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ABSTRACT

Aims. Solar type II radio bursts are commonly attributed to coronal shocks driven by coronal mass ejections (CMEs). However, some
metric type II bursts have occasionally been reported to occur in the absence of a CME and to be associated with weak solar activity.
The aim of this study is to identify the driver of the coronal shock in this kind of type II event.
Methods. We investigated a high-frequency metric type II burst with clear band splitting, observed simultaneously by the Chashan
Broadband Solar radio spectrograph and the Nançay Radioheliograph. It is associated with a C3.1-class flare and a small-scale jet,
but without a detectable CME in the coronagraphs.
Results. The type II burst is preceded by multiple type III bursts, one of which exhibits characteristics of a type N burst. The type II
burst source is associated with the jet-induced perturbation front propagating through nearby closed loops at a speed of ∼880 km s−1,
rather than the much slower jet front. This suggests that the disturbance initiated by the jet can convert to a shock wave within low
Alfvénic coronal loops, providing the necessary conditions for electron acceleration and subsequent radio emission. Our findings offer
new insights into the formation mechanism of high-frequency type II bursts associated with weak flares and jets.
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1. Introduction

Solar flares and coronal mass ejections (CMEs) are intense
energy release activities in the solar atmosphere, capable of
accelerating a large number of electrons to high energies. These
energetic electrons further generate various types of radio bursts
through coherent radiation mechanisms, such as plasma emis-
sion (Ginzburg & Zhelezniakov 1958; Pick & Vilmer 2008).
Solar radio bursts at decimeter–meter wavelengths serve as one
of the primary diagnostics for the acceleration and transport of
energetic electrons in the corona.

Type II and type III radio bursts are the most com-
monly observed radio emissions associated with explosive solar
activities. Type II bursts appear as narrow bands that slowly
drift in radio dynamic spectra and are attributed to ener-
getic electrons accelerated at outward-propagating shock fronts
(Nelson & Melrose 1985). Most type II bursts exhibit inter-
mittent or patchy emission bands. In many events, the funda-
mental and harmonic bands of type II bursts can further split
into sub-bands, known as the band splitting phenomenon (e.g.,
Smerd et al. 1975; Vršnak et al. 2001; Du et al. 2014, 2015).
In addition to the main emission lanes, various fine struc-
tures are often observed, including herringbones, characterized
by short-duration drifts toward low and high frequencies from
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a type II burst backbone (Holman & Pesses 1983). In con-
trast, type III bursts drift much more rapidly in radio dynamic
spectra, representing the propagation of fast electron beams
(∼0.1−0.3c, where c is the speed of light) accelerated through
magnetic reconnection during solar flares and propagating along
open or large-scale closed magnetic field lines (Reid 2020).
The solar corona is pervaded by closed magnetic loops. When
electron beams propagate along a coronal loop, the frequency
drift reverses as they pass the loop top and turn toward the
Sun, resulting in type III burst variants, including type J and
type U bursts (e.g., Reid & Kontar 2017; Mancuso et al. 2023;
Feng et al. 2024). If the electron beams encounter reflection due
to the magnetic mirroring effect of coronal loops, a type N burst
can be observed (e.g., Caroubalos et al. 1987; Kong et al. 2016).

Metric type II bursts and their fine structures are gen-
erally identified as radio signatures of CME-driven shocks
through the solar corona (e.g., Zimovets et al. 2012; Feng et al.
2016; Lv et al. 2017; Morosan et al. 2019; Kouloumvakos et al.
2021; Koval et al. 2024). However, not all type II radio bursts
correlate with CME-driven shocks (e.g., Nindos et al. 2011;
Magdalenić et al. 2012; Su et al. 2015; Kumari et al. 2023;
Vasanth 2024). Different physical mechanisms have been pro-
posed to explain the driver of type II bursts in the absence
of associated CMEs. Su et al. (2015) suggested that when the
strongly inclined magnetic loops reconnected with the newly
emerging flux near the active region (AR), the fast expansion
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of the loops driven by magnetic tension forces could gener-
ate coronal shock waves that accelerated energetic electrons to
produce type II bursts. Kumar et al. (2016) established that the
high-frequency type II burst was associated with an extreme-
ultraviolet (EUV) wave triggered by magnetic reconnection dur-
ing the flare, and that the wave later evolved into a fast shock
as it propagated through nearby loops. Specifically, some type
II events have been found to be accompanied by only C-class
flares and narrow jets (e.g., Maguire et al. 2021; Duan et al.
2022; Hou et al. 2023; Morosan et al. 2023). Maguire et al.
(2021) showed that the type II burst source observed by LOw-
Frequency ARray (LOFAR) was located much higher than the
jet and propagated much faster. Therefore, they suggested that
the narrow jet could produce a piston-driven shock ahead of it.
For another event, Morosan et al. (2023) found that the type II
burst source was ahead of jet-disturbed loops and proposed that
the EUV wave may steepen into a shock wave in surrounding
regions with low Alfvén speeds.

Recently, a high-performance solar radio spectrograph at
meter wavelengths was developed at the Chashan solar radio
observatory (CSO). More than 50 type II bursts have been
recorded since its operation began1. For this paper we selected
an event that occurred on 2023 May 8 without accompanying
CMEs and that was associated with a C-class flare and coronal
jet. We investigated the origin of the type II burst by combining
multi-wavelength observations. The paper is organized as fol-
lows. We describe the observations in Section 2 and present the
results of our analysis in Section 3. The summary and discussion
are given in Section 4.

2. Observations

The radio burst event that occurred on 2023 May 8 was identi-
fied with radio spectral data from the Chashan Broadband Solar
radio spectrograph at meter wavelengths (CBSm; Chang et al.
2024). CBSm is located at the CSO and is managed by the Insti-
tute of Space Science of Shandong University. It is designed to
monitor high-frequency solar radio bursts at metric wavelengths.
Its frequency range is 90−600 MHz, with a frequency resolu-
tion of about 76.294 kHz and a high temporal resolution of up to
0.21 ms. Since the start of its operation in November 2022, more
than 50 type II radio bursts have been recorded.

Simultaneously, the Nançay Radioheliograph (NRH;
Kerdraon & Delouis 1997) has provided radio imaging at ten
different frequencies from 150 to 445 MHz for this radio burst
event, with a 3-dB bandwidth of 700 kHz. Here we focus on
analyzing the NRH data at three frequencies: 150, 173, and
228 MHz. The spatial resolution of the NRH is determined by
its half-power beam width, calculated using the NRH routine in
the SolarSoftWare. During the event, the half-power beam size
at 150 MHz was 489.6′′ (major axis of beam ellipse) and 264.4′′
(minor axis of beam ellipse), at 173 MHz it was 420.2′′ and
236.6′′, and at 228 MHz it was 322.1′′ and 172.9′′, respectively.
Due to the early morning observation, the low solar elevation
angle resulted in beam elongation. However, since we focus
on the variation of the centroids of radio sources, this effect
can be negligible. Additionally, because NRH radio sources are
observed at high frequencies and in the harmonic band, and
the event occurred near the solar disk center, positional shifts
arising from anisotropic scattering can be neglected for this

1 http://47.104.87.104/SRData/CBSm/RadioBurstEvent/
typeII/typeIIburst_show.html

event (e.g., Kontar et al. 2019; Chen et al. 2020; Kontar et al.
2023).

We examined the coronagraph images in the duration of the
type II radio burst, taken by the Large Angle Spectrographic
Coronagraph (LASCO; Brueckner et al. 1995) C2 on board the
Solar and Heliospheric Observatory (SOHO) and the Sun Earth
Connection Coronal and Heliospheric Investigation (SECCHI;
Howard et al. 2008) on board the Solar Terrestrial Relations
Observatory (STEREO), but no signatures of CMEs could be
observed. The only eruptive feature is the onset of a C3.1-
class flare accompanied by a small-scale jet from the NOAA
AR 13296 (N13W12). The eruption was observed by multi-
ple instruments, including the Atmospheric Imaging Assembly
(AIA; Lemen et al. 2012) on board the Solar Dynamics Obser-
vatory (SDO; Pesnell et al. 2012). The EUV data from AIA were
primarily used to analyze the flare and jet in this study. The Hard
X-ray Imager (HXI; Su et al. 2019) payload of the Advanced
Space-Based Solar Observatory (ASO-S; Gan et al. 2019) was
employed to observe the nonthermal hard X-ray (HXR) emission
of the solar flare. HXI covers an energy range of ∼10−300 keV
for spectroscopy and ∼15−300 keV for imaging, with a maxi-
mum operational temporal cadence of 0.25 s and a spatial reso-
lution of 3.1′′ (Su et al. 2024). Meanwhile, the Gamma-ray Burst
Monitor (GBM; Meegan et al. 2009) on the Fermi satellite pro-
vides count rates in the range of 8 keV to 1 MeV.

3. Results

A weak C3.1-class flare occurred simultaneously with the type
II radio burst, as observed in the GOES soft X-ray (SXR) light
curve in Figure 1a. The flare began at 08:20:00 UT, peaked
at 08:25:00 UT, and ended at 08:49:24 UT. Figure 1b shows a
composite of radio dynamic spectra from CSO/CBSm, Lear-
month, and GERMANY-DLR in the range 50−300 MHz from
08:22:00 UT to 08:28:00 UT. Various types of radio bursts,
including type III-like (J, N), type III, and type II bursts, were
recorded. During the early impulsive phase of the flare between
08:22:00 and 08:23:24 UT, when the SXR flux began to rise, type
III and type III-like radio bursts were already generated, indi-
cating that electrons accelerated by magnetic reconnection had
propagated outward along magnetic field lines of different con-
figurations. This resulted in distinct frequency-drift patterns and
intensities on the radio spectrogram. A type N burst, resembling
the letter N (Kong et al. 2016), occurred before 08:23:00 UT,
with other type III bursts around. An intense period of type III
bursts manifested later during the flare impulsive phase between
08:23:30−08:24:18 UT, approximately coincident with the peak
in the HXR flux. They drifted continuously to low frequen-
cies (an interplanetary type III burst observed by STEREO-
A/WAVES). The type II burst occurred at 08:26:30 UT after
the flare SXR peak time during the gradual phase. It exhibits
both fundamental (F) and harmonic (H) lanes, with clear band-
spitting in the harmonic emission.

3.1. Flare and jet eruption

The characteristics of the flare and jet in the eruptive AR
are shown in Figure 2. Panels a1–a4, b1–b4, and c1–c4 are
a sequence of EUV images in the AIA 131 Å, 171 Å, and
304 Å channels, respectively, presenting an overview of the
eruption process in AR 13296 near the solar disk center. As
shown in Figure 2c1, the AR was located near a magnetic
polarity inversion zone, with two clearly visible mini-filaments
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Fig. 1. Overview of the event on 2023 May 8. (a) GOES 1−8 Å soft
X-ray light curve (black) of the C3.1-class flare and the ASO−S/HXI
count rate from combined total flux detectors (D92+D93+D94) in the
25−50 keV energy channel (orange) between 08:22 and 08:28 UT. (b)
Radio dynamic spectrum observed by CSO/CBSm (110−300 MHz),
Learmonth (80−110 MHz), and GERMANY-DLR (50−80 MHz), dis-
playing various type III and type III-like (J, N) bursts followed by a
type II burst. Both fundamental (F) and harmonic (H) emission lanes
can be identified for the type N burst and type II burst.

(F1, F2) in 304 Å. During the early phase of the eruption
(08:20:05−08:23:09 UT), no clear filament rise can be observed,
possibly due to the high altitude of the filaments and intense flare
brightening. At 08:23:09 UT, a jet is observed on the southern
side of the AR, followed by the ejection of dark filament mate-
rial with likely untwisting motion (see online animation). After
the jet eruption, the mini-filaments disappeared (Fig. 2c4).

Figures 3a–c present a series of GONG Hα images before,
during, and after the jet eruption, respectively. The two fila-
ments F1 and F2 can be identified from the GONG Hα data
before the eruption. However, filament F1 appears to be indis-
tinct as a result of the lower spatial resolution of GONG. The fil-
ament structures finally disappeared after the eruption, as shown
in Figure 3c, consistent with the observation in AIA 304 Å.

To investigate the trigger mechanism of the filament erup-
tion, we further analyzed the observation characteristics of mag-
netic flux and vector magnetic field in the AR. Figure 3d shows
the temporal evolution of the magnetic flux near the polarity
inversion line (PIL). It is calculated from the HMI LOS mag-
netograms for the target region, marked by the red rectangle in
Figure 3e, over a time range from three hours before the erup-
tion to 10 minutes after the flare (05:20−09:10 UT). The nega-
tive magnetic flux exhibits a significant and continuous decrease,
while the positive magnetic flux shows a sustained increase due
to the movement of positive polarity into the target region, sug-
gesting that magnetic cancellation was ongoing during the flare
(08:20−09:00 UT, shaded region in Figure 3d). Therefore, mag-

netic cancellation may be a key triggering factor in the erup-
tion of mini-filaments. This finding is consistent with the widely
observed physical mechanism in quiet-regions and coronal hole
jets, where small-scale filament eruptions are triggered by mag-
netic flux cancellation (e.g., Adams et al. 2014; Sterling et al.
2015; Panesar et al. 2016; McGlasson et al. 2019).

Based on the HMI vector magnetograms with a 12-minute
cadence, we also analyzed the tranverse magnetic field evolution
in the AR. As shown in Figure 3e, significant magnetic shear
motion is observed near the PIL, where the transverse mag-
netic field arrows of the positive and negative polarity regions
are nearly parallel. Magnetic cancellation and shear cause the
opposite polarity magnetic fields to continuously approach each
other at the neutral line, triggering magnetic reconnection that
alters the magnetic configuration. During this process, the erupt-
ing magnetic structure drives both internal and external recon-
nection: internal reconnection releases significant flare energy,
manifesting as a C3.1-class flare with circular ribbons, while
external reconnection, driven by the eruption of mini-filaments,
opens magnetic field lines to produce the jet (e.g., Adams et al.
2014; Sterling et al. 2015; Panesar et al. 2016).

Energetic electrons accelerated during magnetic reconnec-
tion in the jet eruption produced nonthermal HXR emission.
Figure 4a shows that the ASO-S/HXI light curves in the energy
range of 15−300 keV began to rise around 08:23:00 UT. The
flux curves from Fermi/GBM in the energy range of 4−300 keV
have the same rising trend as the HXI light curves (Fig. 4b).
Both reach their peaks at 08:23:52 UT, as marked by the ver-
tical red dashed lines. The weak GBM signals above 100 keV
may originate from the emission of electrons with energies
exceeding 100 keV, indicating possible electron acceleration up
to ∼100 keV in this weak C-class flare. The HXI exhibits no sig-
nal above 100 keV, primarily due to its detector area being over
ten times smaller than that of the GBM and to its higher back-
ground signals.

For this flare event, the HXI is able to provide reliable imag-
ing of HXR sources during the impulsive phase of the flare.
HXR sources are reconstructed using the background-subtracted
counts of HXI detectors from D19 to D91 (which are well cal-
ibrated), integrating from 08:23:56 UT to 08:24:24 UT, by the
HXI_Clean algorithm (Su et al. 2024). The locations of HXR
sources of different energies (in Fig. 4c) are cospatial with the
circular ribbons in the AIA 1600 Å image, suggesting that the
HXR emission is mainly produced at the footpoints of newly
reconnected field lines due to the collision of energetic electrons
with the low atmosphere. As indicated by the arrow in Figure 4d,
the magnetic polarity in the center of the circular ribbon is pos-
itive and surrounded by negative polarities, consistent with the
fan-spine topology (e.g., Zhong et al. 2019; Duan et al. 2022,
2024; Zhang et al. 2022; Zhang 2024). Additionally, as shown
in Figure 2, the shape of the jet as it develops also supports the
presence of a fan-spine magnetic configuration in the AR. Both
the flare ribbon and HXR sources are located near the polarity
inversion region. As shown in Figure 3 and discussed above,
magnetic flux emergence and shear motion create preferred sites
for magnetic reconnection and electron acceleration in the com-
plex magnetic fields during the jet eruption (e.g., Glesener et al.
2012; Chen et al. 2018).

3.2. Type N radio burst

As shown in Figure 1b, during the impulsive phase of the flare
(before 08:25 UT), multiple episodes of fast-drifting type III
and type III-like bursts can be observed, indicating accelerated
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Fig. 2. EUV images in the AIA 131 Å, 171 Å, and 304 Å wavelengths (from top to bottom), showing the circular-ribbon flare and jet eruption.
The white and black contours in panel c1 respectively represent the positive and negative magnetic fields of the HMI LOS magnetogram scaled at
±120 G. In panel c3 the green and blue curves mark the locations of filaments F1 and F2, respectively, as observed in panel c1. (The associated
movie is available online).

electron beams propagating outward along open or large-scale
closed magnetic field lines. Specifically, the most intense type
III burst occurred simultaneously with the HXR peak time. This
demonstrates that the electrons generate HXR and radio emissions
may have the same origin. Here we focus on the likely type N burst
in the early impulsive phase. It appeared before 08:23 UT, when
the HXR flux in low-energy channels of Fermi/GBM exhibited a
rise. We note that unlike its harmonic counterpart, the fundamen-
tal emission of this type N burst is relatively weak and does not
exhibit the complete N-shaped profile, consistent with the event
investigated in our previous work (Kong et al. 2016). This may be
attributed to the fact that the fundamental emission is subject to
relatively strong scattering effects (Kontar et al. 2019).

Figure 5a presents a zoomed-in view of the radio dynamic
spectrum from CSO/CBSm with a temporal resolution of 0.1 s,
highlighting the harmonic emission of the type N burst. We note
that the scale of the frequency-axis is reversed for easier com-
parison with the schematic diagram illustrating the generation
of a type N burst, as shown in Figure 5b. The emission lanes
of the type N burst are illustrated by the black dashed curve,
which consists of three branches. The frequency drift rate is
approximately −44 MHz s−1 from 228 to 150 MHz for the first

branch, and 15 MHz s−1 from 150 to 173 MHz for the second
branch. Caroubalos et al. (1987) revealed a smaller frequency
drift rate for the second branch from the analysis of 16 “true”
type N bursts, and they explained this phenomenon by the geo-
metrical propagation effect, as the electron beam associated with
the second branch is directed toward the Sun. Other contributing
factors include the asymmetry or inclination of coronal loops,
energy loss and pitch-angle scattering due to Coulomb colli-
sions, and continuous variation in parallel velocity due to the
magnetic mirror effect. We note that the drift rate for the first
branch is generally consistent with previous statistical results for
type III bursts (e.g., Zhang et al. 2018), indicating the average
speed being ∼0.2c. In addition, we can see the duration of emis-
sion lanes basically increases for the three successive branches;
the third branch is the most diffuse, which is likely due to the
dispersion of the same electron beam along its path. The bright-
est emission is during the transition between the first and sec-
ond branches (at the loop top) and the emission generally fades
out between the second and third branches (around the mirror
point). The above observational properties are generally con-
sistent with those of type N bursts reported in previous studies
(Caroubalos et al. 1987; Kong et al. 2016).

A197, page 4 of 11

https://www.aanda.org/10.1051/0004-6361/202555230/olm


Cui, Y., et al.: A&A, 706, A197 (2026)

Fig. 3. (a)–(c) GONG Hα images before, during, and after the jet eruption. The white arrows in panel a indicate the two mini-filaments. (d)
Evolution of the positive (red) and negative (blue) magnetic flux between 05:20 and 09:10 UT. The gray shaded region indicates the period of the
flare. (e) HMI vector magnetic field map at 08:24:00 UT. The red and blue arrows represent the transverse field for positive and negative polarities,
respectively. The length of the arrows indicates the magnetic field strength and the direction corresponds to the azimuthal orientation.

Unfortunately, we did not identify large-scale closed field
lines associated with the type N burst using the PFSS extrapo-
lation model, likely due to the complex magnetic field configu-
ration in the active region. The white curve in Figures 5c and d
is based on the direction of the radio source movement and the
physical picture of the type N burst. The purpose of using this
shape is to pass through the centroid of the radio sources as much
as possible, while accounting for the projection effect.

The first branch is attributed to outward-propagating electron
beams, exhibiting negative frequency drift identical to normal
type III bursts. It was imaged by NRH at three frequencies, 150,
173, and 228 MHz, as marked by the red dots in Figure 5a. In
Figure 5c, the contours (70% of the maximum) of NRH imaging
for the three data points are overlaid on the AIA 193 Å images.
It shows that the radio sources for the first branch are located
above the AR where the jet erupted. The NRH sources align well
with each other at different frequencies. Although the higher-
frequency source is expected to be closer to the solar surface, it is
hard to determine their altitudes because of the serious projection
effect near the disk center. However, the trend remains apparent
that the lower the frequency, the more the radio source tends to
shift toward the northwest. The second branch represents elec-
tron beams traversing the apex of large-scale closed loops (as
illustrated by the white curve) and undergoing sunward motion.
Therefore, the frequency drift reverses and becomes positive.
NRH imaged it at the frequency of 150 MHz (red diamond in

panel a); the radio imaging source is shown in Figure 5d. It can
be seen that the second branch is displaced to the northwest far
away from the flare and jet. The third branch of the type N burst
is produced by the electron beams being reflected as a result of
magnetic mirror effect of the loops, also imaged at 150 MHz (red
square in panel a). The data point around the mirroring point is
imaged at 173 MHz at 08:23:07 UT (red asterisk in panel a). The
locations of the third branch and mirroring point generally align
with the second branch, largely owing to the projection effect in
the plane of the sky.

From the radio spectrum, we can obtain the crossing time
for the electron beam to propagate from the jet side at 173 MHz
to the mirroring point located in the northwest, ∼7 seconds. As
shown in Figures 5c and d, the displacement of the centroids of
the NRH sources at 173 MHz is approximately 450′′ ∼ 315 Mm.
If the propagation path of the electron beam along the closed
loop can be simplified as a semicircle, we can estimate the aver-
age speed of the electrons to be ∼0.24c (energy ∼15 keV). Due
to the magnetic mirror effect in the magnetic loop, the parallel
velocity of the electron decreases gradually as it propagates to
stronger magnetic field at lower altitudes. This implies that the
above estimate can be taken as a lower limit. The derived beam
energy of ∼15 keV and beyond is comparable to that of the HXR-
emitting electrons, indicating that the type N burst and HXR may
be produced by energetic electrons from a similar acceleration
process. The absence of HXR emission at the second footpoint
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Fig. 4. HXR light curves and imaging of the flare in the duration of radio bursts. (a) ASO-S/HXI count rates of combined total flux detectors
(D92+D93+D94) in three energy channels in the range 15−300 keV. (b) Fermi/GBM HXR flux in five channels in the range 4−300 keV. The red
dashed lines indicate the peak of the curves at 08:23:52 UT. (c) and (d) Contours of HXR sources from HXI, in energy ranges of 15−25 keV
(orange), 20−30 keV (blue), and 30−50 keV (red), overplotted on the AIA 1600 Å and HMI magnetogram images. The contour levels represent
25% and 60% of the maximum. The yellow arrow indicates the positive polarity at the center of the circular ribbon.

is likely due to the fact that most electrons are reflected, leaving
insufficient precipitating electrons to generate detectable emis-
sion within the HXI energy range.

3.3. Type II radio burst and its origin

The type II radio burst is characterized by both fundamental
and harmonic bands with band-splitting and herringbones, as
shown in the radio dynamic spectrum in Figure 6a. It started
around 08:26:20 UT after the SXR peak time and lasted for
about 1.5 minutes. The starting frequency is ∼125 MHz in the
fundamental band and ∼250 MHz in the harmonic band. The
average frequency drift rate of the harmonic band is about
−0.53 MHz s−1. Consequently, that of the fundamental band
is −0.265 MHz s−1. While the drift rate is comparable to that
observed in a similar frequency range (e.g., Su et al. 2015),
it is much faster than the drift rates of type II bursts occur-
ring at lower frequency ranges (e.g., Du et al. 2015). The larger
frequency drift rates observed at higher frequencies can be

attributed to the steeper plasma density gradient in the lower
corona, which results in a more rapid decrease in plasma fre-
quency with increasing height.

The harmonic band splits into two sub-bands, the lower fre-
quency band (LB) and the upper frequency band (UB). The NRH
observed the harmonic band of the type II burst at two frequen-
cies, 173 and 228 MHz, as indicated by the two white horizontal
dashed lines in Figure 6a. We note that the NRH did not provide
imaging at frequencies between 173 and 228 MHz. Here we use
the NRH imaging data with an integration time of 1 s.

We now examine the temporal and spatial evolutions of
NRH radio sources relative to the jet eruption. NRH sources
were overplotted on the AIA 171 Å running-difference and orig-
inal images at four selected times, as shown in Figures 6b1–b4
and c1–c4, respectively. The maximum brightness temperatures
(TBm) of the type II sources are indicated in panels b2–b4.
The centroids of the radio sources are determined by applying
an elliptical Gaussian fit to the 70% contour levels of the TBm.
The uncertainty in the centroid positions should not exceed the
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Fig. 5. Radio spectral and imaging observations of the type N burst (harmonic emission). (a) CSO/CBSm radio spectrum, the type N burst is
outlined by the black dashed curve. The white dashed lines indicate the three NRH imaging frequencies at 150, 173, and 228 MHz. The red
symbols mark the six selected data points shown in panels c and d. (b) Schematic diagram illustrating the generation of a type N burst. The red
arrows indicate the propagation directions of the electron beam, while the blue and green curves represent closed and open magnetic field lines,
respectively. The ellipses on the closed loop correspond to the radio source locations shown in panels c and d. (c) NRH radio sources superposed
on the AIA 193 Å image at three times, as marked by the red dots in panel a. The contours represent 70% of the maximum of each NRH image
and are plotted in blue, red, and cyan at three frequencies (150, 173, 228 MHz), respectively. (d) NRH contours corresponding to the data points
marked by the red diamond, asterisk, and square in panel a. The white curve represents a schematic of the large-scale closed loop. The yellow
arrow points to the position of the jet.

pixel size, ∼30′′. Due to the jet eruption, the closed loops west
of the AR were disturbed. However, the disturbance on the west-
ern loops is very weak and cannot be clearly observed, par-
ticularly in the original EUV images. From the 1 min cadence
EUV running-difference images, we can identify weak signals of
the wave-like perturbation front propagating through the closed
loops, as highlighted by the green curves in panels b1–b4.
Similar jet-induced perturbation fronts can be observed in the
running-difference images in 193 Å and 211 Å wavelengths as
well.

As shown in Figure 6b1, at 08:26:02 UT, before the onset
of the type II burst, the radio sources at both frequencies were

initially located near the flare and jet. In panel b2, at the time
of the UB backbone, the location of the radio source at 228 MHz
shifted to the northwest, coincident with the perturbation front in
the EUV running-difference image. Type II bursts are believed
to be associated with shock waves. This temporal and spatial
coincidence suggests that the observed perturbation induced by
the jet eruption is probably a fast-mode shock. In panel b3, the
radio source at 228 MHz, representing the herringbones drifting
toward high frequencies from the UB, moved toward the south-
east. Compared to the UB backbone source, the herringbones are
probably located downstream of the shock front, consistent with
the physical scenario of herringbones (Holman & Pesses 1983).
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Fig. 6. Radio spectrum and temporal evolution of NRH sources of the type II radio burst. (a) CSO/CBSm dynamic spectrum. The white horizontal
dashed lines indicate the two NRH imaging frequencies, 173 and 228 MHz. The vertical dashed lines indicate the four selected times shown in the
four columns below. The two white dashed curves indicate spectral fitting of the type II burst bands using the Newkirk density model and a shock
speed of 800 km s−1. (b1)–(b4) and (c1)–(c4) AIA 171 Å running-difference and original images overplotted with the NRH sources at 173 MHz
(magenta) and 228 MHz (dark blue). The contours represent 80% of the maximum brightness temperatures (TBm) and the filled circles denote the
centroids of the radio sources from elliptical Gaussian fits. The green curves in panels b2–b4 highlight the wave-like disturbance front. The yellow
arrow in panel c1 points to the closed loops.

Later, the radio source in the background at 228 MHz moves
back to the position of the jet.

The radio sources at 173 MHz are shown in Figures 6b3
and b4, representing the LB (likely herringbones) and the UB
(at a later time), respectively. Both are cospatial with the dis-
turbed loops. The location of the UB at later times moves farther
to the northwest, in line with the propagation of the shock over
time. The likely LB-associated herringbones, drifting toward

lower frequencies from the backbone, are observed to be in the
upstream of the shock front, as expected. Because the LB emis-
sion exhibits patchy bands and is contaminated by the UB emis-
sion, NRH lacks the detection of LB backbone emission for this
event. The intermittent characteristics and bumps of the type II
burst may be attributed to irregular shock fronts as a result of
the inhomogeneity of plasma density in closed loops (Kong et al.
2015; Koval et al. 2023).
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Fig. 7. Time–distance plots showing the propagation of the jet front and jet-induced disturbance along the loops. (a) Two cuts along the jet front
(red) and the closed loop (blue) in the AIA 171 Å running-difference image. (b) Linear fit (red dashed) to the propagation of the jet front. (c)
Propagation speed of the jet-induced wave front (blue dashed).

To further explore the origin of the shock wave and type
II burst, we analyzed the velocities of the jet front and the jet-
induced disturbance along the loops. As shown in Figure 7, we
selected two cuts in the 171 Å running-difference images to con-
struct the time-distance plots, the red line along the direction of
jet eruption and the blue curve along the closed loop. The aver-
age speeds were derived by applying a linear fit, as indicated by
the dashed lines in panels b and c. The speed of the jet front is
∼246 km s−1 in the plane of the sky. If we assume the inclination
angle of the jet relative to the radial direction is 30◦, the corrected
speed will be ∼500 km s−1. In contrast, the jet-induced perturba-
tion front propagated with a speed of ∼880 km s−1, significantly
faster than the jet front.

We also derived the shock wave speed by performing spectral
fitting of the type II burst. Here we apply the Newkik coronal
density model Newkirk (1961),

Ne(r) (cm−3) = 4.2 × 104 × 10
4.32

r , (1)

where r is the radial distance from the solar center in units of R�.
Based on the equation of plasma frequency,

f (MHz) = 8.98 × 10−3
√

Ne(r), (2)

we found that the type II radio spectrum can be nicely fitted with
the shock speed of ∼800 km s−1 (see the white dashed curves in
Fig. 6), generally consistent with that measured from the time–
distance plot of the EUV perturbation front (Fig. 7c). This pro-
vides further evidence that the jet-induced perturbation propa-
gating through nearby closed loops acted as the shock driver
of the type II radio burst. However, it should be noted that this
widely used approach relies on the coronal density model, which
has significant uncertainties, particularly in the lower corona.

Coronal structures, such as streamers and loops, are char-
acterized by closed magnetic fields and high plasma den-
sity, and thus have a lower Alfvén speed than the ambi-
ent corona. The interaction regions between coronal shocks
and these structures have been identified as the source

regions of both type II radio bursts (e.g., Reiner et al. 2003;
Kong et al. 2015; Kouloumvakos et al. 2021; Morosan et al.
2023) and high-energy protons (e.g., Rouillard et al. 2016;
Kouloumvakos et al. 2020; Frassati et al. 2022; Liu et al. 2023),
due to their higher Alfvénic Mach number and the quasi-
perpendicular shock geometry. Using the magnetohydrodynam-
ics model, Morosan et al. (2023) showed that the type II cen-
troids were located in the region with enhanced density inside the
streamer, where the minimum Alfvén speed is only ∼100 km s−1.
Warmuth & Mann (2005) presented an analytical model of the
Alfvén speed in the corona and found regions of minimum
Alfvén speed (thus high magnetosonic Mach number) at about
1.2−1.4 R�, where the Alfvén speed is generally <500 km s−1.
In our event, the starting frequency of the harmonic emission
of the type II burst is about 250 MHz; therefore, we can get
the number density Ne ∼ 2× 108 cm−3 and a height of ∼1.2 R�
from Equations (1) and (2). Considering the typical magnetic
fields in active region loops, B∼ 2−5 G, we can estimate that the
Alfvén speed is about 310−770 km s−1. Compared with the jet-
induced perturbation speed ∼880 km s−1, it yields a fast-mode
Mach number 1.1−2.8. This suggests that the jet-induced per-
turbation can steepen into a fast-mode shock wave within low
Alfvénic coronal loops.

4. Summary and discussion

In this paper we investigated the origin of a type II radio burst
recorded by the CSO/CBSm using multi-wavelength observa-
tions. The type II burst was associated with a C-class flare and a
small jet, in the absence of a CME. During the impulsive phase
of the flare, electrons were accelerated through magnetic recon-
nection and generated HXR footpoint sources cospatial with the
circular ribbons and multiple episodes of type III bursts. A type
N burst was observed in the early impulsive phase, while the
intense type III burst followed by an interplanetary type III burst
occurred around the HXR peak time. NRH imaging shows that
the type II radio sources are cospatial with the wave-like pertur-
bation fronts propagating through nearby loops with a speed of
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∼880 km s−1, instead of being in front of the jet, as observed in
EUV running-difference images. This supports the scenario that
a shock wave can form in jet-disturbed surrounding regions with
a low Alfvén speed, subsequently accelerating electrons to pro-
duce the type II burst. Irregular shock fronts due to the density
inhomogeneity of the loops can explain the bumps and patchy
structures in the type II emission bands.

Currently, there is an ongoing debate regarding the ori-
gin of coronal shock waves that generate metric type II bursts
(Vršnak & Cliver 2008). While they are often associated with
CME-driven shocks, some events may instead be linked to flare-
driven blast waves, jet eruptions, or localized reconnection pro-
cesses. For the type II event in this study, the solar eruption
was a small-scale jet eruption and no clear CME signatures
were detected by LASCO/C2 and STEREO/COR1 coronagraphs
(angular separation of 9◦). We note that this may be attributed to
the active region being located close to the solar disk center, as it
is affected by projection effects and the field of view of the coro-
nagraphs. Previous studies have also reported that some type II
bursts lack CME association (Su et al. 2015; Kumar et al. 2016;
Hou et al. 2023; Kumari et al. 2023; Morosan et al. 2023). This
suggests that there may exist a specific category of metric type
II events at higher starting frequency in which the shock drivers
could be different from wide and fast CMEs, therefore changing
our traditional paradigm of type II bursts. Future studies com-
bining newly developed solar radioheliographs in the meter and
decimeter wavebands are needed to understand the origin and
evolution of coronal shocks.

Despite being associated with a small flare, the event still
produced electrons with energies up to ∼100 keV, as shown by
the Fermi/GBM HXR flux (Fig. 4). This significant phenomenon
was also reported in previous studies. Recently, Chen et al.
(2025) statistically analyzed 1331 C-class flares recorded by
ASO-S/HXI from December 2022 to October 2024. They iden-
tified 127 events as high-energy C-class flares, characterized
by >30 keV HXR emission. The event in our study is one of
them, in which the HXR flux of ASO-S/HXI exhibits a sig-
nal response up to 70 keV. This indicates that despite relatively
weak SXR emission, some C-class flares still possess signifi-
cant capability in nonthermal electron acceleration. Microflares
were shown to efficiently accelerate electrons to high energies
under specific magnetic field conditions (Ishikawa et al. 2013;
Battaglia et al. 2024). For instance, Battaglia et al. (2024) noted
that these small flares are typically rooted in sunspots where
strong magnetic fields can provide ample energy for magnetic
reconnection. However, the specific acceleration mechanism for
each individual event requires in-depth analysis.

Our observational results support the fan–spine magnetic
topology in the active region. Magnetic reconnection can there-
fore occur at the coronal null point and near the polarity
inversion line where magnetic flux cancellation and shear are
observed. During the flare impulsive phase, a fraction of the
accelerated electrons propagated outward along the closed filed
lines, generating the type N burst and intense type III burst; the
other fraction precipitated into the chromosphere, producing the
footpoint HXR sources, accompanied by brightening of circular-
ribbons in EUV 1600 Å. However, with limited observations of
this flare event, it is challenging to determine the exact timing
and location of magnetic reconnection and electron acceleration.

Following the onset of the type II radio burst, the
Fermi/GBM detected an increase in the 10−25 keV energy range
around 08:27 UT (Fig. 4), but no corresponding increase was
observed by ASO-S/HXI and no associated HXR source was
identified. Recently, Li et al. (2021) explored the possibility that

high-energy electrons accelerated by flare reconnection may
be further accelerated by CME-shocks. Through interchange
reconnection, some flare-accelerated electrons could move to the
vicinity of the shock region and be further accelerated, thereby
contributing to the generation of type II radio bursts and solar
energetic electron events. Based on the current observations, it
remains unconfirmed whether the GBM flux enhancement is
related to electrons accelerated by the jet-induced shock. As seen
from the animation, after the onset of the type II burst, the flare
ribbons continued to brighten and expand, indicating that mag-
netic reconnection was ongoing. Therefore, the increase in GBM
flux may be related to the continuous acceleration of electrons by
reconnection during the jet eruption process.

Data availability

Movie associated to Fig. 2 is available at
https://www.aanda.org
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