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Abstract We have analyzed radio type IV bursts in the interplanetary (IP) space at
decameter—hectometer (DH) wavelengths to determine their source origin and a reason for
the observed directivity. We used radio dynamic spectra from the instruments on three differ-
ent spacecraft, STEREO-A, Wind, and STEREO-B, which were located approximately 90
degrees apart from each other in 2011 -2012, and thus gave a 360 degree view of the Sun.
The radio data were compared to white-light and extreme ultraviolet (EUV) observations
of flares, EUV waves, and coronal mass ejections (CMEs) in five solar events. We find that
the reason that compact and intense DH type IV burst emission is observed from only one
spacecraft at a time is the absorption of emission in one direction and that the emission is
blocked by the solar disk and dense corona in the other direction. The geometry also makes
it possible to observe metric type IV bursts in the low corona from a direction where the
higher-located DH type IV emission is not detectable. In the absorbed direction we found
streamers, and they were estimated to be the locations of type II bursts, caused by shocks at
the CME flanks. The high-density plasma was therefore most probably formed by shock—
streamer interaction. In some cases, the type II-emitting region was also capable of stopping
later-accelerated electron beams, which were visible as type III bursts that ended near the
type II burst lanes.
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1. Introduction

Coronal mass ejections (CMEs) are large-scale phenomena of plasma and magnetic field
eruption from the Sun into the interplanetary (IP) medium. Solar events such as flares and
CMEs accelerate particles with different mechanisms, and cause them to propagate from the
solar corona into the IP space. For reviews see, e.g., Pick and Vilmer (2008) and Nindos
et al. (2008). The particle paths and their directions and locations can be studied using radio
bursts at a wide wavelength range, from metric to kilometric wavelengths.

Solar radio bursts in the plasma regime (below ~ 1 GHz) are generally classified into
different types based on their appearance in the dynamic spectrum and their emission mech-
anism. The most common types are radio type Il and type III bursts. Type II bursts are
thought to be due to propagating shock fronts that accelerate electrons, and type III bursts
are caused by propagating electron beams. Both types of emission are produced when supra-
thermal electrons interact with the surrounding plasma. This creates radio emission at the
local plasma frequency f, and/or its harmonics. The particles in type III bursts are typically
flare-accelerated electrons traveling along coronal magnetic field lines (Krupar et al., 2018),
while type II bursts have been associated with CME-induced shock waves (Cane, 1984;
Leblanc et al., 2001) .

The more rare radio type IV bursts have been closely associated with expanding and/or
rising magnetized plasma structures. The emission mechanism can therefore be both syn-
chrotron emission by trapped high-energy electrons gyrating in the magnetic field and
plasma emission as the magnetic cloud lifts off from the Sun. Typically, metric type IV
bursts are divided into two categories, stationary and moving. The characteristics of station-
ary type IV bursts have been defined by Kundu (1965): they are located near a flare, are
strongly circularly polarized, smooth and broad band, and are located low in the corona near
the corresponding plasma level. The stationary type IV bursts show no systematic move-
ment, and the bursts may also occur without any associated type Il emission. It has been
suggested that the source of emission is particles accelerated in a flare that are trapped
in post-flare loops and arcades. Moving type IV bursts, on the other hand, show definite
frequency drifts toward the lower frequencies, and they are mostly thought to represent
particles that are trapped in rising CME structures. Kundu (1965) also stated that type IV
bursts show directivity in their emission. Some type IV bursts extend in the dynamic spec-
tra to decameter—hectometer (DH) wavelengths, and they can be recorded by space-borne
instruments at frequencies below =20 MHz (Earth ionosphere limit). The characteristics of
IP moving type IV bursts have recently been listed and studied by Hillaris, Bouratzis, and
Nindos (2016), and their catalog contains bursts recorded in 1998 —2012 by the radio exper-
iment on board the Wind satellite. Directivity in IP type IV burst emission was later noted
by Gopalswamy et al. (2016).

Closely associated with high-speed CMEs are EUV-waves, observed in the extreme ultra-
violet (EUV) wavelength range in the low corona. These bright features and the dimming
behind them typically start from the flare location and propagate globally over the solar
disk. However, no strong correlation was found between the global EUV disturbance speeds
and flare intensities, or CME magnitudes (Nitta et al., 2013). Recently, Kwon and Vourlidas
(2017) found that halo-CME widths are in agreement with the widths of EUV waves in the
low corona, suggesting a common origin for these structures. In some cases, the heights of
EUYV waves have been found to be compatible with the heights of radio type II burst sources
(Cunha-Silva, Fernandes, and Selhorst, 2015). Since radio type IV bursts can be observed
over a wide frequency range, the result of the studies made over the past decades has been to
define type IV bursts as any broad-band, long-duration, continuum-like emission occurring
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after a flare. Moreover, imaging has only been available for decimetric—metric bursts that
occur in the low corona, but not for DH type IV bursts in the IP space.

In 2007, two more spacecraft with a radio spectrograph were launched to orbit the Sun,
STEREO A and B, which together with the instrument onboard Wind, made a 3D view of
the Sun possible, if not real imaging. In this study we use the radio data from these three
spacecraft, and we try to determine where IP type IV bursts are located, whether there is
directivity in their emission, and if they are a continuation of metric type I'V burst emission.

2. Data Analysis

The time period to find DH type IV bursts was set to 2011 —2012 in order to have a full 3D
view of the Sun, as then the spacecraft were orbiting the Sun with an & 90° angular separa-
tion, and the far side of the Sun could be imaged in EUV and white-light with the instruments
on board STEREO A and B, see Figure 1. The Earth-side imaging was provided by the So-
lar Dynamic Observatory (SDO) and the Solar and Heliospheric Observatory (SOHO), and
magnetograms by the Helioseismic and Magnetic Imager (HMI) onboard SDO.

The DH type IV bursts were selected from the catalog of solar type II and type IV bursts
detected by the WAVES instruments on Wind (Bougeret et al., 1995) and STEREO A and B
(Bougeret et al., 2008). The catalog has been prepared by Michael L. Kaiser. Altogether,
11 DH type IV events were found from this time period, but only 5 of them were found
to show a compact, intense, and long-duration DH type IV burst, with radio and imaging
observations from all the three viewing angles. These 5 events and their sources are listed in
Tables 1 and 2. Figure 1 shows the spacecraft positions relative to the Sun on the first and
last event date.

The highest observing frequencies for Wind/WAVES and STEREO/WAVES are 14 MHz
and 16 MHz, respectively. In the case of plasma emission, these frequencies correspond to
densities of 2.4 x 10° cm™ and 3.2 x 10° cm™ (plasma emission frequency f, ~ 9000,/nc,
where f,, is in Hz and n in cm™).

Three of the DH type IV bursts were preceded by metric type IV bursts that were ob-
served with ground-based instruments from Earth. The other two DH type IVs had their
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Figure 1 Locations of the STEREO A (red circle) and B (blue circle) spacecraft relative to the Earth (green
circle) on 4 June 2011 (left) and 5 March 2012 (right). These are the first and last event dates in our sample.
The plots show the increasing orbital distance with respect to Earth and the Wind satellite located near L1.
During this time period, the Sun could be viewed in 3D (https://stereo-ssc.nascom.nasa.gov).
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Table 1 DH type IV bursts observed from three different viewing angles.

Date Type IV appearance1 STEREO-B Type IV Wind STEREO-A
yyyy-mm-dd UuT (source loc.) (source loc.) (source loc.)
2011-06-04 07:12-09:00 - - strong (W50)
2011-06-04 22:15-23:30% - - strong (W70)
2011-09-22 11:10-12:40 strong (W10) - -
2012-01-27 18:30-20:10 — (N-limb) - strong (E50)
2012-03-05 04:15-06:00 faint (W80) strong (E50) -

ITime of IP type IV start and end at 16— 14 MHz (instrument limit).

2First part, a second more narrow-band enhancement follows at 23:45—-01:20 UT.

Table 2 Flares and metric type IV bursts prior to the DH type IV bursts.

Date Flare start Flare maximum GOES class Flare location Metric

yyyy-mm-dd uT uT (Earth view) type IV

2011-06-04 06:20 N20W 140 not available
2011-06-04 21:45 N20W150 not available
2011-09-22 10:29 11:01 X1.4 NI13E78 10:40-13:40
2012-01-27 17:37 18:37 X1.7 N27W71 18:15-18:35
2012-03-05 02:30 04:09 X1.1 NI17E52 04:20-05:20

Table 3 EUV waves associated with the DH type IV events.

Date EUV wave! STEREO-B/EUVI EUV wave (radio) STEREO-A/EUVI
yyyy-mm-dd kms™! (WAVES) SDO/AIA (WAVES)
(Wind/WAVES)
2011-06-04 —(no 1IV) —(no IV) global (strong IV)
2011-06-04 at limb (no 1V) — (no 1V) global (strong IV)
2011-09-22 595 global (strong IV) at limb (no IV) —(no1V)
2012-01-27 635 N-quarter (no IV) W-quarter (no IV) global (strong IV)
2012-03-05 915 half-disk (faint IV) global (strong IV) —(no IV)

ILarge-scale coronal propagating fronts observed by SDO/AIA (Nitta et al., 2013); note that the velocity
value comes from Earth-view observations only.

origins on the far side of the Sun, and therefore the radio emission at lower atmospheric
heights could not be observed (Table 2). Two of the five flares originated from the backside
of the Sun, with no X-ray observations, and therefore their GOES X-ray flare class is not
known. The other three were GOES X-class flares.

All the type IV events were associated with EUV waves, and they are listed in Table 3. All
the observed strong, long-duration type IV bursts were associated with global EUV waves
that were observed to cross the solar disk in this viewing angle. The EUV waves that were
visible only near the limb, or which covered only a small portion of the solar disk, had either
no corresponding type IV emission or the type IV was faint in intensity and ended earlier.

The associated CMEs and type II shocks are listed in Table 4. All the CMEs had very
high speed, in the range of 1600—2900 kms~! near the time of type IV burst appearance
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Table 4 CME:s and type II bursts associated with the DH type IV events.

Date CME CME Type IV Type IV Type I Type I CME
yyyy-mm-dd height! speed? lowest lowest freq.? height* height’
Ro kms~! uT MHz MHz Ro Ro
2011-06-04 6.6 1700 08:00 6 1.6 8.0 12.8
2011-06-04 6.3 2900 23:05 6 0.8 11.7 17.8
2011-09-22 8.4 2200 12:15 8 0.7 12.6 18.5
2012-01-27 3.8 2000 19:30 9 1.4 8.3 16.1
2012-03-05 6.6 1600 05:15 7 1.0 10.4 14.8

1CME height at the time of the type IV appearance, interpolated or extrapolated when not observed at that
time. The type IV appearance at 16— 14 MHz (instrument limit) corresponds to a height of 2—3 R, depend-
ing on the atmospheric density model.

2CME speed from a second-order fit to the observed plan-of-sky heights near the time of type IV burst
appearance.

3Type II burst frequency at the time of lowest type IV frequency.
4Type II burst height from the density model of Vr$nak, Magdalenic, and Zlobec (2004).

SCME height at the time of the lowest type IV frequency, interpolated or extrapolated when not observed at
that time.

(second-order fit to the observed plane-of-sky heights, from the LASCO CME catalog). The
CME on 27 January 2012 accelerated while all the other CMEs decelerated.

The lowest type IV frequencies mark the time when the particle supply ends and/or the
trapping loops start to shrink. The lowest observed type IV frequencies were 9—6 MHz,
which correspond to heliocentric heights of 3.4—4.1 Ry when calculated using the atmo-
spheric density model of Vr§nak, Magdaleni¢, and Zlobec (2004). The type II bursts were at
that time already at much lower frequencies, at 1.6 —0.7 MHz, which correspond to heights
of 8.0-12.6 Ry. The height separation between the front of the type IV emission source
and the propagating type II shock was therefore in the range of 4—-9 Rg,.

When we compare the type II heights with the simultaneous CME leading front heights,
it is evident that the type II bursts were not due to CME bow shocks, but were shocks at the
CME flanks (height separation of about 4—8 Ry).

The magnetic field structure near the eruption location on each day is shown in Figure 2.
Figures 3 — 7 present the radio dynamic spectra and the corresponding coronagraph and EUV
difference images for the five events, with the three different views from the three spacecraft.

3. Results
3.1. First Event on 4 June 2011

The flare started approximately at 06:20 UT from the far side of the Sun, near N20W 140.
The halo CME was first observed by SOHO/LASCO at 06:48 UT at height 2.58 R, propa-
gating to north-west with a linear fit speed of 1407 kms~! (LASCO CME Catalog). An EUV
wave occurred on the backside, observed by STEREO-A/EUVI, and it originated from the
active region located at ~ W50 in this field of view. The first brightening phase of the EUV
wave started at 06:30 UT, after which a dimming phase was observed at 06:50 UT. The
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Figure 2 Potential field source surface (PFSS) maps made from the SDO/HMI magnetograms (Earth view)
from L1 provide an approximation of the magnetic field line structures in each event, on (a) 4 June 2011, (b)
22 September 2011, (¢) 27 January 2012, and (d) 5 March 2012. In the above maps, the purple and green
lines are open field lines indicating negative and positive polarity, respectively. The white lines are closed
field lines. Open field lines show locations where accelerated particles can escape from the active region, e.g.,
electron beams observed as type III bursts.

EUV wave crossed most part of the disk within the STEREO-A view, but the wave was not
observed on the disk in the other fields-of-view.

The DH type IV event became visible in the dynamic spectrum at 07:12 UT at 16 MHz,
and it was observed by STEREO-A but not by Wind or STEREO-B. At 08:00 UT it reached
the lowest frequency of about 6 MHz. As the flare site was at ~ W50 in STEREO-A view
we cannot know if a metric type IV burst existed, as radio emission originating from low
heights would have been blocked by the solar disk toward the Earth.

The type IV burst was atypical in the sense that it showed type III-like burst structures su-
perposed, and started from the wide-band emission (Figure 3, top right dynamic spectrum).
This indicates that several open field lines existed along which particles could stream and/or
escape from the trap, see the potential magnetic field lines plotted in Figure 2a.

A type II burst was observed by STEREO-A and Wind, but not by STEREO-B. As the
most probable location for the type II burst source is on the western flank of the CME (Earth
view, Figure 3 middle left difference image), it would have been behind the Sun in the
STEREO-B view and hence undetectable.
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Figure 3 Solar event on 4 June 2011: Flare location on the far side of the Sun, near N20W 140 (Earth view).

3.2. Second Event on 4 June 2011

The next type IV event occurred on the same day, 15 hours later, on 4 June 2011. The
flare originated from the same active region on the far side of the Sun, starting at 21:45 UT
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STEREO-A/WAVES: 2011/06/04 22:39

20:00 22:00

2
2000  22:00
STEREO-B/WAVES: 2011/06/04 22:39
Bl
o

COR1: 2011/06/04 22:10:25  EUVI : 22:10:55 20:00 22:00 00:00

Figure 4 Solar event on 4 June 2011: Flare location on the far side of the Sun, near N20W 150 (Earth view).

and located approximately at N20W150 (~ W60 in STEREO-A view). The magnetic field
structures may have been the same as in the earlier event on the same day (Figure 2a), but
as the active region had now rotated well behind the limb, we cannot be sure of the actual
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STEREO-A/WAVES: 2011/09/22 11:39
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WIND/WAVES: 2011/09/22 11:42
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COR1: 2011/09/22 11:00:54  EUVI : 11:01:24 10:00 12:00

Figure 5 Solar event on 22 September 2011: Flare location at N13E78 in AR 11302.

configuration. The halo CME was first observed by SOHO/LASCO at 22:05 UT, at height
4.35 Ry, with a linear fit speed of 2425 kms™!.

An EUV wave that was followed by a dimming originated from the flare location, and it
was well observed by STEREO-A. The wave was visible near the limb in the STEREO-B
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STEREO-A/WAVES: 2012/01/27 18:54

16:00 18:00 20:00 22:00
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COR1: 2012/01/27 19:05:48  EUVI : 19:06:18]  16:00 18:00 20:00  22:00

Figure 6 Solar event on 27 January 2012: Flare location at N27W71 in AR 11402. The red line in the
STEREO-B EUVI difference image indicates the maximum extent of the EUV wave on the visible disk.

view, but no wave signatures were observed from the Earth view (Figure 4, difference images
on the left).
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Figure 7 Solar event on 5 March 2012: Flare location at N17E52 in AR 11429. The red line in the
STEREO-B EUVI difference image indicates the maximum extent of the EUV wave on the visible disk.

The DH type IV burst was observed to start at 22:15 UT, observed only by STEREO-A,
and it reached the lowest frequency of 6 MHz at 23:05 UT. A very fast-drifting type II burst
was observed by STEREO-A, but this emission was not detected by the other instruments
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Figure 8 Radio dynamic
spectrum observed by
STEREO-B/WAVES on 22
September 2011 (bottom) and in
the Nangay Decameter Array
(NDA) spectrum at 70— 10 MHz
(top). The flaring region was
located at E80 in NDA view and
at W10 in STEREO-B view. The
metric type IV emission observed
by NDA was not detectable in the
Wind/WAVES data (same field of
view, frequencies below

14 MHz). The DH type IV burst
observed in the STEREO-B field
of view does not have a
one-to-one match in duration
with the metric type IV burst.
The type III bursts stop at the
type II burst emission lane
(indicated by the white dashed
line), suggesting that the electron
beams cannot pass the type II
shock front.

(Figure 4, top right spectrum). The type II burst source is again estimated to be located on
the western flank of the CME (Earth view), but this time in a more narrow region that is
blocked in view from the other radio instruments.

3.3. Event on 22 September 2011

A GOES X1.4 class flare was observed to start at 10:29 UT on 22 September 2011 in Active
Region NOAA 11302, located at N13E78. It reached maximum flux at 11:01 UT. A halo
CME was first observed by SOHO/LASCO at 10:48 UT, at height 2.98 Ry, and it had a
linear fit speed of 1905 kms~!. An EUV wave related to this event was mainly observed
by STEREO-B/EUVI on the disk (Figure 5, bottom left difference image), but it was also
observed to propagate toward the west in Earth view, with a speed of 595 kms~' (Nitta
etal.,2013).

The DH type IV burst was observed at 11:10 UT by STEREO-B/WAVES at 16 MHz, and
it reached the lowest frequency of 8§ MHz at 12:15 UT. The DH type IV burst was preceded
by a decimetric-metric type IV burst observed by Nangay Decametric Array (NDA) (Earth
view). These bursts do not seem to be directly associated, as the metric type IV emission
continued after the DH emission had ended, see Figure 8. The drift rates of the emission
envelopes do not look to match either. The metric type IV burst shows groups of type III
bursts with varying frequency drifts (both positive and negative), similar to those reported
by Melnik et al. (2018).

Near 12:00 UT, all the three space instruments recorded a type III burst in their dynamic
spectra. The type III burst (formed by a propagating electron beam) is observed to cross the
DH type IV burst in the STEREO-B spectrum. This, and also the later type III bursts, stop
near the type Il emission lane, suggesting that the electron beams cannot pass the type Il
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shock front (Figure 8). The location of the type II burst source is most probably on the
southeastern flank of the CME (Earth view, Figure 5 middle left difference image), making
it observable for STEREO-B and Wind. Figure 2b shows some of the open field lines along
which electrons could stream out from the active region, and they are mostly directed toward
STEREO-B.

3.4. Event on 27 January 2012

Active Region NOAA 11402 produced an X1.7 GOES class flare at location N27W71 that
started at 17:37 UT and peaked at 18:37 UT on 27 January 2012. The flare was associated
with a halo CME that was first observed by SOHO/LASCO at 18:27 UT at height 3.76 R,
and had a linear fit speed of 2508 kms~!. The event was associated with an EUV wave
that was observed globally on the disk by STEREO-A/EUVI, and partly on the disk by
STEREO-B/EUVI and SDO/AIA. The EUV wave speed from Earth view was determined
as 635 kms~! (Nitta et al., 2013).

The DH type IV burst was observed at 16 MHz at 18:30 UT by STEREO-A, but not by
the other instruments. The burst reached the lowest frequency of 9 MHz at 19:30 UT. The
DH type IV burst was preceded by a metric type IV burst at 18:15—18:35 UT, observed by
the Green Bank Solar Radio Burst Spectrometer (GBSRBS) down to 300 MHz and by the
Radio Solar Telescope Network (RSTN) at 180—25 MHz. Because of the short duration of
the metric type IV burst, it is not possible to determine if these two bursts were related.

A type II burst was recorded by all the three space spectrographs, although the type II
emission lane was more patchy and narrow in the STEREO-B spectrum (Figure 6). The
most probable location for the type II burst source is on the southwestern flank of the CME
(Earth view, Figure 6 middle left difference image), thus making it visible in all three fields
of view. No type III bursts were observed during the DH type IV burst emission, although
some open field lines existed, directed to the northwest (Figure 2c).

3.5. Event on 5 March 2012

An X1.1 GOES class flare started at 02:30 UT from the NOAA Active Region 11429
located at N17E52. At 03:12 UT, a filament eruption formed into a CME, first visible
in the SOHO/LASCO images at height 3.0 Ry. The linear fit speed of this CME was
594 kms~!. A fast halo CME appeared at 04:00 UT at height 4.2 Ry, with a linear fit
speed of 1531 kms™!, overshadowing the earlier CME. The launch of the second CME was
most probably related to the fast rise in X-ray flux, observed to start at 03:25 UT. An EUV
wave was observed globally on the disk from Earth view, and it was estimated to move in
the southwest direction at a speed of 915 kms~! (Nitta et al., 2013). The wave was also
partly observed by STEREO-B/EUVI (Figure 7, bottom left difference image).

The DH type IV burst was observed as a compact event by Wind/WAVES, starting at
04:15 UT and reaching the lowest frequency of 7 MHz at 05:15 UT. It was also observed as
shorter-duration (‘cut’) emission in the STEREO-B view (Figure 7, bottom right dynamic
spectrum). This sudden end of emission at all the type IV burst frequencies suggests that
the emission was blocked from being observed, rather than ending as an emission process.
No significant type III burst activity was observed during the type IV burst emission. Some
open field lines are visible in the PFSS maps, however, directed toward the northeast, see
Figure 2d.

At decimeter—meter waves, drifting continuum emission was observed at 03:30-05:15
UT (Figure 9, on top, spectrum from NICT/HiRAS). This could be a faint type IV burst or a
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Figure 9 Radio dynamic
spectrum observed by
Wind/WAVES on 5 March 2012
(bottom) and by HiRAS at
2000-20 MHz (top).

04:00

Figure 10 Schematic drawing
along the lines presented in
Kundu (1965) on where the

type IV burst source may be
located. Directivity could be
related to the extent of the
source, which is larger when
viewed top-on, in the direction of

propagation. Faint or no type IV emission Strong type IV emission
from this angle when observed top—on

noise storm. The HiRAS spectrum shows that the emission envelope has a drift toward the
lower frequencies, with a drift and timing that quite well match those of the DH type IV
burst.

The Wind and STEREO-B spectra also show intense type II burst emission. This event
has been analyzed by Magdaleni¢ et al. (2014), who used a radio triangulation technique to
locate the type II burst source positions. These were found to be close to the southeastern
flank of the CME (Earth view, Figure 7, middle left difference image), where streamers were
located as well. The appearance of the type II emission was hence suggested to be due to an
interaction of shock wave and streamer.

4. Discussion

The first ideas to explain why type IV bursts show directivity in their emission were reviewed
by Kundu (1965), see especially Fig. 11 —12 in the book and references therein. A schematic
drawing in Figure 10 presents the suggested configuration, based on observations of metric
type IV bursts as observations from space at low frequencies did not yet exist. A flare ex-
plosion ejects a column of gas, and the outward-moving gas carries a magnetic field with it.
A small fraction of particles accelerated to very high energies can be trapped in the frozen-in
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nl
/ Emission observed
No emission @ Density:
observed A i ) nl <n2<n3

nl

Emission from n2 absorbed
by higher density plasma

Figure 11 Schematic drawing for not detecting radio emission from a coronal source (n2) that is located
behind a region of higher density plasma (n3). Because of the plasma frequency, longer wavelengths pro-
duced by plasma emission and/or synchrotron emission in the n2-region will be stopped and absorbed in the
n3-region. In directions not blocked by the n3-region or the Sun itself, the emission can be observed in full.

magnetic fields and will emit continuum (type IV) emission in a wide frequency range. The
directivity of emission could then be associated with the large extent of the type IV source
in the direction of motion. Later on, a segment of the type IV burst source can separate
and move outward, but it will no longer emit synchrotron emission due to the insufficient
magnetic fields.

Gopalswamy et al. (2016) recently studied a DH type IV burst on 7 November 2013 that
was observed to be intense and complete only in STEREO-B observations, with STEREO-A
seeing a partial burst and Wind no burst at all. However, Melnik et al. (2018) reported later
that the type I'V burst was observed also at decameter waves by URAN-2, from Earth. Gopal-
swamy et al. (2016) concluded that the type IV emission was directed along a narrow cone,
less than ~ 60 degrees in width from above the flare site. They suggested that the source
of energy for the burst was the flare: electrons accelerated in flare reconnection and then
trapped in the post-eruption structures, producing radio emission at the local plasma fre-
quency. As Melnik et al. (2018) were able to observe the start of the type IV burst at de-
cameter waves, they confirmed that the emission was indeed plasma emission since it was
highly polarized. Melnik et al. (2018) suggested that the source region for the type IV burst
was the CME core, but they did not specify why URAN-2 could observe it while Wind could
not.

We note that it is possible that the observed directivity may not be caused by the emission
mechanism and/or the extent of the type IV source. Alternatively, the produced radiation
could be stopped in certain directions, for example by higher density plasma if it existed in
between the source and the observer. In the solar corona, such local density enhancements
can occur in coronal streamers and shock-related compression fronts (Kwon and Vourlidas,
2018). Figure 11 shows that emission from the n2-region cannot pass through the higher
density plasma in the n3-region, and hence it cannot be observed along this direction. The
dense solar atmosphere can also block part of the emission, especially if the source region is
located on the far side of the Sun and the direction of propagation is away from the observer.

The five events in our study presented configurations similar as in Figure 11: a CME
source region was located in n2-region and a streamer was located in n3-region. Moreover,
in all events, a type II burst was estimated to be located near the streamer as a CME flank
shock. Therefore, a higher density region existed toward a direction where the type IV burst
could not be observed. In the two 4 June 2011 events, the type Il —streamer region was on
the southwestern CME flank, blocking type IV emission toward the Earth, but being fully
observable with STEREO-A. In the 22 September event, the type Il —streamer region was
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on the southeastern CME flank, and the type IV burst was observed by STEREO-B, but not
by Wind from the Earth direction. In the 27 January 2012 event, the type Il —streamer re-
gion was on the southwestern CME flank, with a similar configuration as in the 4 June 2011
events. In the 5 March 2012 event, the type II—streamer region was located on the south-
eastern CME flank (projected Earth view), but the CME propagation direction indicated that
the type IV burst source was directed more toward the Earth and the streamer was located
behind it. The effect was that the type IV burst was observed by Wind near Earth, but it was
only partly visible from STEREO-B.

In the 22 September 2011 event, we observed several type III bursts that ended near
the type II burst emission frequency. This type of cutoff has been reported earlier by Al-
Hamadani, Pohjolainen, and Valtonen (2017). One possible explanation for the disappear-
ance of type III radio emission could be a reduced level of beam-driven Langmuir waves,
like when two electron beams cross and the radio emission becomes depleted (Briand, Henri,
and Hoang, 2014). However, in this scenario the level of radio waves is recovered after the
beam crossing, unlike in our event on 22 September 2011. This suggests that the type III
bursts could not pass the type Il - streamer region either, but were stopped.

5. Summary and Conclusions

In this paper, we have studied five solar events that showed intense and compact DH type IV
bursts, with a duration of about one hour for most of them, but visible only from one viewing
angle. The associated flares had high intensities (three GOES X-class, two unclassified as
they originated on the far side of the Sun). All the CMEs had very high speed and were
of halo type. Our analysis showed that EUV waves were observed in all of the events, and
intense and compact type IV bursts were observed only when the EUV wave propagated
globally across the whole visible disk. This may simply indicate the propagation direction
of the depleted CME material, if not the directivity of the type IV radio emission.

All the CMEs were associated with type II radio emission at DH wavelengths, which
indicates propagating shock fronts driven by CMEs. The calculated estimates for the type II
heights showed that the shocks were not bow shocks at the leading fronts of the CMEs,
but were located near the CME flanks. In one event, the type II location at the CME flank
had also earlier been verified with the radio triangulation technique. All five events included
high-density streamers at the deduced locations of the type II shocks. Shock—streamer in-
teraction has been found to be the source of type II burst emission in several earlier studies
(e.g., Al-Hamadani, Pohjolainen, and Valtonen, 2017, and references therein). Our analy-
sis showed that in all five events, the type IV emission was not observed from a direction
where the type Il —streamer region was located in between the CME source region and the
observer.

We therefore conclude that a high-density region existed in all events toward the direction
where the DH type IV burst could not be observed. As the type II burst sources were found
to be located higher in the corona than the type IV sources, the type IV emissions could
have been stopped in these shock regions. Dense type II emitting regions could simply be
optically thick for the type IV emission. In one of the events, the type II region was also
capable of stopping later-accelerated electron beams, visible as type III bursts that ended
near the type II burst lane.

To summarize our results and also to tie up our suggested scenario with an earlier ana-
lyzed event — where a metric type IV burst could be observed from a direction where the DH
type IV burst could not — we present a schematic cartoon in Figure 12. Basically, a type IV
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Metric type IV +
DH type IV
<
<
Type I
; Metric type IV
Type 11

Figure 12 Schematic cartoon that explains why metric type IV emission sources can be observed when DH
type IV sources cannot, from the same viewing angle. The green regions indicate possible type II burst loca-
tions and the filled gray region shows the streamer position. In this scenario, DH type IV emission is observed
only from one viewing angle, because the plasma near the type II emitting region is optically thick for the
type IV emission to pass through. The higher density region coincides here with a type II shock — streamer
region and it blocks the type IV emission only at longer DH wavelengths, so that the metric type IV emission
can still be observed.

burst can be observed from a direction where nothing blocks or absorbs the radio waves.
Based on our analysis, possible blocking regions could be located at the CME flanks, where
shock-streamer interactions may form type II radio bursts and where electron densities can
be much higher than in the surrounding space. These regions may form only higher in the
corona, making it possible for the metric type IV bursts to be observable at lower coronal
heights. We also note that in most cases, the type II bursts themselves are observed even if
the type IV bursts are not.
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