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ABSTRACT

Aims. The aim of this paper is to determine location and speed of a coronal shock from a type II burst spectrum without relying on any coronal
density model, and use the result to discuss the relationship between the type II burst and Coronal Mass Ejection (CME).

Methods. This study is made for the 2004 August 18 solar eruption observed by Green Bank Solar Radio Burst Spectrometer (GBSRBS) and
a limb CME/streamer simultaneously detected by Mauna Loa Solar Observatory (MLSO) MK4 coronameter. We determine the background
density distribution over the area of interest by inverting the MLSO MK4 polarization map taken just before the CME onset. Using the two-
dimensional density distribution and the type II emission frequencies, we calculate the type II shock heights along several radial directions
selected to encompass the entire position angles of the CME. We then compare these emission heights with those of CME to determine at
which position angle the type II burst propagated. Along the most plausible position angle, we finally determine the height and speed of the
shock as functions of time.

Results. It turns out that the type II emission height calculated along a southern streamer best agrees to the observed height of the CME flank.
Along this region, both the shock and CME moved at a speed ranging from 800 to 600 km s~!. We also found that the streamer boundary
already had enhanced density compared to other parts before the CME, and formed a low Alfvenic region.

Conclusions. We therefore conclude that the type II burst was generated at the interface of the CME flank and the streamer, as was favorable
for the shock formation.
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1. Introduction More recently, Gopalswamy et al. (2005) suggested that the as-
sociation between metric type II bursts and CMEs may vary
depending on the CME energetics, while earlier studies sug-
gested all three possibilities: generation of type II emission by
the flare-produced shocks, or by the CME-produced shocks at
its front or flank (e.g., Classen & Aurass 2002).

In this paper, we present an analysis of an event that is de-
signed to trace the type II burst from its generation in the low
corona. Study of this single event would not entirely resolve
the long-standing debate over the origin of all type II bursts.
We however believe that the present dataset and our new strat-
egy have several advantages to offer an unusual insight into the
origin of type II bursts. The advantages are as follows.

Type II radio bursts usually appear in a form of two fre-
quency bands drifting with time, which correspond to the lo-
cal plasma frequency and its harmonic, and are an important
tracer for shock waves propagating away from the sun (Wild
& McCready 1950). From a typical density distribution we
can infer that metric type II bursts are generated in the low
corona, 1.2 — 2.5R, and deca-hecto-kilometric type II bursts,
in the interplanetary space. It is now agreed that decametric
and longer wavelength type II bursts are due to Coronal Mass
Ejections (CMEs), but the association of the metric type II
bursts with CMEs remains as controversial (Gopalswamy et
al 1998; Cliver, Webb & Howard 1999). The most straight-

forward test would be the spatial association between CMEs First, recent studies of CME dynamics have mostly used

and the type II burst source, but simultaneous imaging of both
phenomena has never been so easy (e.g., Bastian et al. 2001).
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SOHO/LASCO C2 and C3 data, which provides excellent
white light images in 2 — 32 R,. However type II shocks are
believed to form in the lower corona, 1.2 — 2.5 R, and one has
to extrapolate the CME dynamics measured by LASCO obser-
vations back into the low corona typically assuming constant
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speed (e.g., Cho et al. 2003; Lara et al. 2003; Shanmugaraju et
al. 2003). To avoid any uncertainty possibly caused by this ex-
trapolation, we use the MK4 coronameter of Mauna Loa Solar
Observatory (MLSO) so that we can directly see the CMEs
kinematics in the type II formation region (< 3Rg). The coro-
nameter also has a high time cadence (3 minutes) and thus ex-
pected to provide us with near-simultaneous data of CME kine-
matics corresponding to the type Il emission.

Second, most studies have used coronal density models
in order to convert the frequencies of type II spectra to the
height of the shock (Robinson & Stewart, 1985; Thompson,
Kennewell & Prestage, 1995). Use of a specific density model,
however, leaves ambiguity, not because the density model is
inaccurate, but because the real density distribution can vary
with time and location (Bemporad et al. 2003; Guhathakurta
& Fisher 1998; Parenti et al. 2000). In the present study, we
will estimate the coronal density using the polarization bright-
ness data of MLSO MK4 coronameter to avoid the ambigu-
ity introduced by using a fixed density model. A previous at-
tempt to directly measure the density was made by Mancuso
et al. (2003) who used SOHO Ultra Violet Coronagraph
Spectrometer (UVCS) observations of the O VI doublet line
to estimate type II shock speeds in the range from 1.5 to 2.3
Ro.

Third, we argue that the coincidence of type II bursts with
CME:s in terms of their onset times or speeds is insufficient
evidence for identifying the origin of type II bursts. As an ex-
treme case, we consider it possible that the flare, CME, and
type II burst can occur almost simultaneously but at all differ-
ent places. As another, the CME may expand maintaining its
shape so that the speed at the CME front may not be much
different from the speed at the flank. In both cases we cannot
locate the type II bursts with the timing or speed measurement
alone. To resolve this ambiguity, the density distribution should
be known, at least, in two-dimensional space so that we can dis-
tinguish between the flare site, CME front, and CME flank. In
this regard, neither a density model-based result (usually given
as a function of solar radius) nor a spectrometer-based result
(usually one dimensional density distribution not in a radial
direction) would help. Use of a two-dimensional polarization
map is our advantage compared with other works.

In summary, we expect that the present dataset will allow
to locate the type II burst source on the two dimensional plane
without relying on the extrapolation of CME dynamics and
density models, and that such result will help to resolve the
ambiguity about the origin of the type II burst. Plan of this pa-
per is as follows: in Section 2, we describe the radio and WL
observations. In section 3, we present the result of the density
measurement, location of the CME and the type II shock, and
speed measurement. Finally, a conclusion is given in Section 4.

2. Observations

We study the CME event and associated type II burst occurred
on 2004 August 18 mainly using the MLSO coronameter and
Green Bank Solar Radio Burst Spectrometer (GBSRBS). The
associated flare occurred at S14W90 and was classified as a
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Fig. 1. Vignetted MK4 images of the CME on 2004 August 18. The
MK4 field of view is from 1.08 to 2.85 R,. Arrows indicate the CME
heights measured along two dotted lines of the CME front (PA1 =
250°) and CME flank (PA2 = 230°) near the helmet streamer, respec-
tively.
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Fig.2. Dynamic spectrum of the type II burst observed by the
GBSRBS on 2004 August 18. Dotted white line in the upper panel
indicates the frequency drift of the fundamental emission band of the
burst. The dashed and solid lines in lower panel denote the GOES X-
ray flux and total radio flux curve, respectively.

GOES class X1.8 flare. The flare started at 17:30 UT and
peaked at 17:40 UT with a duration time of 25 minutes.

2.1. White-light observation

The MK4 coronameter produces white-light brightness and po-
larization maps every 3 minutes in the wavelength range from
700 to 950 nm with a field of view from 1.08 to 2.85 Rg
(Elmore et al., 2003). We use the enhanced images available
through the MLSO’s website! that are produced by applying
an artificial vignetting function to the polarization brightness
data. The angular and pixel resolutions of the MK4 coroname-
ter are about 20" and 5.93”, respectively.

Figure 1 shows the vignetted MK4 CME images taken at
17:44 UT (left panel) and 17:50 UT (right panel), respectively.
We set two dotted guide lines, PA1 and PA2, to indicate the
CME nose and flank, respectively, making the heights of the
CME front along each position angle with arrows. It is obvious
to our eyes that the CME nose moved out along the position
angle PA1. The height of the nose was about 2.0 R at 17:44

! http://mlso.hao.ucar.edu/cgi-bin/mlso_acoshome.cgi
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UT and ~2.3 Ry at 17:50 UT. It was a little bit subtle to locate
the CME flank at PA2, because the half width of the whole
CME is about 30° and PA2 is only 20° away from PAI. It is
however clear from a movie! that this CME was interacting
with the southern streamer at the angle PA2. We consider that
the part of CME away from its nose and interacting with the
nearby streamer should correspond to the CME flank. This is
why we believe that PA2 should correspond to the southern
flank of the CME. Since there was a data gap between 17:32
UT and 17:44 UT in MLSO/MK4 observation, the CME was
firstly seen at 17:44 UT in the MK4 field of view.

2.2. Radio Observations

The GBSRBS is located in a radio quiet zone at NRAO’s
Green Bank site, and produces high quality radio dynamic
spectra with low noise interferences in the range from 18MHz
to 70MHz with 565 frequency channels with 1 second time res-
olution. The low noise is an advantage for our purpose of es-
timating the type II burst frequencies. We use the background
subtracted dynamic spectrum, which is available at the web-
site> of Green Bank observatory.

Figure 2 shows the GBSRBS dynamic spectrum together
with lightcurves of GOES 0.5-4 A flux (dashed line) and total
radio flux integrated from 18 MHz to 70 MHz (solid line). The
type II burst started at 17:44 UT, just at the first appearance
time of the CME in the MK4 coronameter. While the harmonic
band of the type II burst started at 17:46 UT and lasted for about
40 minutes from above 70 MHz to 20 MHz, the fundamental
band has a frequency drifting from about 60 MHz at 17:44 UT
to 18 MHz at 17:58 UT. There were also a group of type III
bursts at about 18:06 UT and a weak type IV burst appearing
at 18:10 UT near the end of the type II burst.

3. Analysis
3.1. Onset Time

Since the type II burst started much later than the flare impul-
sive phase (defined by the steep rise of the GOES soft X-ray
lightcurve in Fig. 2), we can safely ignore the flare association
of this type II event. The starting time of type II burst rather
coincides with the first appearance of the CME in MK4 field of
view. We therefore focus our analysis on the association of this
type II burst with the CME.

3.2. Coronal density

We derive the coronal density distribution by inversion of po-
larized brightness measurement (van de Hulst, 1950) using the
LASCO IDL routine (pb_inverter.pro) in the SolarSoft pack-
age’. The left panel of Figure 3 shows the selected MLSO coro-
nal polarization brightness image. This data was taken at 17:06
UT, before the CME eruption time (17:44 UT), and thus repre-
sents the background coronal density. The lines denoted with a

2 http://www.nrao.edu/astrores/gbsrbs/
3 http://www.Imsal.com/solarsoft
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Fig. 3. MLSO coronal polarization brightness data (left) just before
the CME event and its difference image (right). Coronal density was
measured along the dotted lines at 9 position angles (a=219°, b=225°,
c=231°(PA2), d=237°, e=250°(PAl), f=270°, g=276°, g’=282°, and
h=288°, respectively).
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Fig. 4. Measured coronal density distributions along the position an-
gles denoted in Figure 3. The distributions at the northern flank of the
CME at 276°(g) and 282°(g’) are similar to each other. Dotted lines
denoted as NK1 and NK2 represent the one- and two-fold Newkirk
density models, respectively.

to h are the selected position angles ranging from 219° to 288°
that encompass the entire area swept by the CME. These radial
directions are used in Figure 4 to display the radial distributions
of the coronal background density. Shown in the right panel is
a difference image between two MLSO images at 17:06 UT
and 17:03 UT. Since the difference image exhibits no notice-
able plasma motion, we assume that our density measurement
will not be contaminated by any mass motion.

Figure 4 shows the measured density distributions along
the selected position angles (defined in Fig. 3). As comparison,
we also plot density distributions from a popular model, the
one and two-fold Newkirk models (Newkirk, 1961) denoted as
NK1 and NK2, respectively. As shown in the figure, the de-
rived electron densities near southern helmet streamer (b, ¢, d)
are most enhanced, lying between one-fold (NK1) and two-fold
(NK2) Newkirk models at some heights (1.6 - 2.2 Ry). The den-
sity found along the position angle (e), that is later swept by
CME nose is less than NK1 at height above 1.8Rs. The north-
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Fig.5. Height-time plot of CME front (triangles) and CME flank
(filled circles). Each line denotes the coronal shock height estimated
from the radio data and the measured coronal density distribution
along the position angles.

ern streamer region (f, g, h) shows the least amount of density
in the high corona.

3.3. Locations of the Type Il burst and CME

We use the measured density distributions (Fig. 4) in convert-
ing the observed type II frequencies to the shock heights. We
first measure the emission frequencies in the fundamental band
(the white dotted line in dynamic spectrum of Fig. 2), and es-
timate the corresponding electron densities under the assump-
tion that the radio emission is generated at plasma frequency
(fp, = 9000 VN, [Hz]) due to the disturbed electrons by the
type II shock. The emission heights are deduced from the den-
sity function determined from a polynomial fitting of the mea-
sured density profiles (Fig. 4). We measure the CME heights
using the vignetted white-light images from MLSO, at its front
and flank (i.e., along the dotted lines in Figure 1 from 17:44
UT to 17:53 UT). The measurement error for the CME height,
as deduced from 10 trial measurements of a CME position in
the MK4 vignetted image, is about 0.01 R (about 2-pixel) and
that of speed is about 95 km s~!, respectively.

Figure 5 shows the type II shock heights calculated along
the selected position angles (solid lines) in comparison with the
CME heights (symbols). Triangles and filled circles correspond
to the CME front and the CME flank, respectively. The lines e
and c correspond to the shock heights estimated along the CME
front (PA1 in Fig. 3) and the southern helmet streamer (PA2 in
Fig. 3), respectively. For the first ~10 minutes, the CME front
propagated from 1.9 to 2.5 Ry and the flank followed it by a
nearly constant distance (about 0.3 Ry). It appears that the type
II shock heights estimated from the density profile measured
near the southern helmet streamer (c, b, d) contacting with the
CME are consistent with the heights of the southern CME flank
(filled circles). All the others show a large deviation from both
CME front (triangles) and CME flank (filled circles). We thus
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Fig. 6. Speed comparison among coronal shock (solid line) estimated
density profile (c) along southern CME flank, CME front (trangles),
southern CME flank (filled circles). The error bars indicates the un-
certainty (+ 95 km s™') of CME speed due to measurement errors
(2-pixels) in MK 4 image.

regard that type II burst was generated at the place where the
CME interacts with the streamer at the southern flank.

3.4. Speeds of the Type Il burst and CME

In Figure 6 we compare the speed of the type II burst with that
of the CME. Since the heights of the type II source and CME
flank coincide, their speed also agree to each other within the
error range. Note however that the CME front also has similar
speed, because the CME flank followed the front by a nearly
constant distance behind. It is thus our view based on this single
event that the speed and timing alone cannot tell at which part
of the CME the type II emission generated, and that locating
ability (such as in Fig. 5) is necessary to address the origin of
type II bursts.

Another noteworthy thing in this figure is that the type II
speed tends to be nearly constant (or slowly decreasing) with
time. This behavior is inconsistent with that of the flare waves
associated with type II bursts, e.g., Moreton waves. Usually the
Moreton waves show a strong deceleration at about —1500 m
s72, which is thought as they are generated by initially strong
shocks by flares (e.g., blast waves) and then decay to fast mode
waves with strong deceleration (Warmuth et al. 2004a, b). The
nearly constant shock speed shown in Figure 6 is rather con-
sistent with the behavior of a piston driven shock by a CME
(Leblanc et al. 2001).

Table 1 summarizes the kinematics of the CME and type II
shock. As mentioned, the speeds of the CME flank and type II
shock are comparable to each other within the MK4 CME mea-
surement error (+ 95 km s™!). A mean speed of type II shock is
about 650 km s~! that is similar to those of CME flank (720 km
s~1) and CME front (740 km s~!). Both the type II shock speed
and the CME flank speed show a similar tendency of weak de-
celeration. The local Alfvén speeds are calculated by adopting
the active region magnetic field model (Dulk & Mclean, 1978)
together with the measured MK4 density distributions along
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Table 1. Kinematics of CME and type II shock.

CME front CME flank Type II
Time Helght VCME VA MA Helght VCME VA MA VII
(UT) (Rs) (kms™) (kms™) (Ry) (kms™) (kms™) (kms™)
17:46 2.06 878 526 1.6 1.72 786 392 2.0 700
17:49 2.25 583 630 0.9 1.91 751 358 2.1 655
17:52 2.41 747 692 1.1 2.09 632 365 1.7 600
mean 736 616 1.2 723 372 1.9 652

the CME front and the CME flank, respectively (Fig. 4). It ap-
pears that Alfvénic Mach number is 1.2 at the CME front and
2.0 at the CME flank, suggesting that the latter is more favor-
able for generating the shock.

4. Conclusion

In this paper, we analyzed an event of metric type II burst and
a CME that occurred on 2004 August 18 to understand their
relationship. We excluded from the beginning the possibility of
flare produced type II shock because of the inconsistent timing
between the type II burst and the flare impulsive phase. It is
later found through the analysis that the shock speed is nearly
constant, which is also against the behavior of shock speed
found for the flare associated events (Warmuth et al. 2004a,
b).

Our analysis was focused on not only whether the type 11
bursts is related to the CME, but at which part of the CME the
type II burst was generated. Our technique used for this purpose
is to compare, for agreement, the densities inferred from the
GBSRBS type II spectrum with those calculated from the two-
dimensional polarization map of MLSO/MK4 coronameter. It
turns out that this technique based on 2D density measurement
is sensitive enough to locate the type II emission source within
the width of the CME~30°. Of course, this locating capabil-
ity of our technique is not only limited by the pixel resolution
of the MLSO coronameter, but depends on the density inhomo-
geneity in the region of interest. If the electrons distribute in the
coronal with real radial symmetry, our technique would make
little difference from other works based on one-dimensional
density models. In the present event, the density contrast due to
the presence of the nearby streamer allowed us to distinguish
whether the type II burst is generated at the CME nose or at its
flank (~ 200 away from the nose).

Our result that the type II burst was generated along the
flank of the CME interacting with the adjacent streamer agrees
to the earlier speculations presented by Classen & Aurass
(2002), Reiner et al. (2003), Mancuso & Raymond (2004), and
Cho et al. (2005). A difference between the latter studies and
ours is that we here attempt to locate the shock within a par-
tial area of the CME, whereas in other studies the idea was
inferred from inconsistent locations of the CME front and the
type II source based on a one-dimensional density model. Not
only the location but also the nearly constant speed of the type
II emission source found in this study supports the existing idea
that the type II shock could be bow/piston driven by the top or

the flanks of CMEs when they interact with the high density
structure of the corona.

We also found that the electron density along the southern
streamer was already more enhanced than other neighboring
regions, before being swept by the CME. To be more specific,
the density distribution along the streamer is comparable to that
of the one-fold Newkirk model in the type II formation regions
(1.6Rs and 2.3R,), whereas at the other region including north-
ern streamer the density falls below the Newkirk model. Such
density contrast can lead to different Alfvénic Mach numbers
along the CME, although the speed of the CME flank is com-
parable to that of the CME front (800 to 600 km s~!). If we use
active region magnetic field model (Dulk & McClean 1978) to
estimate the Alfvénic Mach number of ~1.2 at the CME front
nose and ~2 in the CME flank. This may account for our re-
sult in that the CME flank’s mass motion moves with a speed
that exceeds the local Alfvénic values and thus, is favorable for
generating the type II shocks.

While the present result for a single event strongly supports
the scenario of the type II shock generation at the CME flank
interacting with the nearby streamer, a more extended study
will be required in order to draw a more definite conclusion on
the association between type II and CME.
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