due to its high cadence and duty cycle SXI is an ideal
instrument to study this relation.

1 Introduction

Shocks propagating through the solar corona are most conveniently observed via the radio
radiation they generate, which takes the form of narrow-band emission drifting from higher
to lower frequencies. These type II radio bursts [for a review, see e. g. Mann, 1995a] were
first interpreted as the signature of a collisionless fast-mode MHD shock by Uchida [1960].

With regard to the origin of type II bursts, no consensus has yet been reached. Usu-
ally a flare-ignited blast wave scenario [e. g. Vršnak & Lulić., 2000] and a CME-driven
shock [e. g. Cliver et al., 1999] are considered. Flare-generated disturbances usually can-
not penetrate to IP space, which is probably due to a local maximum of the Alfvén

∗ Astrophysikalisches Institut Potsdam, An der Sternwarte 16, D–14482 Potsdam, Germany

367



368 A. Warmuth et al.

speed in the higher corona [e. g. Warmuth & Mann, 2005]. Therefore, most decamet-
ric/hectometric/kilometric type II bursts are generated by CME-driven shocks [e. g. Reiner
et al., 2001].

The situation is more complicated for the coronal shocks that generate metric type II
bursts. There is evidence that both flares and CMEs can create such shocks [e. g. Classen
& Aurass, 2002]. One of the main difficulties in identifying the sources of these distur-
bances is our limited knowledge of their kinematics. Radiospectral data of type II bursts
yield only a speed along the density gradient. Moreover, this speed is dependent on the
density gradient. On the other hand, radioheliographic data are available only for a few
frequencies and with low spatial resolution. Given these limitations, the comparison of
type II and CME propagation or the back-extrapolation of the type II propagation in
order to find the time and location of the ignition of the shock might yield ambiguous
results.

Another signature of large-amplitude disturbances in the solar corona are globally prop-
agating coronal waves. They were originally observed in Hα as arc-shaped fronts prop-
agating away from flaring/erupting active regions with speeds of the order of 1 000 km
s−1 [e. g. Moreton, 1960]. Moreton waves were interpreted to be the ground track of a
dome-shaped coronal fast-mode wavefront that sweeps over the chromosphere [Uchida,
1968]. The same wavefront could also generate type II bursts, provided that at least a
part of the wave has steepened to a shock [Uchida, 1974]. Indeed, the comparison of
timing and velocities in individual events suggested a close association between the two
phenomena [e. g. Harvey et al., 1974].

Provided that metric type II bursts and coronal waves are generated by the same dis-
turbance, the waves can be used to constrain the kinematics of this perturbation more
tightly than it is possible from radiospectral observations alone. This is mainly because
the measurement of their kinematics is not dependent on density and because accurate 2D
spatial information is available. It is thus possible to determine the launch time as well
as the starting point of the perturbation, which can then be compared to the evolution
of the associated flare and CME in order to identify the cause of the disturbance.

A prerequisite for this approach is a better understanding of coronal waves and their
relation to the radio bursts. The EIT instrument aboard SOHO ([Delaboudinière et al.,
1995] has recorded a large number of globally propagating coronal waves [Thompson et
al., 1998] in the EUV. However, whether these “EIT waves” are the coronal counterpart to
Moreton waves is still being debated, since they are 2-3 times slower than Moreton waves,
appear much more frequently and usually have a more diffuse and irregular morphology
[e. g. Klassen et al. 2000]. Unfortunately, the low cadence of EIT does not allow a precise
determination of the kinematics of the waves, whereas Hα data show the fronts only
comparatively close to the source.

Like the EUV, soft X-ray (SXR) observations offer the opportunity to observe the coronal
waves directly, not just their chromospheric signatures. A few waves were observed with
Yohkoh/SXT, and it was shown that they match the kinematical curves of the associated
Moreton waves [e. g. Khan & Aurass 2002]. Due to the small FOV in SXT’s flaring mode,
these waves could not be traced far enough in order study their relation with global EIT



On the Relation between Coronal Waves and Metric Type II Radio Bursts 369

Figure 1: The propagation of the coronal wave of 2003 November 3 as shown by SXI (left, right)
and EIT 195 Å (middle) running difference images. The wave is indicated by arrows. Note that
the morphology of the wavefront is similar in SXR and EUV.

.

waves. This is now possible with the Solar X-ray Imager (SXI) aboard the GOES-12
satellite [Hill et al., 2005]. It provides full-disk coverage and a superior time cadence as
compared to EIT, and we have succeeded in detecting coronal waves with SXI.

In this communication, we employ these “SXI waves” – using six events from October
and November 2003 – to constrain the physical nature of large-scale coronal waves. In
addition, we compare the characteristics of coronal waves to those of the associated metric
type II bursts, and show that they are indeed created by a common disturbance.

2 Observations with GOES/SXI

SXI is a grazing-incidence telescope which provides full-disk solar images (with a resolution
of 5” per pixel) using various analysis filters. For observing coronal structures, long-
exposure (3 sec) images in the temperature range of 3–5 MK are used. Between 2003
October 29 and 2003 November 4, such images were available at a cadence of 2–4 min. In
this period the active regions (ARs) 10486 and 10488 produced numerous energetic flares
and CMEs. We found six wave events in the SXI data (labelled E1 to E6 in this work), all
of which were also observed by EIT. With the exception of one event, all were associated
with strong flares, as well as with CMEs and metric type II bursts.

Figure 1 shows two running difference images of the best-defined SXI wave event associated
with an X3.9 flare and a fast CME on 2003 November 3. The wavefront is clearly visible
as an area of increased emission propagating away from AR 10488. The front extends
also above the solar limb to heights of ≈ 100 Mm. The EIT difference image also included
in Fig. 1 shows that EUV and SXR signatures are very similar. The broadly comparable
brightness increase over the range from 1.5 to 4 MK implies that the coronal disturbance
must be compressive and cannot solely be due to temperature changes.

In order to determine the relation of the SXI waves to the chromospheric signatures, we
have checked the events for wave signatures in Hα and He I (using data from the solar
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Figure 2: Kinematics of the coronal wave events [after Warmuth et al., 2005]. The distances of
the leading edges are plotted together with 2nd degree polynomial fits. Distances are given in
Mm (103 km). Also included are HXR lightcurves of the associated flares.

observatories Kanzelhöhe, Big Bear and Mauna Loa). Hα waves were found in four events,
while weak He I signatures were present in one case. The distances of the leading edges
from the center of the flare were measured along ten great circles [cf. Warmuth et al.,
2004a] for all SXI, EIT, Hα and He I wavefronts. The result is shown in Fig. 2, where
also the numbers of fronts in the various spectral bands are given. Hard X-ray (HXR)
lightcurves (25 - 50 keV; plotted in arbitrary units) from RHESSI [Lin et al., 2002] are
included at the bottom of each graph to show the context of the associated flares (for the
events E2 and E6, the derivative of the flux in the 3 - 25 keV GOES channel is shown as
a proxy for the HXR emission). The majority of the waves are apparently launched near
the impulsive energy release phase, while E3 and E4 seem to start up to 10 min earlier.

Figure 2 shows that the wavefronts are consistent with a single physical disturbance
causing the different signatures. This confirms the findings of Warmuth et al. [2004a].
Deceleration is present in all events, and the kinematical parameters derived closely cor-
respond to the results of Warmuth et al. [2004a], which means that we are studying the
same class of events. It is also evident from Fig. 2 that SXI wavefronts can be observed
close to as well as far away from the starting location. They thus represent a missing link
between Moreton and EIT waves. This is also reflected by the fact that their deceleration
and mean speeds lie in between the values found for Moreton and EIT waves [Warmuth
et al., 2005]. Thus SXI observations sample both propagation regimes: the vicinity of the
AR where the wave is fast and strongly decelerating, and the more remote areas of the
quiet corona where the disturbance has a lower and nearly constant speed.

The ubiquitous deceleration, combined with the decrease of the waves’ intensities and the
increase of their thickness, is typical for a shock formed from a large-amplitude magneto-
hydrodynamic simple wave [cf. Mann, 1995b]. Since the trailing edge has a small ampli-
tude, it moves with the fast magnetosonic speed vms, whereas the leading edge propagates



On the Relation between Coronal Waves and Metric Type II Radio Bursts 371

Figure 3: Correlation between the onset time delays (with respect to the SXR flare onset) of type
II burst (∆ttypeII) and Moreton waves (∆twave). A linear fit of the data points is shown, and the
correlation coefficient C is indicated. Additional data points (diamonds) show the correlation
between ∆ttypeII and the onset time delay of four SXI waves.

supermagnetosonically at vlead = Mmsvms, where Mms > 1 is the magnetosonic Mach
number. This causes a broadening of the perturbation profile, and combined with the ge-
ometric expansion, this leads to a drop in the perturbation amplitude, which also means
that the disturbance will slow down and may finally decay to a linear wave propagating
at vms. We stress that the observed waves all decelerated to comparable speeds, as given
for example by the mean EIT speed 〈v̄EIT 〉 = 320 ± 120 km s−1. This agrees very closely
with the value of 〈v̄EIT 〉 = 311 ± 84 km s−1 found by Warmuth et al. [2004a]. These
velocities thus do not reflect properties connected to an individual event, but rather the
characteristic speed of the ambient medium, i.e. vms. This supports the notion that in
the regions far from the source AR the disturbances are fast-mode waves.

3 Relation of waves and type II bursts

After having established that indeed all wavefronts are created by a single disturbance,
we can now study how this perturbation relates to the associated metric type II bursts.
Recently Warmuth et al. [2004b] have shown that probably all Moreton waves are ac-
companied by metric type II bursts. Moreover, close correlations between Moreton and
type II kinematics and timing were found, which strongly suggests that Moreton waves
and type II bursts are signatures of the same disturbance. This is supported by obser-
vations with the Nançay radioheliograph, which have shown for two events that the type
II burst sources are closely associated with the Moreton wavefronts [Gopalswamy et al.,
2000; Khan & Aurass, 2002].

As an example, the crosses in Fig. 3 show the correlation between the Moreton wave
and type II burst onset time delays ∆t (i.e, the time lags between wave/burst onset and
the start of the associated SXR flare) for the 12 events of Warmuth et al. [2004b]. The
later the Moreton wave is observed, the later the burst will start, too, which implies that
the expansion of the disturbance (i.e. the shock geometry) is broadly self-similar in the
different events.
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Figure 4: Left: Kinematics of the coronal wave of 2003 Nov 03. Symbols are as in Fig. 2.
Right: Kinematics of the metric type II burst associated with the same event. The heights were
calculated using a one-fold Newkirk density model. Note that the two kinematical curves agree
closely during the first half of the propagation of the disturbance.

One problem with establishing these correlations is the scarcity of well-defined Moreton
waves. SXI waves, which are more readily detectable, might be able to improve the
situation, since they provide more information on the waves’ kinematics than EIT. As a
proof of this concept we have included in Fig. 3 the correlations between ∆ttypeII and the
onset time delay of four of our SXI waves (diamonds). It is evident that they show the
same correlation as Moreton waves do.

Apart from these correlations, we also find that the kinematics of waves and type II bursts
– bearing in mind the limitations mentioned in Sect. 1 – are very similar in the individual
cases. To illustrate this, Fig. 4 shows the kinematical curves of the coronal wave of 2003
November 3 (using SXI, EIT and Hα fronts) and the associated type II burst (using a
one-fold Newkirk density model) which was observed by the Potsdam-Tremsdorf radio
spectral polarimeter [Mann et al., 1992]. Both phenomena are launched at the same time
and have similar initial speeds. However, the wavefronts decelerate more strongly than
the burst source, presumably because it is propgating through a denser medium.

4 Conclusion

We conclude that a coronal transient that is observable with EIT will generally also be
imaged by SXI. The SXI observations presented here are consistent with the scenario of
a large-amplitude simple wave which is at least partly shocked and which generates all
signatures in the various spectral ranges. Furthermore, we have presented strong evidence
for the notion that this perturbation generates both coronal waves and metric type II
bursts. Note that the coronal waves we have studied are probably the high-amplitude
limit of the phenomenon. There are many coronal waves without type II bursts, and they
may be generated by a different mechanism.

SXI is ideally suited for a consistent study of how initially supermagnetosonic coronal



On the Relation between Coronal Waves and Metric Type II Radio Bursts 373

perturbations decay to ordinary fast-mode waves. The high cadence of SXI also allows
for a better kinematical characterization of the waves even when supplementary data such
as Hα images are not available or when the event is too weak to produce chromospheric
signatures. Given the high duty cycle of SXI, this means that over the next few years
an event sample of hundreds of kinematically resolved coronal waves will be compiled.
This large data set will hopefully allow us to solve some of the long-standing issues
regarding coronal waves and shocks, the most important one being the question of how
these disturbances are launched.
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