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ABSTRACT

Solar and interplanetary radio bursts can reflect the existence and motion of energetic electrons and
are therefore a kind of vital phenomenon in solar activities. The present study reported a solar radio
burst (SRB) event observed by Parker Solar Probe (PSP) in its 8th orbital encounter phase, and it
lasted about 20 hours in a frequency range of 0.5-15 MHz, called the type IV-like SRB. This type
IV-like SRB consists of a series of numerous spikes with the center-frequency drifting slowly from ~5
MHz to ~1 MHz, and each individual spike appears a much faster frequency drifting and has a narrow
frequency range of a few MHz and short duration of a few minutes. Based on the empirical models
of the solar atmosphere adopted commonly, combining the in-situ measurement by PSP, we propose
that these small-scale spikes were generated by a group of solitary kinetic Alfvén waves (SKAWSs)
in a magnetic loop accompanying coronal mass ejection (CME) and moving outwards, in which the
frequency drifting of individual spike is caused by the SKAW’s propagation and the center-frequency
drifting may be attributed to the motion of the magnetic loop.

Keywords: Solar radio emission, Interplanetary physics

1. INTRODUCTION

As the obvious sign of energetic electrons, solar radio
bursts (SRBs) are the important phenomenon and indis-
pensable way to investigate solar eruption activities and
the correlated electron acceleration processes. Wild &
McCready (1950) completed the early observations for
SRBs at 70-130 MHz and classified them into three types
(type I, I and IIT) according to their different frequency
drift rates. Subsequently, type IV and V radio bursts
were found and reported by other researchers (Boischot
1957; Kundu 1961; Weiss 1963; Suzuki & Dulk 1985).
Depending on the location of the radiation source, the
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SRBs could be classified as coronal (25-300 MHz) and
interplanetary (IP, 0.01-10 MHz) radio bursts (Lobzin
et al. 2014).

The most frequently observed IP radio bursts are type
IIT radio bursts, which can be identified by the fast fre-
quency drift from high to low frequency and are trig-
gered by fast electron beams associated with the vio-
lent energy release processes such as solar flare (Reid &
Ratcliffe 2014). With much slower frequency drift rate,
the type II SRBs are usually associated with coronal
mass ejections (CME) and are believed to be excited
by the shock-accelerated energetic electrons (Warmuth
2007; Vrsnak & Cliver 2008). Type IV radio bursts are a
kind of broadband radio continua, which are deemed to
be produced by non-thermal electrons confined in closed
magnetic structure and plasmoids (Hillaris et al. 2016).
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In general, the radio radiation below ~10 MHz from
high corona and interplanetary space cannot be detected
by the ground-based radio telescope due to the shielding
effect of Earth’s ionosphere. Therefore, the radio obser-
vation by spacecraft, especially the Parker Solar Probe
(PSP) in the near-Sun orbit, is necessary for the investi-
gation of low frequency radio bursts. PSP can measure
electric and magnetic field of the near-Sun solar wind
(Fox et al. 2016) and support a great opportunity to
observe radio bursts generated from high corona and in-
terplanetary space. Ma et al. (2021, 2022) reported that
many weak SRBs observed by PSP near its orbital per-
ihelion can hardly be detected by WIND in Sun-Earth
L1 point due to the radiation attenuation effect. Re-
cently, Chen et al. (2024) reported that a kind of weak
SRBs with narrow frequency range (hundreds of kHz
to dozens of MHz) and short duration (a few minutes)
observed by PSP when it approached the perihelion of
the second orbit and crossed a magnetic channel with
low density. These weak SRBs with small-scale emit-
ting sources originated from the typical solar wind ac-
celeration region based on the empirical models of solar
atmosphere. The relative frequency drift rates of these
events decrease from > 0.01 s=% to < 0.01 s, implying
that their emission sources experience strong evolution.
Chen et al. (2024) proposed that these weak small-scale
SRBs are triggered by energetic electrons accelerated by
solitary kinetic Alfvén wave (SKAW) with the kinetic
scale of plasma particles, called solitary wave radiation
(SWR).

In this work, we report an SRB event lasting for about
20 h, which was detected by PSP near the perihelion of
its eighth orbit but not by farther spacecraft and ground-
based instruments due to its weak intensity and radia-
tion attenuation. It consists of numerous weak radio
spikes with the center-frequency drifting slowly from ~5
MHz to ~1 MHz, however, each individual spike appears
a much faster frequency drifting. Combing the approach
observed data by PSP and much farther measurements
by other space and ground-based instruments, we ana-
lyze the observed characteristics and possible generation
mechanism of this SRB event, called the type IV-like
SRB. The rest of this letter is arranged as follows: Sec-
tion 2 introduces the instruments and main features of
the event. Section 3 analyzes the possible plasma ra-
dial models in the emission source of the event. Finally,
Section 4 presents our summary and discussions.

2. INSTRUMENTATION AND OBSERVATION
2.1. Instrumentation

Radio dynamic spectrum can provide rich information
of energetic electrons and hence is the essential and vital

data for the investigation of SRBs. The data from mul-
tiple spacecraft including PSP, WIND and Solar TErres-
trial RElations Observatory Ahead (STEREO A, Kaiser
et al. 2008) are used to checked the radio dynamic spec-
trum. As a near-Sun spacecraft, PSP flies in elliptical
orbits, which perihelion will be closer to the Sun grad-
ually and reach the position where the heliocentric dis-
tance R is about 9.86 R (Rg is the solar radii) in 2024
(Fox et al. 2016). As a section of FIELDS instrument
(Bale et al. 2016) on PSP, the radio frequency spectrom-
eter (RF'S, Pulupa et al. 2017) can measure the spectrum
of radio radiation from 10.5 kHz to 19.2 MHz in a higher
time resolution (a spectrum per 7 s in orbit 1-5 and per
3.5 s after orbit 5) at the encounter phases (R < 0.25
au).

WIND spacecraft launched in 1995 locates the Sun-
Earth L1 point after 2004. STEREO A moves along the
heliocentric orbits in a slightly higher speed than the
Earth. Both WAVES on WIND spacecraft (Bougeret
et al. 1995) and the STEREO/WAVES on STEREO
A (Bougeret et al. 2008; Driesman et al. 2008) are the
instruments used to measure radio and plasma waves.
They can provide the radio observed data with the ca-
dence of a spectrum/min at frequency range 4 kHz -
13.8 MHz (WIND/WAVES) and 2.5 kHz - 16 MHz
(STEREO/WAVES), respectively. In addition, Nanay
Decameter Array (NDA, Boischot et al. 1980), a ground-
based radio telescope is also used to provide the spec-
trum observation on the higher frequency bands of 15-
80 MHz from the perspective of the Earth. The image
of white light corona observed by Large Angle Spectro-
scopic Coronagraph (LASCO, Brueckner et al. 1995) C2
(with the field of view: 1.5-6 Rg) on the Solar and Helio-
spheric Observatory (SOHO, locating at Sun-Earth L1
point, Domingo et al. 1995) is used to check the possibly
correlative CME.

2.2. Observation

Figure 1 shows the radio observation by PSP/RFS
from 2021 April 26 10:00 to 27 09:00 and the frequency
drift features of eight spikes during this interval. From
the radio dynamic spectrum shown in Figure 1(a), an
intense type III radio burst was detected from 11:00 to
12:00 on 2021-04-26. After that, a radio burst consisting
of numerous weak radio spikes with fast frequency drift
appear and last for about 20 hours. The weak spikes
exhibit three special spectral features: (1) each of them
has a shorter duration of about 1-4 min; (2) the start
frequency for most of them is below 15 MHz; (3) their
peak frequency decrease with the time. It’s worth noting
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Figure 1. The features of 20-hour radio burst observed by PSP. Panel (a) shows the dynamic spectrum observed by PSP/RFS
during the period from 2021-04-26 10:00 to 2021-04-27 09:00. The orange curve shows the trend of slow frequency drift for the
center frequencies of spikes. Panel (b) is an example of the method for fitting the drift curve of single spike. The red dots
indicate the time of peak intensity at each frequency. The yellow curve is the fitted result of this event. The relative frequency
drift rate of eight spikes are shown in panel (c), which is calculated by the fitting data of frequency-time drift using the method

in panel (b).

Table 1. The detailed parameters of eight selected weak radio spikes.

No. start time duration  fsgars [MHz]  fona [MHz] PSDmax [lg(V?/Hz)] fluxmax [W/m?/Hz]
1 2021-04-26 13:06:40 151" 8.43 2.13 -15.03 2.25 x 10718
2 2021-04-26 14:42:44 120" 10.47 2.52 -15.25 1.34 x 10718
3 2021-04-26 17:23:10 2'19" 7.08 1.20 -15.33 1.10 x 107'®
4 2021-04-26 18:41:00 2'12" 6.78 1.27 -14.95 2.64 x 10718
5  2021-04-26 20:04:07 4'04" 13.02 1.07 -15.06 2.09 x 10718
6  2021-04-27 00:30:35 141" 6.48 1.37 -15.00 2.37 x 10718
7 2021-04-27 03:04:26 2'16" 7.72 1.07 -15.10 1.89 x 10718
8  2021-04-27 06:11:29 2'02" 5.73 0.96 -15.42 8.97 x 10719

that this event can hardly be observed by other farther
spacecraft and ground-based radio telescope because of
its much weak intensity and radiation decay.

The specific type of SRB needs to be determined by
their frequency drift rate according to their original def-
inition (Wild & McCready 1950). The absolute fre-
quency drift rate D,ps = |df/dt| of radio bursts can

reflect the motion of radiation source and distinguish
the type of radio bursts. However, the difference of D
in different frequency ranges is relatively large even for
the same burst. Therefore, relative frequency drift rate
Dyl = |df/(f.dt)] is defined to better discriminate the
types of bursts at different frequency ranges (Tan et al.
2019), where f, is the central frequency between the two
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frequency point used to calculate df. For a individual
radio burst, the mean relative frequency drift rate can be
calculated by the equation D.q = |Af/(foAt)|, where
fo is the central frequency of the whole event.

In order to accurately calculate the frequency drift
rate of weak radio spikes, we fit the frequency-time drift
curve of them. An example of our fitting method is
shown in Figure 1(b). By using the noise reduction
method introduced in Section 2.2 of Ma et al. (2022),
the radio dynamic spectrum unaffected by quasi-thermal
noise can be obtained. The frequency drift trend of ra-
dio spikes could be obtained by their peak intensity. For
the burst displayed in Figure 1(b), we get the red scatter
points of peak intensity by finding the time of maximal
intensity at each frequency. The yellow curve is the fit-
ting result of red scatter points by using the fitting equa-
tion lg(f) = at® + ¢, where f and t are frequency and
time, and a, b and c¢ are the fitting parameters. It is ev-
ident that the fitted curve can well reflect the frequency
drift of this event.

Total eight clear and non-overlapping spikes are se-
lected and shown in Table 1 according to the radio dy-
namic spectrum during the period from 2021 April 26
12:30 to 27 09:00. Figure 1(c) shows their correspond-
ing D,c. As the frequency decreases from ~10 MHz to
~1 MHz, their D, values decrease significantly from
> 0.01 s7! to < 0.01 s71. Tan et al. (2019) presented
that the D¢ range of metric-wave type II and III radio
bursts are < 0.01 s~ and > 0.1 s, respectively. The
relative frequency drift rates of these eight spikes are
obviously different from the typical type II and III radio
bursts, which indicates a series of strong dynamic evo-
lution may happen at emission source, and these spikes
may be generated from other small scale electron accel-
eration process.

As shown in Figure 2(a), a slow and weak CME event
was found in the observation of white light coronagraph
LASCO/C2 start at about 11:48 on April 26, which is
slightly earlier than the onset of these radio spikes. To
measure the motion speed of CME, we sliced the im-
age of LASCO/C2 from 10:00 to 18:00 along direction
indicated by blue line in Figure 2(a). The time-space
diagram obtained by slicing is displayed on Figure 2(b),
where the green line marks the leading edge of a distinct
bright motive structure in the CME with drift velocity
about 149 km/s. This velocity is much lower and pos-
sibly cannot be enough to generate shock wave driving
type II radio bursts. The Alfvén speed v4 in the emis-
sion source is requisite for the further comparison. It
will be discussed in detail in Section 3.2.

This CME is the unique eruption event associated
with the weak spikes and the former intense type III

burst group at almost the same time by checking the
multiband observation including Atmospheric Imaging
Assembly (ATA, Lemen et al. 2012) aboard Solar Dy-
namics Observatory (SDO, Pesnell et al. 2012) and the
Extreme Ultraviolet Imager (EUI, Rochus et al. 2020)
aboard Solar Orbiter (SolO, Forveille & Shore 2020)
not shown in this article. According to the positions of
spacecraft shown in Figure 2(g), it could be inferred that
the associated active region may exist behind the north-
western limb of the Sun (labeled by black arrow). Using
the data observed by PSP, NDA, WIND and STEREO
A, the multi-view radio observation of the intense type
IIT events on Figure 2(c)-(f) also support this possibil-
ity. An intense type III radio burst and its following
slow frequency-drift radio emission (such as type II ra-
dio burst) possibly originate from the same active re-
gion (Pohjolainen & Talebpour Sheshvan 2021). The
start time t; of this intense type III burst group is dif-
ferent between the observation by PSP near the Sun
and the instruments (WIND and NDA) near the Earth
because of the enormous difference in their heliocentric
distance. The ¢; in PSP’s observation is about 10:57:12
while that in NDA and WIND is about 11:07:02. The
time delay between them is about 9’ 50", which is signif-
icantly longer than the light propagation time from the
Sun to Earth, i.e., 8 18”. It implies that the type III
event generated behind the solar limb so that the PSP
on the back of the Sun observed them firstly. Subse-
quently, the radiation experienced a series of scattering
by coronal plasma and partial radiation can propagate
towards the Earth direction and then was detected by
WIND and NDA. In other words, the scattering process
extend the propagation time of the radiation. There-
fore, we propose that the intense type III burst group
and the subsequent radio event consisting of many spikes
are probably excited by flare and the following CME
originated from the limb-behind active region.

3. PLASMA MODELS AND THEORETICAL
EXPLANATION

3.1. Selection of plasma radial models

In order to further investigate the radiation mecha-
nism of this event, reliable empirical models of coro-
nal plasma are indispensable. Leblanc et al. (1998)
presented the me_r,ep model from the corona to 1 au
based on the radio observation by WIND spacecraft,
which is a widely adopted electron density model due
to its reasonability. It can be expressed by the form
Ne = ar~2 4+ br~* + ¢r~%, where r is the heliocentric
distance in units of Rg, and a, b, ¢ are the fitted param-
eters. The terms proportional to 7% and r—2 are dom-
inant at relatively static high corona from ~ 1.3Rg to
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possible ejection direction of CME.
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~ 3R and the dynamic solar wind in the interplanetary
space from dozens of Rg to beyond 1 au, respectively.
The term proportional to r~* was used to fit the tran-
sition from the high corona to the interplanetary space.
In order to fit the much higher electron density about
1019 cm =3 at lower corona, Wu & Fang (2003) added the
exponential term 10%¢=20("=1) to the model ne_ren Of
Leblanc et al. (1998).

In addition, Mariani & Neubauer (1990) proposed the
magnetic field models in the form of B(r) = Ar=3 +
Br~2, where the items proportional to »—2 and 72 can
well reflect the dipole magnetic field of the active re-
gion and the monopole field in the farther interplane-
tary space. Using the in situ plasma measurement by
PSP, Chen et al. (2021) fitted the models of Mariani &
Neubauer (1990) and then presented the model 7 chen
and Bcpen (see the Equation (1) and (2) in Chen et al.
2021). These models also used to explain the high-
coronal and interplanetary radio bursts observed by PSP
during its second orbital encounter phase.

To precisely match the observed events in present
work, we fitted the parameters of ne_chen and Bchen
based on PSP’s in situ detection results (mean pro-
ton density 7, = 196.2 cm™3 and mean magnetic field
B = 1.3x1072 G) during the period from 09:00 on April
26 to 09:00 on April 27. The obtained model is listed as
follows:

no

ne(r) = 1 4+ 9e—(r—1)2/100" (1)

1010 680 35 10° _3
(2)
B(r) = 15r=* 4 0.87r% [G]. (3)

Figure 3 shows the n.(r) and B(r) models in panels
(a) and (b) and their corresponding characteristic fre-
quencies fpe and fe. in panel (c), respectively. For the
fundamental-frequency emission, the characteristic fre-
quency reflects the emitting frequency of radio bursts
by the corresponding emission mechanism. From the
dynamic spectrum shown in Figure 1(a), one can find
that the frequency range of these weak radio spikes is
approximately 0.5-15 MHz, which is labeled by the thin
horizontal dotted lines in Figure 3 (c). It is obvious that
the f.. is larger than f,. in the frequency range of radio
spikes. It implies these spikes might be explained by the
ECM emission mechanism rather than plasma emission.

3.2. Theoretical Ezxplanation of Weak Radio Spikes
and Long-time Emission
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Figure 3. Plasma radial models and their corresponding
plasma characteristic frequencies. Panel (a) and (b) show the
electron density model n.(r) and magnetic field model B(r),
respectively. The corresponding fpe (thick dashed lines) and
fee (thick solid lines) are shown in panel (¢). The thin dot-
ted lines mark the higher and lower frequency limits of the
observed radio spikes (fu and fr) and their corresponding
heliocentric distances (1.45R and 4.7Rg).

The analysis of observed dynamic spectrum in Fig-
ure 1(a) shows that most of weak spikes have low start
frequency (< 15 MHz), narrow frequency range (a few
MHz), short duration (1-4 min) and weak peak inten-
sity (~ 107! V2/Hz). Furthermore, the weak spikes
also have much higher occurrence rate (on average ~ 1
event/min). These characteristics imply that the weak
spikes may originate from small-scale emitting sources
at high corona rather than the energetic electron beams
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accelerated in low corona. All the features of the spikes
mentioned above are consistent with the solitary wave
radiation (SWR) presented by Chen et al. (2024).
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Figure 4. Drift speed vs of emission source of the selected
eight spikes on the assumptions of ECM emission. The col-
orful solid curves and the black dashed curve indicate vs of
eight events and the Alfvén speed va, respectively. The vg
is calculated by the models of magnetic field and electron
density at present work.

Based on the plasma parameter models presented in
Section 3.1, the condition fee > fpe shown in Figure 3(c)
means that the ECM instability can be responsible for
the generation of the radio emission of these weak spikes.
Combining the magnetic field model (Equation (3)) and
the absolute frequency drift rate D,ps of the eight spikes
shown in Figure 1(c), we calculate the motion speed vg
of their emitting sources by using the following equation:

dfCE dfce d/r dfce

Dabs =07 =4 @ = @ % @
The colorful curves in Figure 4 show the vg for the eight
events in units of light speed ¢ versus the heliocentric dis-
tance of emitting source. The black dashed curve shows
the Alfvén speed vy of the ambient plasma. One can
find that the vg decrease from ~ 0.1¢ (> v4) to ~ 0.02¢
(< va), which implies that these weak spikes are possi-
bly not common type III SRBs excited by fast electron
beams, and they should be excited by energetic electrons
accelerated by small-scale plasma waves. Therefore, we
suggest that the spikes can be explained using the SWR,
theoretical model proposed by Chen et al. (2024).

Kasper et al. (2021) found that strong Alfvén tur-
bulence is ubiquitous in the coronal plasma with sub-
Alfvénic stream. The Alfvén wave can extend to the
kinetic scale and become kinetic Alfvén wave (KAW,
Wu & Chen 2020) by the anisotropic turbulent cascade
(Goldreich & Sridhar 1995; Tsurutani et al. 2018). Si-
multaneously, the nonlinear solitary wavelets of KAW
(SKAW) can form easily in the low 8 plasma, because

Landau damping is too weak to dissipate the KAW effec-
tively when its phase speed (> v4) is significantly larger
than the electron thermal speed (vr.). The electrons
can be trapped and accelerated effectively to the veloc-
ity much higher than the propagating speed of SKAW
and excite radio emission via ECM instability (Chen
et al. 2024).

For the generation process of radio emission, the AWs
also have significant impact on the ECM instability (Wu
et al. 2012; Wu 2014; Zhao et al. 2015; Chen et al. 2017,
2021). The excitation of ECM instability need the free
energy in the direction perpendicular to the magnetic
field, i.e., OF(v)/0v, > 0, where the F(v) is the veloc-
ity distribution function (VDF) of electrons. AWs can
scatter the energetic electrons to the so-called crescent-
shaped distribution, which can provide transverse free
energy to excite ECM emission effectively. Chen et al.
(2024) calculated the growth rate of possible wave modes
using the crescent-shaped VDF, and the result shows
that the fundamental wave of O-mode have much higher
growth rate than the harmonic wave of O-mode and X-
mode. We have checked the Stokes V/I parameter of
these radio spikes using the method from Pulupa et al.
(2020). The result shows that their average degree of
polarization is about 0.3, which means these spikes have
partial left-hand circular (LHC) polarization (O-mode
emission). It is different from the fully O-mode emis-
sion excited by ECM instability probably owing to the
propagation effect or the simultaneous O-mode and X-
mode emission.

The propagation of SKAW carrying the energetic elec-
trons causes the frequency drift of the weak spikes.
Therefore, the decay of vg demonstrate that the SKAW
will decelerate as propagating by possible dissipation
such as ion-acoustic turbulence and the Coulomb col-
lision (Wahlund et al. 1994; Voitenko & Goossens 2000;
Wu et al. 2007). The inverse of SKAW damping rate
can be the reference of its dissipation time. Using this
estimation method, Chen et al. (2024) presented that
the dissipation time of SKAW will be shorter than 10
min in the low S plasma of v4 > vp., which correspond
with the duration (1-4 min) of the weak radio spikes ob-
served by PSP in this work. Therefore, we suggest that
these weak radio spikes are the ECM emission excited
by the electrons trapped and accelerated by the electric
field of SKAW, i.e., SWR.

The orange curve in Figure 1(a) labels the drift trend
of the center frequency of these small-scale spikes, which
reflects the motion of the magnetic loop. Using the mag-
netic field model B(r), we estimated that the moving
speed of the magnetic loop V7, decreases from ~120 km/s
to ~5 km/s. At the beginning phase, the V7, is slightly
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lower than the speed of the CME (vemge ~ 149 km/s)
shown in Figure 2(a), which implies the radio radiation
is associated with the CME. The slow drift of the spike
center frequencies reflects the slow motion outwards of
the magnetic loop accompanying the CME at the veloc-
ity V1, in which the emitting sources of the small-scale
SWRs (i.e., SKAWSs) propagate at the velocity Vg along
the magnetic field of the loop. Therefore, we suggest
that the observed SRB event is a type IV-like SRB that
consists of a series of SWRs confined within the mag-
netic loop moving outwards.

4. SUMMARY AND DISCUSSION

We report a radio burst consisting of a series of weak
spikes observed by PSP during the period from 12:30 in
2021 April 26 to 09:00 2021 April 27. The weak radio
spikes have several distinct features: lower upper-limit
of frequency (< 15 MHz), narrow frequency band (0.5-15
MHz), short duration (< 5 min) and lower peak inten-
sity (~ 10715 V2/Hz). The coronagraph observation by
SOHO/LASCO shows a temporal-relative weak CME
event with the propagation speed about 149 km/s. The
simultaneous radio observation by PSP, NDA, WIND
and STEREO A shows that the observed time of earlier
intense type III radio burst group is obviously different,
especially the time delay between NDA (and WIND)
near the Earth and PSP is larger than the propagation
time of light from the Sun to Earth, which means that
the emitting source may locate behind the solar north-
western limb and the radiation experience the scattering
by coronal plasma and hence their propagation time may
be extended.

The motion of emission sources can be reflected by
their D.,. The D,e of weak spikes decrease from >
0.01 s7! to < 0.01 s~! implies they are probably not
triggered by fast electron beams. To further explore
the emission mechanism of the observed radio spikes, we
selected appropriate plasma models, i.e., the Equation
(1-3). The characteristic frequency relation fe. > fpe
indicates that the weak spikes should be ECM emission
rather than plasma emission.

We calculate the drift speed of emission sources for
the chosen eight weak spikes and the long-time radi-

ation, respectively. The former decrease from super-
Alfvénic ~ 0.1c to sub-Alfvénic ~ 0.02¢, and the latter
is slightly lower than the velocity of the correlative CME
at the beginning period. Based on the observations and
SKAW theory by Chen et al. (2024), we propose a new
model as follows to explain the long-time radio burst
including many weak spikes. In a close magnetic struc-
ture located within a weak CME erupting behind the
solar north-western limb, intense Alfvén turbulence in
the low [ plasma can extend to smaller kinetic scale
(KAWs) and form the non-linear SKAW further. The
electrons can be trapped in the potential well of SKAW
and accelerated to super-Alfvénic speed by the electric
field £ of SKAW. The electrons with crescent-shaped
VDF scattered by AWs provide transverse free energy
and excite ECM emission (i.e. SWR). The numerous
SWRs present a long-time radio burst, which can reflect
the movement of whole close magnetic structure behind
the CME leading edge, called type IV-like radio burst.

In the lack of the in situ measurement at emission
source, the theoretical explanation in this work is mainly
based on the plasma empirical models. With the max-
imum year of solar cycle 25 coming and PSP further
approaching the Sun, the possibility for the local detec-
tion at the emitting source becoming bigger and bigger,
and the demonstration of theoretical assumption will be
realizable.
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