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ABSTRACT

One of the most important tasks in solar physics is the study of particles and energy transfer from the lower corona to the outer layers
of the solar atmosphere. The most sensitive methods for detecting fluxes of non-thermal electrons in the solar atmosphere is observing
their radio emission using modern large radioheliographs. We analyzed joint observations from the 13 April 2019 event observed
by LOw-Frequency ARray (LOFAR) at meter wavelengths, and the Siberian Radio Heliograph (SRH) and the Badary Broadband
Microwave Spectropolarimeter (BBMS) spectropolarimeter in microwaves performed at the time of the second PSP perihelion. During
a period without signatures of non-thermal energy release in X-ray emission, numerous type III and/or type J bursts were observed.
During the same two hours we observed soft X-ray brightenings and the appearance of weak microwave emission in an abnormally
narrow band around 6 GHz. At these frequencies the increasing flux is well above the noise level, reaching 9 sfu. In the LOFAR
dynamic spectrum of 53−80 MHz a region is found that lasts about an hour whose emission is highly correlated with 6 GHz temporal
profile. The flux peaks in the meter waves are well correlated with extreme UV (EUV) emission variations caused by repeated surges
from the bright X-point. We argue that there is a common source of non-thermal electrons located in the tail of the active region,
where two loop systems of very different sizes interacted. The frequencies of type III and/or type J bursts are in accordance with large
loop heights around 400 Mm, obtained by the magnetic field reconstruction. The microwave coherent emission was generated in the
low loops identified as bright X-ray points seen in soft X-ray and EUV images, produced by electrons with energies several tens of
keV at about twice the plasma frequency.
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1. Introduction

One important task connected with the corona heating problem
is exploring the physical mechanisms that produce, accelerate,
and transport energetic particles in the upper corona. Imaging
spectroscopy of meter type III bursts provides us with a pow-
erful tool for diagnostics of non-thermal electron fluxes moving
along magnetic lines in the upper corona. Due to the coherent
emission mechanism, weak electron beams can produce signif-
icant radio flux, and imaging of type III (types J and U bursts)
can be use to trace open and closed magnetic flux tubes in the
upper corona (e.g., Reid & Kontar 2017a). Since the radiation
frequency is proportional to the square root of the local plasma
density (Ginzburg & Zhelezniakov 1958), spectral observations
make it possible to estimate the height of the emitting structures
if the density dependence on height is known.

The spatial and spectral evolution of type III bursts has been
studied for many decades (see one of the latest reviews by Reid
2020 and references herein). Mainly, the magnetic connectivity
between the sources of meter emission in the upper corona and
electron acceleration sites in low corona are studied using the
temporal correlation between hard X-ray (HXR) bursts and type
III emission (Kane 1972; Aschwanden et al. 1995; Reid et al.
2014; Reid & Vilmer 2017). It was found that type IIIs are com-
monly associated with jets in extreme ultraviolet (EUV) and
X-rays (e.g., Krucker et al. 2011). The results suggest that escap-

ing non-thermal electron events are often associated with the
interchange reconnection scenario of energy release when recon-
nection occurs between open and closed magnetic field lines at
heights of 5−10 Mm (Cairns et al. 2018).

Active regions typically emit at meter wave emission dur-
ing their lifetimes, known as radio noise storms, thought to be
associated with non-thermal electrons continuously accelerated
to relatively low energies. The small energy release events can be
completely silent in observable HXR emission, yet produce type
III bursts. For example, type IIIs can be generated even during
such faint events as bright points (see the review by Reid et al.
2014). The data on meter bursts were first used by Kundu et al.
(1994) as evidence of electron acceleration in the faint energy
release processes in the low solar atmosphere.

As a rule, the faint transient events in the low corona and the
transition layer are seen in microwaves due to bremsstrahlung
of the heated plasma at frequencies above 10 GHz (White et al.
1995). In some events the number and energy of non-thermal
electrons accelerated during low C-class flares is sufficient to
generate broadband gyrosynchrotron emission. The spectrum
overturn frequencies are of several GHz, and there is a response
in HXR emission. A recent study with the high-sensitivity
48-antenna Siberian Radio Heliograph (SRH) showed that the
main flux contribution is provided by bremsstrahlung and the
non-thermal electrons are observed during the first minutes of
microflares (Altyntsev et al. 2020).
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On the other hand, the most sensitive diagnostics of non-
thermal electrons is the coherent radio emission due to the
excited plasma turbulence. The long-lasting abnormally narrow
band emission in an active region was observed with the high-
sensitivity RATAN-600 (Yasnov et al. 2003). The brightness
temperature was 2×107 K at frequency 5−6 GHz. The authors
suggest that a model with second harmonic emission resulting
from the wave–wave coalescence process of two upper-hybrid
modes explains the observed spectrum well. The sufficient level
of plasma turbulence can be generated by the electrons with
pitch-angle anisotropy and energy of several keV (Zaitsev et al.
1997).

Recently, an unusual narrowband radio emission in the
5−7 GHz band originating from the weak X-ray bright point on
13 April 2019 was discussed by Altyntsev et al. (2022). This
event was observed during the second Parker Solar Probe per-
ihelion. An analysis showed that characteristics of the spectrum
of microwave emission indicated a coherent emission mecha-
nism produced by electrons trapped in low coronal loops. The
coherent emission was generated by electrons with energies of
several tens of keV at the harmonic of the plasma frequency. In
addition, numerous bursts were observed by LOFAR over this
time. The goal of this study is to find the response in the upper
corona to the X-ray point appearance using the observations of
type III and/or J bursts at meter wavelengths.

2. Instrumentation

Coronal type III bursts were recorded by the LOw-Frequency
ARray (LOFAR, van Haarlem et al. 2013) in tied-array mode.
The observations were made using the LOFAR low-band
antenna (LBA) between 80 and 30 MHz with a sub-band width
of 0.192 MHz and a time integration of approximately 0.01 s.
We then integrated the time resolution to approximately 0.1 s to
improve the signal-to-noise ratio.

The solar disk imaging was performed with the 48-antenna
prototype of the Siberian Radio Heliograph at five frequen-
cies: 4.5, 5.2, 6.0, 6.8, and 7.5 GHz with 8.4 s time cadence
(Lesovoi et al. 2012, 2017). The interferometer maximum base
was 107.4 m, and the SRH beamwidth was up to 100 arcsec
and varied inversely with frequency. To measure the microwave
emission spectrum, we used data of the Badary Broadband
Microwave Spectropolarimeter (BBMS; Zhdanov & Zandanov
2011) with a 4−8 GHz range of received frequencies.

To locate soft X-ray (SXR) sources we use data from
the X-Ray Telescope (XRT; Golub et al. 2007) on Hinode
(Kosugi et al. 2007). The XRT is sensitive in the energy band
from ∼0.15 to more than 3 keV and can detect emission from
plasma with temperatures from ∼1 MK to several tens of MK.

Data on spectral and spatial characteristics of EUV emission
lines were obtained at the Solar Dynamics Observatory (SDO;
Pesnell et al. 2012). Images of the full solar disk were recorded
every 12 s with the Atmospheric Imaging Assembly (AIA;
Lemen et al. 2012) with 0.6 arcsec resolution. In our work, we
used vector magnetograms obtained with the Helioseismic and
Magnetic Imager (HMI; Scherrer et al. 2012; Schou et al. 2012)
aboard the Solar Dynamics Observatory.

3. Observations

Co-temporal dynamical spectra of radio emission recorded on
13 April 2019 in meter and microwave waves are shown in
Fig. 1. The numerous short bursts cover the receiving band of
the LOFAR (panel a) during the interval 05:43:30−07:39:59
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Fig. 1. Dynamic spectra on 13 April 2019, recorded by LOFAR (a)
and BBMS in microwaves (b). The box in panel (a) with the bounds
at 05:45:15 and 06:56:40 gives the spectrum region for which there
is a high cross-correlation coefficient with the microwave emission at
6 GHz. The vertical dash-dotted, dashed, and dotted lines indicate the
three time intervals used in Fig. 4. The vertical dash-three-dotted lines
restrict the time interval for which the highest correlation coefficient
was found.

of common observations with the BBMS spectropolarimeter.
Panel b presents the dynamic spectrum recorded by the BBMS
in the microwave range 4−8 GHz. To highlight radiation bright-
enings, the quiet Sun emission was excluded in the dynamic
spectrum. There are two reliable brightness enhancements up to
9 sfu at frequencies 4.5−7.5 GHz. The duration of these bright-
enings is 15−20 min. There are also brightness enhancements at
frequencies above 7.5 GHz starting at 06:40 and lasting up to
the end of the common observations. An inspection of the meter
and microwave panels shows that the first enhancement around
6 GHz can be correlated with an emission activity at a high-
frequency part of the meter dynamic spectrum, and the second
can be linked with meter emission increase in the low-frequency
part of the spectrum.

At the beginning of the first brightness enhancement, the
SRH images at 6.25 GHz were available, allowing the localiza-
tion of the emission source in the lower corona. It was shown
by Altyntsev et al. (2022) that the first microwave brightening
was generated by non-thermal electrons trapped in the short low
coronal loop seen in the soft X-rays as a coronal X-point. The
microwave flux is weak, but is sufficient to measure the spectrum
at the peak of 6 GHz temporal profile (Fig. 2). The background
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Fig. 2. Microwave spectrum calculated as the difference between spec-
tra at 05:45 and 05:58. The bars show the level of noise on the flux
profiles.

Fig. 3. Profiles for time interval (bounded by vertical dashed lines) for
which the cross-correlation coefficient between meter and microwave
emission reaches 0.72. (a) Flux at 6 GHz (normalized, red curve) and
time dependence of the meter flux, integrated over the frequency range
71 ± 0.5 MHz (black solid line). Before 05:45:15 the SRH correlation
(blue curve) is shown. (b) Same, but for the meter flux, integrated over
frequency range 53−80 MHz (black solid line). The 1 min smoothing
window is used. (c) 1−8 Å GOES channel (solid curve), smoothing with
10 s window. (d) 304 Å profile (red solid line) and 171 Å profile (blue
solid line) of the emissions summed over the pink frame and over the
green frame (dash-dotted and dashed lines) in Fig. 5b.

emission at 05:45 is subtracted here. The microwave spectrum is
unusually narrow with a band of 6±1 GHz with very steep slopes
at low and high frequencies. The narrowness of the microwave
spectrum indicates a non-thermal radiation mechanism.

Temporal profiles of meter and microwave radiation dif-
fer significantly in variability on small timescales (Fig. 3a). It

is seen that the microwave profile is smooth in comparison
with the meter profile. Thus, the response to microwave-emitting
electron fluxes is not related to the intensity of individual meter
bursts, rather to the frequency of their repetition. To find whether
the electron acceleration in the vicinity of the X-ray coronal
point contributed to the generation of the meter bursts, we per-
formed a cross-correlation analysis between profiles of 6 GHz
emission and of the frequency-averaged dynamic spectrum over
the LOFAR receiving bandwidth. For the analysis we used the
profile smoothing with a 1 min window in both frequency ranges.
The cross-correlation coefficient calculated for the whole inter-
val of the LOFAR observation is ∼0.35. To locate the time-
frequency region with the highest temporal similarity to the
6 GHz profile, we decreased successively the time interval and
frequency range of the LOFAR dynamic spectrum used for the
cross-correlation calculations. In this way we found a frequency-
time region of the meter dynamic spectrum, where the cross-
correlation of the frequency-average spectrum profile of this
region with the corresponding 6 GHz profile has an extreme
whose value reaches 0.72.

The best similarity is thus achieved for the LOFAR dynamic
spectrum restricted by the frequency range 53−80 MHz and dur-
ing the interval from 05:45:15 till 06:48:10. This region is indi-
cated by the box in Fig. 1a. The cross-correlation coefficient of
the LOFAR selected box with an average microwave profile over
the range of 5−7 GHz is also high and exceeds 0.7. The high
cross-correlation suggests a common origin of a large part of the
electron population that generates the radio emission in the lower
and upper corona. Calculations of the cross-correlation between
the 6 GHz profile and profiles at individual LOFAR frequen-
cies show that the coefficient is at a maximum of 0.82 at about
70 MHz and rapidly drops at frequencies below 50 MHz. In addi-
tion, the cross-correlation coefficient depends on the degree of
smoothing of the meter emission profile. It grows rapidly with
an increase in smoothing length up to 1 min, and then its value
remains almost constant.

Each individual burst lasts 2−5 s and they occur at a rate
of 3−15 per min. In the first part of the selected time interval,
brightenings are observed in the beginning of both dynamic
spectra, and the frequency about 50 MHz corresponds to the low-
frequency boundary in the bright region in the meter dynamic
spectrum. To show the properties of the meter bursts, the spec-
tra are shown in two-minute intervals around the maximum
intensity in microwaves and at the time of meter wave emis-
sion (Fig. 4). The trajectories of drifting bursts in the first inter-
val (panel a) show that there are a number of type III bursts
drifting from 70 to 80 MHz down about 50 MHz and indicating
the appearance of unstable electron beams propagating into the
upper corona. The drift rate of bursts is around 10 MHz s−1 and
the type III bursts occur every several seconds. The abrupt stop
of the radio bursts at frequencies below 50 MHz strongly indi-
cates the existence of J-bursts, where the exciting electron beam
reaches the highest altitude of a closed magnetic structure and
stops producing radio emission (Haddock 1959; Takakura & Kai
1966; Ledenev 2008; Reid & Kontar 2017b). At late times of
the selected spectral box, meter bursts occur less frequently, and
J-type bursts with frequencies down to 50−60 MHz are observed.
The J-bursts are observed at lower frequencies later (panel c),
when the meter bursts occur at only a few times per minute.

The time profile at 6 GHz, measured with the SRH (blue
curve, until 05:45:15) and BBMS (red), and the LOFAR profile
averaged over the selected spectrum region are shown in Fig. 3b.
The bounds of the interval with the high cross-correlation coeffi-
cient are shown by the dashed lines. In Fig. 3, the vertical dotted
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Fig. 4. Extended meter dynamic spectra
at two-minute intervals indicated by the
vertical dash-dotted, dashed, and dotted
lines in Fig. 1a. The horizontal dashed
lines show the frequency bound of the
selected box.

lines mark the prominent peaks on the LOFAR profile, which
correspond to an increase in the occurrence of type III and/or J
bursts. Flux enhancements lasting about 15 min are observed at
the beginning of the interval in both frequency ranges. After-
ward the intensities gradually subside and experience small
enhancements with a period of about 15 min. As follows from
Figs. 3a and b, the frequency of occurrence and the intensity of
meter bursts grow together with the growth of microwave radia-
tion. However, the microwave radiation profile is smoother and
decays more slowly. This behavior indicates that with the general
origin of accelerated electrons, microwave radiation is generated
not by electron beams during their propagation, but by electrons
captured in magnetic loops.

During this interval there are the co-temporal enhancements
in the soft GOES flux (Fig. 3c). However, there was no notice-
able responses in the GOES 0.5−4 Å channel and the hard
X-ray emission recorded by the Fermi Gamma-ray Burst Mon-
itor (Meegan et al. 2009). In the following we concentrate our
study on the interval with the first soft X-ray enhancement and
the more intensive radio emission.

There is one active region (NOAA 12738) on the solar disk
(Fig. 5a) on 13 April 2019. The LOFAR imaging confirms that
this active region can be the source of electron fluxes generat-
ing the meter bursts. The event was observed in the morning by
LOFAR, causing the LOFAR angular diagram to have a rela-

tively wide beam. Moreover, the apparent position of the source
on the solar disk is significantly affected by the electromagnetic
wave refraction in the Earth’s ionosphere. Therefore, the con-
tours are plotted at 06:48 when the Sun is higher in the sky. These
circumstances do not make it possible to precisely locate the
injection position of accelerated electrons into the upper corona.

The magnetic structure of the active region consists of a
large leading S-polarity sunspot and a mixture of small mag-
netic patches of different signs, distributed over the trailing part
of the region (Fig. 5b). The two temporary brightenings of soft
X-ray radiation, seen on the light curves in Fig. 3c, allows us to
localize their sources using the Hinode/XRT imaging. There are
loops of different sizes and two bright patches A and B at the
times of the soft X-ray brightening. The Be-thin images at 06:04
and 06:24 show that the structure of the SXR sources does not
change in time other than at these two patches. Patch A includes
a short loop with distance of ∼20 arcsec between the footpoints
and width of ∼4 arcsec, which is the brightest X-ray source dur-
ing the first soft X-ray increase. Therefore, we believe that the
main energy release source is located near patch A at this time.
During the second increase, patch A became faint and patch B
became brighter (see the box in the upper right corner of Fig. 5b).

The microwave images at 6.25 GHz in intensity and polariza-
tion were available during the first enhancement up to 05:44:49.
In intensity and left-hand polarization the brightness temperature
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Fig. 5. Images on 13 April 2019. (a) Solar disk at 171 Å (SDO/AIA) and contours of brightness temperature at 50, 60, 70 MHz at half height at
06:48; (b) AR 12635 in soft X-rays (XRT/Hinode) at 06:04 and 06:24 (box in the upper right corner) together with the line of sight magnetic field
component (±100, ±300, ±1000, ±1500 G). Red and blue contours show positive and negative components, respectively. White contours at (0.2,
0.5, 0.9)×0.6 MK corresponds to brightness temperature at 6.25 GHz (SRH) in intensity at 05:44:49. The SRH beam width is 52×35 arcsec. Black
solid and dashed contours indicate the brightness temperature in the right and left polarization, respectively. The levels are (0.5, 0.7)×2.8×104 K
and −(0.7, 0.5)×1.6×105 K. The pink and green frames bound the frames for the 171 Å and 304 Å profiles in Fig. 3c.

contours cover the main sunspot, but the weakest intensity con-
tour is shifted toward patch A. In the right polarization there are
two sources at the footpoints of the large loops. In patch A the
polarization degree reaches 30%. The northeastern right polar-
ized source coincides with loop A. Thus, this place corresponds
to the source of the non-thermal microwave emission in the low
corona.

The temporal dependences of the 171 Å and 304 Å fluxes
summed over the frames around patches A and B are shown
by the blue and red curves in Fig. 3d. There are also two inten-
sity enhancements co-temporal with the soft X-ray profile (panel
c). Patch A is bright during the first enhancement only (solid
curves), but the EUV emission in patch B increases mainly at the
second soft X-ray enhancements. We note that during the second
brightening the relative flux of low-energy radiation in the He II
line increases relative to the flux in the Fe IX line. Thus, the
energy release process is weaker in patch B.

The EUV images were considered by Altyntsev et al. (2022).
They were seen as short filaments at patch A with the X-ray
loop. During the interval under study, some filaments repeatedly
erupted and provided the three peaks of 171 Å emission. The
high temporal correspondence of these peaks in the LOFAR and
EUV curves in Figs. 3a, b, and d shows that the emitting elec-
trons escape to the upper corona from the vicinity of the bright
point A. During the last marked peaks of meter radiation, the
flux from patch A is relatively high, but the co-temporal EUV
peaks do not stand out noticeably.

4. Discussion

The high sensitivity of the LOFAR radio telescope made it pos-
sible to record a series of drifting bursts during the period with-
out signatures of electron acceleration in X-ray emission. In
these two-hour common observations with the SRH, signatures
of electron acceleration in the low corona have also been found
in the microwave emission. We were unable to find correspond-
ing radio bursts in intermediate frequency observations, perhaps
due to the lack of sensitivity of available facilities such as the
Culgoora and Learmonth spectrographs.

Another interpretation could be due to microwave emis-
sions and coherent metric emissions being produced by elec-
trons accelerated in multiple reconnection sites connected by
common magnetic field lines. In this case the reconnection in
low-lying loops will produce energetic electrons responsible for
the microwave radiation, but can also trigger a secondary recon-
nection at higher altitude responsible for the type III and/or J
producing electron beams (see, e.g., Benz et al. 2005).

Altyntsev et al. (2022) show that the microwave emission in
the band 5−7 GHz was generated by a relatively small number
of accelerated electrons, trapped in the loop, linked with bright
X-ray point A. Their X-ray radiation was below the sensitiv-
ity thresholds of the 0.5−4 Å GOES channel and FERMI sen-
sors. The observed intensity and narrow band of the spectrum
can be provided by coherent emission from electrons with ener-
gies above several tens of keV at the second harmonic plasma
frequency, due to the excitation of upper hybrid waves in the
loop through pitch-angle anisotropy of non-thermal electrons.
This mechanism was proposed by Zaitsev et al. (1997) and was
used for the interpretation of the decimetric long-term emission
of active region by Yasnov et al. (2003).

It was found that an increase in the occurrence rate of meter
bursts in the band 53−80 MHz was highly correlated with the
microwave temporal behavior and is caused by long-term energy
release near the bright X-ray point A. The peculiarity of this
point follows from the calculations of the neutral line of the
radial magnetic field component at the different layers above
the photosphere (Altyntsev et al. 2022). Small-scale magnetic
patches with mixed polarity disappear with height, while the
inclusion of the positive polarity near the eastern footpoint of
loop A and about 20 arcsec eastward from the major negative
sunspot remains clearly distinguishable up to 6 Mm. Between 6
and 9 Mm it becomes completely overlapped by negative polar-
ity, indicating the presence of a null point in this region and pos-
sibility of reconnection. A similar magnetic configuration occurs
in the vicinity of point B, which brightens in soft X-rays and
EUV emission later but does not provide a large increase in type
III burst activity in the meter wavelengths. In case B a nega-
tive magnetic inclusion is located amid dominating positive mag-
netic polarity. The magnetic flux anchored to the inclusion has
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Fig. 6. Reconstruction of magnetic structure of AR 12635 in higher (a) and lower (b) spatial resolution. The thick dashed line circumscribes the
computational domain. The violet contours represent a neutral line at a height of 1 Mm (a) and 3 Mm (b). The gray background is the soft X-ray
image at 06:04 UT (a) and the radial component of the photosphere magnetic field (b). The XRT image was displaced by 20 arcsec to the east and
15 arcsec to the south.

more scattered structure, and its traces disappear at the height of
3 Mm.

Figure 6a represents the configurations of magnetic field
lines anchored near points A and B. The configurations are
calculated in a potential-field approximation for a uniform
grid of [250×400×250] (length, width, height) nodes with a
spatial resolution of 1 Mm. SDO/HMI vector magnetogram
for 13 April 2019, 5:48 UT was used as input boundary
conditions. Pi-ambiguity was removed using the method by
Rudenko & Anfinogentov (2014). To study the magnetic field
structure around the positive polarity inclusion and the bright
XRT loop we assumed local non-potentiality of the magnetic
field and performed a nonlinear force-free field (NLFFF) recon-
struction in the small subvolume (30×30×4 Mm) near point A
(purple lines in Fig. 6a). For this purpose we utilized the opti-
mization method developed by Wheatland et al. (2000) in the
implementation by Rudenko & Myshyakov (2009). During the
interval under study there were no notable changes in the mag-
netic configuration.

Potential-field extrapolation reveals that magnetic configura-
tions in the vicinity of points A and B have a similar topology.
In each case the small-scale magnetic flux, anchored to the mag-
netic inclusion, is overlapped by the relatively large-scale mag-
netic flux (traced by red and green lines in Fig. 6a), anchored
to the surrounding magnetic polarity. Small-scale magnetic field
lines near point A obtained in the NLFFF approximation (col-
ored in purple) correspond to the bright feature in the XRT
image.

Figure 6b represents magnetic field lines of the large-scale
potential-field configuration, computed in spherical geometry
for a uniform grid with a spatial resolution of 3 Mm. The
physical size of the computational domain is 700×700 Mm
on the photosphere with a height of 700 Mm. The blue lines
anchored near the eastern footpoint of the A loop have a
height of up to 400 Mm, comparable to height estimates of
type III and/or J-bursts at frequencies down to 50 MHz (e.g.,
the lower end of the coronal loops in Reid & Kontar 2017a).
Brown field lines are connected to the upper boundary of the
computational domain, and are therefore considered open field
lines.

The vertical components of the magnetic field vectors of the
large and small loops are anti-parallel at closely spaced regions,

which creates favorable conditions for magnetic reconnection.
This is referred to as “interchange reconnection” if a field line
that is open to interplanetary space switches the location of
its photospheric footpoint (Cairns et al. 2018). The continuous
reconnection occurs in the current sheet that forms between the
new and old flux. In the reconnection process, the plasma density
increases and plasma particles are accelerated by electric fields.
Post-reconnection field lines take the shape of a small hot loop
and field lines that are open to interplanetary space. Observations
show that such magnetic reconfigurations can repeatedly occur
due to mini-filament eruptions. Similar repetitive rising filaments
have been observed in UV image sequences (Sterling et al.
2015). In the vicinity of point B, where the burst of soft
X-ray and ultraviolet radiation was observed about 20 min after
the burst at point A, the formation of short eruptive loops was not
observed.

5. Conclusion

As part of ground support for the Parker Solar Probe space mis-
sion, a long series of observations were carried out by LOFAR
during periods of low solar activity. It is shown that the electron
source of a series of type III and/or J bursts in the frequency
range 50−80 MHz is the interaction of two loop systems with
significantly different lengths. The common base of the loops is
rooted at the location where small-scale opposite polarity mag-
netic patches mix and close to the larger dominant polarity.
Accelerated electrons then move along large loops with a radius
of the order of the Sun’s radius, and are emitting in the meter
range due to coherent plasma emission. Microwave emission can
be generated by other parts of the non-thermal electrons in the
low loops. The spectrum of microwave emission is abnormally
narrow and indicates a non-thermal origin. Thus, the use of large
multiwave radioheliographs makes it possible to reveal non-
thermal processes in the solar corona not only in weak flares,
but also in transient events. The combination of cross-correlation
analysis of the temporal profiles of radio emission from the lower
and upper corona with the localization of sources makes it possi-
ble to verify the methods of reconstruction of coronal magnetic
fields.
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