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ABSTRACT

Aims. We have investigated the relationship between coronal mass ejections (CMEs) and coronal type II radio bursts by using type II
associated CMEs whose low coronal observations by MLSO MK coronameters (1.08-2.85 solar radii for MK4) were available.
Methods. For this we considered all type II burst data at 17:00 UT to 22:00 UT from 1996 to 2003, and then compared them with
CME images that were obtained during the same MLSO (Mauna Loa Solar Observatory) observing periods. As a result, we selected
19 type II associated CMEs whose kinematics are well identified. A relationship between CMEs and type IIs has been examined in
terms of spatial and temporal closeness without any extrapolation of CME kinematics as well as in terms of CME-streamer interaction.
Results. We found that: (1) except one event, all the metric type II events occur simultaneously or after the CME appearance in
MK field of view within 30 min, mostly within 10 min after; (2) the distribution of height difference between the CME front and
type II formation shows that there are double peaks, one at the CME fronts and the other at about 1 solar radius behind the front; (3)
about half of the events (9/19) are identified to have CME-streamer interaction (seven streamer deflection and two overlapping), and
the interaction heights are very similar to those of type II formation as well as their interaction times are nearly coincident with those
of type II starting; (4) for the other events (10/19), the CME front heights at the starting time of type IIs are comparable to the heights
of type II formation.

Conclusions. Our low coronal observations of type II associated CMEs suggest that CME front and/or CME-streamer interaction at

CME flank are two main mechanisms to generate type II bursts.
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1. Introduction

Solar metric type Il radio bursts showing emission stripes slowly
drifting from high to low frequency in dynamic spectrum are
regarded to be the signatures of the magneto hydrodynamic
(MHD) shocks generated by flares and/or coronal mass ejec-
tions (CMEs) (cf. Nelson & Melrose 1985). The radio emission
is due to the shock accelerated electrons that generate plasma os-
cillations which are subsequently transformed into radio waves
escaping the shock vicinity. The drift rate of the burst is about
—0.16 +£ 0.11 MHz s, and their life time is in the range of 5 to
15 min (Mann et al. 1996).

There has been a long standing controversy about the ori-
gin of metric type II bursts with the two candidate sources
of solar flares and CMEs (Wagner & McQueen 1983; Gosling
1993; Gosling & Hundhausen 1995; Svestka 1995; Dryer 1996;
Gopalswamy et al. 1998; Cliver et al. 1999; Mancuso &
Raymond 2004; Cliver et al. 2005). One view (e.g., Reiner et al.
2001) is that a flare-associated coronal shock, detected by the
metric type Il radio drift, will decay to an MHD wave close to the
Sun. This view maintains that the fast CME-type II relation is to
be understood as a proxy to the CME-flare relationship because
the type II originating in the flare appears to be associated with

the CME (see also Dryer 1996). Intimate onset time associations
between flares and type II bursts have been reported by several
authors (e.g., Harvey et al. 1974; Visnak et al. 1995; Cho et al.
2003). However, it is not resolved why the vast majority of flares
are not associated with type II bursts. Another view (e.g., Sawyer
1985; Webb & Howard 1994; Cliver et al. 1999) is that a CME
is a special condition for generating type II bursts. In particular,
Cliver et al. (1999) insisted that a Moreton wave in the chromo-
sphere, and a type II burst and EIT wave in the low corona are
driven by fast CMEs. In addition, Cliver et al. (2005) argued
that CMEs are viable drivers for metric type II bursts by re-
examinations of six metric type II bursts during November 1997
using LASCO C1 corongraph. All of these six events have been
regarded as evidence for non-CME drivers (Reiner et al. 2001;
Klein et al. 1999; Warmuth et al. 2001). This view has recently
been supported by Gopalswamy et al. (2005) who proposed that
the association between type II bursts and CMEs strongly de-
pends on the local Alfvén speed as well as on CME energetics.

Recently, there have been several investigations (e.g.,
Classen & Aurass 2002; Lara et al. 2003; Shanmugaraju et al.
2003b; Cho et al. 2005) on the association of metric type IIs
with CMEs. Although the emission height of type II bursts is
known to be in the range 1.2 to 2.5 Ry, these studies were
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based on the extrapolation of CME kinematics observed by
SOHO/LASCO (Large Angle Spectrographic Coronagraph) due
to the lack of low coronal coronagraph images with high tempo-
ral resolution. Using 63 metric-type Il radio bursts together with
SOHO/LASCO and GOES X-ray data, Classen & Aurass (2002)
suggested that type II radio burst excitation may be either due to
shocks driven by the CME front, or the internal parts or flanks
of the CME. Lara et al. (2003) found that the CMESs associated
with type II bursts are more energetic (wider and faster) than reg-
ular CMEs. By considering the extrapolated CME height, shock
formation heights taking into account type II starting frequen-
cies, and the coronal Alfvén speed profile, Cho et al. (2005) sup-
ported the argument of Cliver et al. (1999) that fast CMEs may
be an important origin to produce the type Il radio bursts. Type II
generation ahead of CMEs is demonstrated both theoretically
(Dryer et al. 1979; Dryer & Maxwell 1979) and observationally
(Maia et al. 2000). Reiner et al. (2003) suggested a possibility
that the type Il radio emissions generated by the CME have orig-
inated in an enhanced density region of the corona by examin-
ing the dynamics of two subsequent CMEs on 2001 January 20.
Coronal shocks generated at the CMEs flanks were reported
by several studies by using LASCO observation (Sheeley et al.
2000; Vourlidas et al. 2003). By taking into account the geo-
metrical effect between LASCO CMEs and streamers, Mancuso
& Raymond (2004) also showed that type II shocks could be
bow/piston driven by the flanks of CMEs. However, since these
observations were mainly based on SOHO/LASCO C2 observa-
tions, they did not provide us with the direct kinematic infor-
mation of coronal shocks that associated with type II bursts as
well as the interaction between CME flanks and other coronal
structures such as helmet streamers.

MK3 and MK4 white light coronameters at Mauna Loa
Solar Observatory (MLSO) have low coronal field coverage
(1.12-2.42 R, for MK3 and 1.08-2.85 R, for MK4) with a high
time cadence (3 min) and angular resolutions of about 20 arc-
sec (MK3) and 12 arcsec (MK4) (Elmore et al. 2003). Their
low coronal fields of view with high time cadence allow us
to investigate the CME origin of type II bursts by directly ex-
amining the kinematics of CMEs at the time of type II bursts.
Recently, Cho et al. (2007a) investigated the type II burst as-
sociated CME that was observed by MK4 coronamter based
on coronal density measurement and concluded that the type II
burst was generated at the interface of the CME flank and the
streamer. Their result was used to analyze the type II band split-
ting for estimation of the coronal magnetic field strength (Cho
et al. 2007b). Because of these advantages of the MLSO ob-
servation, we felt that it might be meaningful to examine the
CME:s - type IIs’ relationship and the CMEs’ interactions with
nearby high density streamers, in terms of spatial and tempo-
ral closeness. For this, we considered all type II burst data at
17:00 UT to 22:00 UT from 1996 to 2003; we then compared
them with MLSO CME images that were available during the
same observationally-available period. To our knowledge, such
an extensive study has been carried out for the first time to com-
pare low coronal CME kinematics and type II formation in terms
of their temporal and spatial closeness without any extrapolation
of CME kinematics. For the timing analysis, we compare the
start time of a type II with the first appearance time of a CME
in Mark 3/4 coronagraph fields of view as well as the interac-
tion time between the CME flank and a pre-existing streamer.
For the height comparison, we compare the CME front with the
type II formation height estimated from the starting frequency
of the radio emission. From these studies, we want to examine
which part (front or flank) of a CME is consistent with type II
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formation height (1.2-2.5 Ry). The paper is organized as fol-
lows. In Sect. 2, we explain our event selection and data analysis.
We present the results of temporal comparison, height compari-
son, and CME-streamer interaction in Sect. 3. A brief summary
and discussion are delivered in Sect. 4.

2. Data and analysis
2.1. Data

To directly examine the relationship between CMEs and type 11
bursts, we need white light coronagraph CME images in the low
corona covering the type Il formation region (1.2-2.5 Ry) with
high time cadence. Although there was a LASCO C1 corona-
graph (1.1-3 Ry) from 1996 to 1998 August, its typical time ca-
dence, ranging from several tens of minutes to hours, is not good
enough to estimate the kinematics of type II-associated CMEs.
Fortunately, Mark K-coronameters (MK3/4) at MLSO have a
low coronal field coverage (<3 Ry) and high time (3 min) res-
olution, thus making it possible to examine the CME kinematics
and/or interactions with ambient coronal structures.

The MK3, which had been operated from 1980 to 1999,
had an optical system designed for low scattered light and
relatively wide spectral bandpass from 700 nm to 1080 nm.
The MK3 coronal image has a field of view corresponding to
1.12-2.42 R, with an angular resolution of about 20" and a tem-
poral cadence of 3 min (Fisher et al. 1981). The MK4 coroname-
ter has been operating from 1998 October to present. The MK4
uses the same optical system as the MK3 instrument, but the
low readout noise of the MK4 CCD array improved the signal to
noise ratio by a factor of three, allowing the detection of approx-
imately one third more CMEs than with the MK3 coroname-
ter and, also, the detection of events farther away from the Sun.
It observes the white-light K-corona over the wavelength range
from 700 to 950 nm with a field of view from 1.08 to 2.85 Ry
(Elmore et al. 2003). Its time cadence is the same as that of the
MK 3 coronameter. We have used white light CMEs observed
by MLSO/MK3 and MK4 K-coronameters from 1996 to 2003
during its daily observing time between ~17:00 and ~22:00 UT.
MK3 and MK 4 coronamaters produce images by rotating a lin-
ear CCD array over the FOV, and the measurements at each
position angle correspond to different times. We corrected this
time difference using the time correction programs provided by
the MLSO. For direct determination of CME appearance height
and time, we have also used their pre-event subtracted difference
images.

We have considered the type II bursts reported in the
NGDC/NOAA website! by the spectrographs from the US Air
Force Radio Solar Telescope Network (RSTN) and the Culgoora
Solar Observatory during the same period. The solar surface
locations of the associated flares were taken from National
Geographical Data Center (NGDC)? and confirmed from the
EUYV brightenings in EIT images. In a few cases, their locations
were extrapolated from the active region summary compiled by
USAF/NOAA.

2.2. Event selection and analysis

Our data selection procedure is as follows. First, we have con-
sidered 101 type II bursts reported in the NGDC/NOAA web-
site during the MLSO daily observing time (17:00 to 22:00 UT)

' ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/SOLAR_RADIO
2 ftp://ftp.ngdc.noaa.gov/STP/SOLAR_DATA/FLARES
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Table 1. Details of type II bursts, flares, and CMEs.
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Type Il Flare CME
Date T Ju Hy Obs. Ts Tp Int Loc PA Tt, H;, Hen Ve
(UT)  (MH2) (o) UD (U (Deg) (Dew) (UT) (R (Ro) (kms™)

960505  18:37 F50 1.50 PALE 18:22 18:38 (31 S04E93 115 18:28:08 1.2 1.4 1137
980830 18:10  F80? 1.32 SGMR 18:00 18:05 MI13 N29W60 306 17:12:47 1.3 1.5 360
990120 19:14 F55? 146 PALE 19:06 20:04 M52 NISE74 64 18:47:35 1.8 2.6 540
990617  17:33 F70 1.37 PALE 16:47 17:30 M36 NI9W9%4 285 17:28:29 1.6 1.9 527
990628  20:56 F65 1.39 PALE 20:55 21:01 C35 S25E52 130 20:57:07 1.6 1.6 1100
990820  18:39 F50 1.50 PALE 18:25 1829 MI12  S23E66 104 18:37:33 2.1 2.3 441
991026 21:30 HI150 1.34 CULG 21:09 21:25 M37 SI3W79 245 21:16:44 1.2 2.1 493
000205  19:25 F75 134 PALE  19:17 19:28 X12  N26ES52 55 19:27:39 1.3 1.3 853
000304 18:18 F60? 143 PALE 18:11 1832 CI8 S16E50 135 18:19:59 1.6 1.6 331
000628 19:03 H144 1.35 HOLL 1848 19:10 C37 N21W98 285 18:44:34 1.4 2.7 626
010730 2045 HI180 1.28 PALE 20:36 20:43 C60 S13E61 100 20:48:22 1.6 1.6 588
010820 19:24 H180 1.28 PALE 19:19 19:37 (C23  SISES87 103 19:23:31 1.3 1.4 557
010912 21:36 F41 1.60 PALE 21:05 21:49 C96 SI19W50 245 21:22:38 1.4 1.8 414
011122 20:27 H170 1.30 CULG 20:18 20:36 M38 S24W66 242 20:24:41 1.3 1.3 1332
011228 19:59 HI180 1.28 CulG  20:02 2045 X34 S23E102 121 19:40:22 1.5 2.2 418
020602 20:40 H180 1.27 PALE 20:33 20:44 MI11  S30E50 135 20:38:55 1.2 1.5 700
021013  17:54 HS80 1.60 HOLL 17:46 17:57 C47 SO07W54 255 17:51:38 1.2 1.5 623
021112 19:00  F85? 1.30 HOLL 18:41 1856 M29 S11W76 257 18:48:21 1.1 2.1 663
030712  19:07 H180 1.28 PALE 18:57 19:06 Ml14 NI16E79 75 19:08:49 1.5 L5 580

Note: Ty, fi1, and Hy mean start time, start frequency, and start height of the type II burst, respectively. “?”” mark denotes ambiguous type II events
in identification of the fundamental (F) and harmonic (H) emission bands. Ts and Tp indicate start and peak times of the flare. T, Hy,, and Hex
mean first appearance time of the CME, first appearance height of the CME nose, and the nose height measured at type II start time, respectively.

Ve means CME speed during type II emissions.

from 1996 to 2003. It is found that 70 type II bursts occurred
during the MK3/4 observations and 35 CME:s are identified to
have temporal association with the type II bursts. We cannot ex-
clude a possibility that the other half of the events might be re-
lated to flare-produced shocks or very faint CMEs which were
not detected by the MLSO coronameters. To determine the more
definite association between these CMEs and the type II events,
we carefully examined all the 35 MK3/4 CME movies as well as
pre-event subtracted difference images. As a result, we selected
19 type II associated CMEs whose expanding structure is suffi-
ciently clear to obtain their height-time data. For these CMEs,
we then directly determined their fronts (or leading edges) by
visual inspection of the pre-event subtracted images.

Table 1 summarizes the details of the 19 type II associ-
ated CMEs together with the information of their related GOES
soft X-ray (1-8 A) flares. The first 5 columns give various in-
formation of type II events such as type II start time, starting
frequency, type II starting height, and their observing stations.
Type II starting height is estimated from type II starting fre-
quency by using the Newkirk coronal density model (Newkirk
1961). The next 4 columns represent the associated X-ray flare
data such as start/peak time and strength/location. Position an-
gle, first appearance time and height of the CME in the field of
view of MK3/4, nose height of the CME at the starting time of
type II burst, and the mean CME speed during type II burst emis-
sion are given in the last 5 columns. The selected 19 events are
found to be mostly limb CMEs whose solar surface longitudinal
positions are greater than 50°. Here, the solar surface locations
of the CMEs are assumed to be the same as those of the associ-
ated solar flares. The first appearance height of the CME fronts
(noses) ranges from 1.1 to 2.1 Ry, and their heights at the type 11
burst starting time are estimated to range from 1.3 to 2.7 R,,.

3. Results
3.1. Onset time comparison between type Ils and CMEs

A comparison of the onset time difference among CMEs, flares,
and type IIs is a simple way to give us some hints on which
one is a driver of the other, or vice versa. There have been sev-
eral attempts to examine the association between type II burst
and CME based on the onset time difference (e.g., Robinson &
Stewart 1985; Lara et al. 2003; Classen & Aurass 2002; Cho
et al. 2003; Shanmugaraju et al. 2003a). The onset time of a
CME was often extrapolated from LASCO height time data by
assuming that the initial height of the CME is around 1.1 R and
that it propagates with a constant speed.

Figure 1 shows the onset time difference between the first
appearance of CME in MK3/4 field of view and the type II start.
All the type IIs except two events (980830 and 990120) in our
sample occurred near the CME appearance time. The time dif-
ference mostly lies between —20 and 10 min, and their mean
time difference is about —10 min. We note that such a small time
difference is significantly contrasted with previous results (e.g.,
Classen & Aurass 2002; Cho et al. 2003) that showed quite scat-
tered distributions with positive and negative time difference us-
ing the extrapolation method. These intimate onset associations
between the type II bursts and CMEs without any extrapolation
may indicate the close association between type II bursts and
CMEs as suggested by Cliver et al. (1999).

3.2. Height comparison between CME front and type Il
emission

It is well known that the drifting stripes of metric type II emis-
sion are the signature of coronal shock waves. The radio emis-
sion frequencies can be converted into emission heights of the
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Fig. 1. Histogram of the time difference between CME first appearance
in MK3/4 field of view and type II burst start using 10 min bins. AT ¢y
is equal to CME first appearance time minus type II start time.
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Fig. 2. Distribution of the height difference between CME front and
type II burst emission at the starting time of type II burst.

shock by adopting a coronal density model. If a type II burst is
generated by the shock ahead of a CME nose, we can simply as-
sume that the CME front would be the source location of type II
burst where the radio emission is generated. Thus, we compared
the heights of type II shocks estimated from the frequency drift
of type Il emission with the heights of CME fronts measured by
the white-light MLSO MK images.

Figure 2 shows the distribution of height difference between
CME front and type II formation at type II starting time. For
estimation of the type II formation height, we considered one-
fold Newkirk coronal density model (Newkirk et al. 1961) and
the density measurement from MLSO polarization data (e.g.,
Cho et al. 2007a). When we compare the heights from the den-
sity model to those estimated by using the density measurement
along the position angle of the CME nose given in Table 1, we
found that the type II heights estimated by using the one-fold
Newkirk model are not very different from those derived by den-
sity measurements. Their mean and maximum differences are
about 0.02 Ry and 0.18 R, respectively, over all 19 events. Thus
we used the density model and estimated the formation height as
shown in the 4th column of Table 1. The distribution of height
difference in the Fig. 2 shows that there are double peaks at the
CME front (first group) as well as at about 1 solar radius behind
the front (second group). The first group of type II bursts is con-
sistent with our assumption that the type II burst is generated at
the CME front. We think of two kinds of possibilities about the
second group; the first is that the height difference is due to local
density enhancement at the type II formation region; the second
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Fig. 3. Height-time plots of CME front (open circle) and type II burst
for the CME front associated event (fop panel) and for the CME flank-
associated event (lower panel). Solid curve represents GOES soft X-ray
flux. Solid vertical bar represents the emission height estimated from
start frequency of type Il burst by using one (bottom of the bar) to
four (top of the bar) fold Newkirk density model. Plus symbol denotes
the burst height estimated by using MLSO density measurement. The
slanted solid lines represent linear fitted heights of CMEs during type II
bursts. The filled circle in lower panel denotes the CME flank height
interacting with helmet streamer at the type I start time.

possibility is that the type II burst is generated at the CME flank
rather than the CME front.

Figure 3 presents the height-time plots of the CME fronts
(representative of two groups) that were estimated from mea-
surement of MK4 CME images together with the plot of
the type II formation heights based on the Newkirk density
model (vertical bar) and density measurement (plus symbol).
For type II height from density measurement, we adopted the
MLSO density distributions along the selected position angles as
denoted by black arrows in Fig. 4. A detailed description of the
density measurement from MLSO coronal polarization bright-
ness data can be found in Cho et al. (2007a). For the event on
2002 June 2 (one of the first group) as seen in the upper panel
of Fig. 3, the type II burst started just after the first appearance
of the CME in the MK4 field of view. In this case, the type II
burst was also observed during the impulsive phase of the X-
ray flare, and its duration is coincident with that of the impul-
sive phase. Note that the starting height (1.27 Ry) of the coronal
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21:20 21:30 21:40 21:50 22:00
Start Time (26-0ct-99 21:10:00)

Fig. 4. MK4 image of the CME on 2002 June 2 without a CME-helmet
streamer interaction (upper panel) and an enhanced MK4 image of the
CME on 1999 October 26 with the helmet interaction (lower panel).
The black arrow in the lower panel denotes a place where the interac-
tion between the CME and the streamer exists. Inset image in the lower
panel shows the deflection of the streamer by the expanding CME.
Slanted (blue) arrows represent the CME propagation and the horizontal
(red) arrows indicate the streamer locations before and after the deflec-
tion. The interaction time is marked by the vertical yellow arrow.

shock estimated by using the one-fold Newkirk density model
is well consistent with the height from MLSO density measure-
ment (plus symbol) as well as the CME nose height (open circle)
near the type II starting time. In the figure, the vertical error bar
represents the density variation from the one-fold to the four-
fold Newkirk density models. The mean speed of the CME dur-
ing the type II burst is estimated to be 700 kms~!. For the 1999
October 26 event (one of the second group) as shown in the lower
panel of Fig. 3, the CME front height (open circle) is largely
different from the type II shock height estimated by using the
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Newkirk model as well as the the height derived by adopting
the density measurement (plus symbol) along the CME flank as
noted by a black arrow in the lower panel of Fig. 4. However, we
note that the type II emission heights are well consistent with
the height (filled circle) of CME flank interacting with a helmet
streamer, which will be explained in the following section. In
this case, type II burst started 15 min after the first CME appear-
ance time and 5 min after the peak time of the X-ray flare. Mean
speed of the CME is about 493 kms~!.

One may think of several error sources in shock forma-
tion height determination; the determination of the frequency
drift rate of type II burst has some errors due to both com-
plex structures of type II emission in the dynamic spectrum and
an ambiguity in selection of the frequency drifting edge of the
type II bursts. Note that we made one measurement of the low-
frequency edge at the type II starting time. The most signifi-
cant source of error in the estimation of type II formation height
may be local density enhancement. However, the CME height
is much deviated from the error bar characterized by the den-
sity enhancement from the one-fold to the four-fold Newkirk
density model as well as the height from the density measure-
ment. To compensate for such height difference, as shown in
the lower panel of Fig. 3, we need the 15-fold Newkirk model,
which seems to be too large to be explained by some local den-
sity enhancement. As noted before, since the type II heights esti-
mated by using the one-fold Newkirk model is not very different
from those derived from density measurements in terms of the
type II shock and CME’s kinematics’ comparison, we have used
the one-fold Newkirk model.

Figure 4 shows the two CMEs images presented in Fig. 3:
the pre-event subtracted MK4 difference image of 2002 June 2
(upper panel) and the MK4 image of 1999 October 26 (lower
panel). These images were taken near the starting time of the
type II bursts.

The first CME started to appear at 20:38 UT in the MK4
field of view with the location of the CME front at 1.2 R. Its
position angle is about 135°. Its associated type II started at
20:40 UT and ended at 20:45 UT. The CME front was located
at 1.5 Ry at 20:41 UT. As shown in the upper panel of Fig. 3,
the CME front height is almost similar to the type II formation
height. Thus we think that this type II burst was generated by
the CME front, which might be thought of as a laboratory shock
tube’s piston-driven shock (Dryer 1981) that is formed ahead of
an appropriately-fast (i.e., greater than the local fast mode char-
acteristic speed) CME front.

For the second event, the CME was first observed at
21:15 UT, and its front was located at 1.2 R, in the MK 4 field
of view. Its associated type II emission started at 21:30 UT. As
noted in the lower panel of Fig. 3, there was a significant height
difference between the CME front (2.1 Ry) and the type II for-
mation (1.3 Ry). We note that there was an interaction between
the CME flank and a helmet streamer (denoted by a black arrow
in Fig. 4) at a height of 1.5 Ry. We found that the CME-streamer
interaction is related to a deflection of the streamer as shown
in the inset image of Fig. 4, which is the time series image of
MLSO brightness data at a given height (1.7 Ry). As denoted by
red horizontal arrows in the inset image, the position angle of the
streamer moves about 1 degree to southward direction just after
the sweeping of the CME toward the south-west direction as in-
dicated by a blue slanted arrow. Interestingly, the type II radio
emission started just at the deflection time of 21:30 UT (vertical
yellow arrow). In addition, this interaction height is comparable
with that (1.3 Ry) from the estimation of the type II burst (see
lower panel of Fig. 3). More detailed morphological features of
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the CME - streamer interaction can be found by watching the
corresponding movies available through the MLSO’s website’.
Such temporal and spatial coincidences suggest a possibility that
this type II was generated at the interacting region between the
CME flank and the helmet streamer.

3.3. Type Il burst and CME-streamer interaction

It may be meaningful to investigate CME-streamer interactions
for other events in terms of their times and heights to look for a
possibility that the type II can be generated by the interaction be-
tween CMEs and helmet streamers as suggested by Reiner et al.
(2003) and reported by van der Holst et al. (2002) and Vourlidas
et al. (2003). For this, we took a look at the MLSO CME images
and identified that about half of the expanding CMEs (9/19), in-
cluding the 1999 October 26 event, sweep the helmet stream-
ers aside at the type II starting times. Figure 5 shows the other
eight CME events (except the 1999 October 26 event) imping-
ing on nearby streamers. Left image of each panel is enhanced
MK4 image and right image is pre-event subtracted image. Faint
CME:s are identified from the right images and their sweeping
across the streamer can be seen by the left image. As indicated
by black arrows on the left image, the CME-streamer interaction
heights range from 1.28 to 1.62 Ry, which are significantly dif-
ferent from those of the CME front (see 13th column of Table 1).
To examine streamer deformation after sweeping of the CME,
we investigated the time brightness image at a given height as
shown in Fig. 6. From Figs. 5 and 6, we can identify that the
streamer deformation is definite for the six events and the other
two events (1999 August 20 and 2002 November 12) are not so
clear to identify the deformation because of the scattered light
in MLSO images. For this reason, we cannot exclude a possi-
bility of the overlapping due to projection effect of the CME
for these two events. However, we can see a possibility of the
CME-streamer interaction from the MLSO movie®. In Fig. 6,
there is one event (2001 September 12) that the identification of
the streamer position after CME transit is not so easy that we de-
termine the middle position of the reflected streamer. In Table 2,
we summarized the CME-streamer interaction with more details
such as the interaction time, the interaction height, height differ-
ence between the CME nose and the type II formation at the in-
teraction time, and the difference between the interaction height
and type II formation height.

Figure 7 shows the distribution of time difference between
the CME-streamer interaction and type II starting for these
9 events. As shown in the figure, the starting times of all the
type II bursts are well coincident with the interaction time; that
is, all the events occurred at the nearly same time within the time
range of =10 min. Their mean absolute time difference is about
2 min.

We want to remind the reader that there are double peaks
in the height difference between the CME front and the type II
formation in Fig. 2. To examine if these double peaks are re-
lated to the CME-streamer interaction, we present in Fig. 8 the
height difference for two different groups: 10 events without the
interaction (upper panel) and 9 events with the CME-streamer
interaction (lower panel). For the first group of events (10/19)
without the CME-streamer interaction, the CME front heights at
the starting time of type II are comparable to the type II forma-
tion heights, as shown in the upper panel of Fig. 8. The mean
height difference between the CME front and type II shock is
about 0.13 Ry and its root mean square error (rms) is about

3 http://mlso.hao.ucar.edu/cgi-bin/mlso_acoshome.cgi
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19:11:26

21:35:34 UT - 21:17:55 UT

20:01:41 UT - 19:34:00 UT

Fig.5. Enhanced MK4 images and their pre-event subtracted image
of the CME-streamer interaction events. The interaction heights deter-
mined by eye inspection of the MK4 movies, enhanced MK4 images,
and pre-event subtracted images are marked with the black arrows.

0.13 Re. For the second group of events, their mean height
difference between the CME front and type II’s formation, as
denoted by dotted bars, is about 0.71 R, and its standard de-
viation is about 0.44 R,. Except for two events, their height
differences are in the range of 0.5 Ry to 1.5 Ry. Such large
height differences cannot easily be explained by coronal den-
sity enhancement, as already noted in the previous section. For
two exceptional events whose height differences are relatively
small (0.2 R for 2001 September 12 event and —0.1 R, for 2002
October 13 event), we note that the heights of CME-streamer in-
teraction are nearly similar to the heights of type II formation
as well as the CME front. On the other hand, solid bars in the
lower panel show the distribution of height difference between
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Fig. 6. Time series MLSO brightness data at a given height between 1.4
and 1.8 R, at which the CME-streamer interaction is well shown.
Slanted (blue) arrow indicates the CME propagation and the hori-
zontal (red) arrows denote the streamer location before and after the
CME-streamer interaction. The vertical yellow arrows mark the inter-
action times.

the CME-streamer interaction and the type II formation for the
9 events. We found that the estimated type II formation heights
agree very well with those of the interaction within +0.25 R, and
their absolute mean difference is about 0.1 R. The differences
between the CME-streamer interaction region and the type II for-
mation are estimated to be about 0.01 R, for 2001 September 12
event and about 0.03 R for 2002 October 13 event. Both fig-
ures (Fig. 7 and lower panel of Fig. 8) evidently demonstrate
that there are very intimate spatial and temporal coincidences
between the type II emission and the CME-streamer interaction,
strongly supporting the suggestion that the CME-streamer inter-
action is a potential candidate of type II origin.

For the CMEs whose solar surface locations are closer to 50°,
we may expect a projection effects in the height measurement.
We thus investigated the longitudinal dependency of the height
difference between the CME (nose and flank) and type II burst,
and the results are shown in Fig. 9. There may be a weak trend
of increasing height difference toward the 50° longitude but it is
not significant.

To get an insight into the physical difference between the
groups, we examined the CME speed and height at type II start-
ing time for these two groups in Fig. 10. The triangle symbol
indicates the CME of the first group without the streamer inter-
action, and the filled circle denotes the CME interacting with
the streamer. Dotted and solid curves represent the local Alfvén
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Fig.7. Histogram of the difference between the CME-streamer interac-
tion time and the type II burst starting time using 10 min bins. ATy is
equal to CME-streamer interaction time minus type II start time.

speed profiles derived from the active region magnetic field
model (Gopalswamy et al. 2001) and quite Sun magnetic field
model following Mann et al. (1999), respectively. We adopted
here the one-fold Newkirk density model. In general, it is noted
that the CMEs in the first group is faster than those of the second
group. Their mean speeds are (~753 kms™') and (~527 kms™),
respectively. If we take the active region model (dotted curve)
as a guide line, the CME:s in the first group are faster than the
Alfvén speed, therefore the CMEs could form type II shocks
at their noses. On the other hand, CMEs in the second group
are on the border line of this Alfvén speed. Supposing that the
background density at the streamer is higher and, therefore, that
the actual local Alfvén speed is lower than the dashed line,
these CMEs could also form shocks at the location of streamer
interface. Thus, we speculate that the low Alfvénic region could
be a possible-additional reason for having two groups.

4. Summary and discussion

There has been the controversy about CME-type II relation-
ship for several decades. Recently, their relationship has been
re-inspected by using the extrapolation of CME kinematics in
the low corona from SOHO/LASCO C2 and C3 observations.
In this study, we have examined the CME — type II burst re-
lationship using the low coronal CME observations covering
the metric type II radio emission height without any extrap-
olation of CME kinematics. For this, we have selected the
19 type II-CME pairs simultaneously observed by radio spectro-
graphs and MLSO MK coronameters with low coronal field cov-
erage (1.1-2.9 solar radii) and high time cadence of 3 min. We
then examined the relationship between CMEs (front and CME-
streamer interaction) and type IIs in terms of spatial and tempo-
ral closeness. Our main results can be summarized as follows.

(1) Most type II bursts start simultaneously or after the CME
first appearance in the MK field of view. All the events,
except for one event, occur within 30 min, mostly within
10 min, and their mean difference is about 10 min.

(2) The distribution of height difference between CME front and
type II formation shows that there are double peaks, one at
the CME front and the other at about 1 solar radius behind
the front. This result was illustrated by the examination of
the height-time plot of CME front, type II formation height,
and MK4 CME images for two events (2002 June 2 and
1999 October 26) in Figs. 3 and 4. While the front of the first
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Table 2. Details of the CME-streamer interaction and the height difference between CME and type II formation. UC means uncertain.

Streamer interaction

Date CME Sweeping  Streamer deflection PA T H,; Hen — Hy  Hy— Hp
Yes/No Yes/No (Deg) (U (Ro) (Ro) Ro)
960505 No No - - - -0.10 -
980830 No No - - - 0.18 -
990120 Yes Yes 70 19:13:27 140 114 -0.06
990617 Yes Yes 260 17:36:10  1.47 0.53 0.1
990628 No No - - - 0.21 -
990820 Yes ucC 75 18:43:23  1.62 0.80 0.12
991026 Yes Yes 233 21:32:45  1.50 0.76 0.16
000205 No No - - - -0.04 -
000304 No No - - - 0.17 -
000628 Yes Yes 245 19:02:06  1.50 1.35 0.15
010730 No No - - - 0.32 -
010820 No No - - - 0.12 -
010912 Yes Yes 255 21:36:31  1.61 0.20 0.01
011122 No No - - - 0.00 -
011228 Yes Yes 85 20:03:54 1.43 0.92 0.15
020602 No No - - - 0.22 -
021013 Yes Yes 265 17:55:14  1.35 0.18 0.03
021112 Yes ucC 255 19:03:51  1.28 0.80 -0.02
030712 No No - - - 0.20 -
8 ' ' ' ' ' ] type II emission height, which cannot be explained by local
» - 1 density enhancements.
GC) 6L i (3) From the investigation of MK3/4 images of 19 type II as-
> - E sociated CMEs, we identified that about half of the events
L'E I ] (9/19) have the CME-streamer interaction. It is found that
O gt - seven events show the streamer deflection after impingement
o) i 1 of the CME. We note that their type II formation heights are
Q - very similar to the interaction height between the CME flank
% 2 N ] and the high density streamers, and the emission times are
zZ L il nearly coincident with the interaction times. Thus, these
ol . . _I . . ] events seem to be good examples of type II events gener-
ated by the interaction between the CME flank and the high
-1.0  -0.5 0.0 0.5 1.0 1.5 2.0 density streamer.
HCF,Om - HTypeII(RS) (4) It turned out that the CMEs without interaction
10 i i i T T ] (~753 kms™') are faster than the streamer interacting
i ] CMEs (~527 kms™!) as well as the local Alfvén speed
@ 8 ] (~400 kms™"). On the other hand, the CMEs interacting
s i . with the streamer are located on the border line of the
o 6r . Alfvén speed. Supposing that actual local Alfvén speed at
5 I ] the streamer could be lower because of higher density of
5 4 I ] the streamer, these CMEs could also form shocks at the
o i ] streamer interface’s location. This is well consistent with
g oL ] recent theoretical investigation of the type II burst onset by
b S PR R S-S 1 Lin et al. (2006) who demonstrate that the onset of type 11
ot . i . . . bursts depends on the local Alfvén speed (e.g. see their
1.0 -05 05 10 15 20 Fig. 3).
Hewe - HTypell(RS) The above results strongly support the suggestion that there are

Fig. 8. Histograms of the height difference between the CME front and
type 11 formation for the events without the CME-streamer interaction
(upper panel) and with the CME-streamer interaction (dotted bars in
lower panel). Solid bars in lower panel denote the difference between
the height of CME-streamer interaction and the height of type II burst
emission.

CME is well consistent with the type II emission height, the
front of the second CME is significantly different from the

two kinds of type II generation by CMEs. Thus we speculate
that the local density and Alfvén speed could be the reason for
having two groups: the first kind of type II is generated ahead of
the CME front and the second is generated at the CME flank. In
the case of the first type of events, we found very close time and
height association between the CME front and the type II burst,
supporting the coronal shock generation near the CME front.
These results are consistent with those of Maia et al. (2000) who
showed a correspondence in temporal and spatial association be-
tween the radio type II weak sources obtained with the Nancay
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Fig.9. Longitudinal dependency of the height difference between the
CME (nose and flank) and type II burst for CME nose associated events
(triangle) and the CME-streamer interacting events (filled circle).
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Fig. 10. CME speed vs. CME nose (triangle) and streamer interacting
flank (filled circle) heights. Curves denote the Alfvén speed derived
from the quiet solar magnetic field model (solid) and active region mag-
netic field model (dotted) using the one-fold Newkirk density model.

radioheliograph and the front of CMEs seen by LASCO C1. For
the second type of the events, our analysis showed that there
is a temporal and spatial closeness between CME-streamer in-
teraction and type II burst. These facts are consistent with the
arguments of Reiner et al. (2003) and Cho et al. (2007a) that the
type II radio emissions associated with CME events must have
originated in high-density structure in the corona. Interestingly,
our results are also consistent with the argument of Mancuso
& Raymond (2004) who insisted that type II shocks could be
bow/piston driven by the top or the flanks of CMEs, if appropri-
ate geometrical considerations were taken into account.

A cartoon in Fig. 11 represents a summary of our results
on the two possible scenarios for generation of type II bursts
related with CMEs. One view concerns type II generation at
(or near) the CME front, when a fast CME passes through the
corona. In this case, the type II burst emission height is com-
parable to the CME front height, as shown in the upper panel
of Fig. 8. This scenario is also consistent with the theoretical

881
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Streamer
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Type Il
Sources
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Fig.11. A cartoon showing two main origins of type II emissions by
CMEs.

2D MHD simulations of Dryer et al. (1979), Dryer & Maxwell
(1979), and many others since that time. However, the physi-
cal details of the initialization process (pressure pulse, thermal
heating, flux emergence, reconnection, field line motion, etc.) is
still unclear. The other scenario is that the type II burst starts
to appear at the flanks of the CMEs when the flanks interact
with a high density streamer (low Alfvénic region) even though
the CME is not so fast. Type II emission heights are relatively
lower than the CME fronts but comparable to the CME-streamer
interaction height. It means that coronal density enhancement
regions such as helmet streamers give a good environment to
generate type II radio bursts. Our low coronal observations of
type II associated CMEs suggest that the CME front and/or the
CME-streamer interaction are two main mechanisms to generate
type II radio bursts.
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