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The radio emission from the Sun covers a very wide frequency band ranging from
several hundreds of GHz (sub-millimeter wavelength) down to sub-MHz (kilometer wave-
length). Generally, radio emissions at different frequencies come from different layers of
the solar atmosphere: sub-millimeter waves may come from the photosphere, millimeter
waves from the chromosphere and transition region, centimeter–decimeter waves from
the lower corona, meter-wave emissions from the higher corona, and decameter–kilometer
waves from the interplanetary space [1–3]. At the same time, solar radio emissions with
different spectral patterns may be produced by different physical processes, such as thermal
bremsstrahlung, cyclotron emission, non-thermal synchrotron emission, coherent plasma
emission (PE), and electron cyclotron maser emission (ECME) [4–9]. They are very sensitive
to particle acceleration and propagation, plasma instabilities, magnetic fields and their
variations, magnetic reconnections and the violent energy releases, various scales of plasma
ejections and shock waves, etc. [10–14]. Therefore, solar radio observations can be applied
to diagnose magnetic fields in the very hot and dilute coronal atmosphere to reveal the
mystery of coronal heating, detect energetic particle acceleration and propagation, explore
the origin of solar violent eruptions (flares, CMEs, jets, etc.) and track their temporal and
spatial evolutions, and provide crucial information for predicting disastrous space weather
events [14–16].

Recently, a series of advanced solar radio telescopes were put into operation and
have already obtained a large amount of observational data. These new instruments
include MUSER, EVOSA, SRH, LOFAR, MWA, ALMA, and PSP [17–22]. Through their
high-sensitivity and high-resolution solar radio observations, we have the opportunity to
give new explanations to the above important problems, discover new physics knowledge,
and make new scientific breakthroughs. In order to exhibit the most recent progress,
we established this Special Issue of Universe, “Solar Radio Emissions”, in 2022. This
Special Issue has collected a total of seven papers, including two review papers, two
communications, and three research articles (see the list of contributions). It covers the
spectral fine structure classification of solar radio bursts, quasi-periodic pulsations (QPPs),
the diagnosis of plasma parameters in the source region, radio signals of dark matter axions,
and millimeter-wave radiation in the solar transition regions.

Alissandrakis et al. (contribution 1) reviewed the results of a series of observations
of high-sensitivity, low-noise dynamic spectra obtained with the acousto-optic analyzer
(Spectrographe Acousto Optique-SAO, 270–450 MHz) of the ARTEMIS-IV/JLS solar ra-
diospectrograph, in conjunction with high-time-resolution images from the Nançay Radio-
heliograph at five frequencies (164, 236.6, 327, 410.5, and 432 MHz). They reported the fine
structures embedded in type-IV burst continua (spikes and fibers) and spike-like structures
detected near the front of type-II bursts, and summarized their spectral parameters, such
as the duration, bandwidth, and frequency drift rate. Through a combined analysis of SAO
and NRH observations, they found the type-II-associated narrow-band spikes constituted
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the predominant radio signature of the MHD shocks. The similar spectral parameters of
type-II and type-IV spikes indicate that they could be produced by similar emission pro-
cesses as type-IV spikes. They are the signature of energetic electrons accelerated by MHD
shocks. With the emission model of fibers and the proposed density model, they presented
an estimate of the magnetic field of the source and the scale along the exciter path.

The paper by Karlicky and Rybak (contribution 2) applied radio spectra to analyze a
group of high-frequency type-III bursts, and found a multi-periodicity of these bursts that
is interpreted by the electron beams accelerated in the fragmented magnetic reconnection
in the rising magnetic rope. They proposed that each period in these type-III bursts is a
result of the periodic interaction of sub-ropes formed in the rising magnetic rope. In each
interaction, the period depends on the diameter of interacting sub-ropes and local Alfvén
velocity. They also found that the flare deviates from the standard flare model, where the
main magnetic reconnection is located below the rising magnetic rope. The paper by Xu
et al. (contribution 3) reported a QPP with period of 40 s at soft X-ray, hard X-ray, radio, and
UV wavelengths. Based on the SDO/AIA observation, QPPs seem to originate from the
flare ribbons, the peaks of fast-varying components correspond to the bright spots on two
ribbons, and the period of QPPs is closely related to the separation of flare ribbons. These
observations tend to support the mechanism of periodic non-thermal electron injection
during flare eruption. QPP is a very important signal of the physical processes related to
solar eruptions.

One important aspect for understanding solar phenomena is to obtain the source
conditions from observations. The paper by Zaitsev and Stepanov (contribution 4) proposed
the diagnostics of plasma density, temperature, electric current, radius, loop-top altitude,
and loop volume in flare loops using the data of multi-wavelength observations in both
shrinkage and expansion phases of the flare loops. The paper by Chen et al. (contribution
5) proposed a new classification for solar radio spectra from the Swin Transformer method.
Experiments show that the self-attentive mechanism can extract the global features of
images well, which gives the model a strong generalization ability and greatly improves
model classification. It is more accurate than previous methods. The observations of radio
spectral observations contain abundant information on the emission process. The analyses
of radio spectral observations and their models provide more detailed information on the
plasma process in solar activities. Through a joint study with imaging data, we could learn
more information on the emission process, which would help us understand the physics of
various solar phenomena.

What and where is dark matter? This is a big question in modern physics. Recently,
many researchers proposed that ultralight axions and dark photons are well-motivated
dark matter candidates. Inside the plasma, once the mass of ultralight dark matter particles
matches the plasma frequency, they will resonantly convert into electromagnetic waves
due to the coupling between the ultralight dark matter particles and the standard model
photons. The converted electromagnetic waves are monochromatic. The paper by An et al.
(contribution 6) reviewed the development of using radio detectors to search for ultralight
dark matter conversions in the solar corona and solar wind plasmas.

Many crucial questions, including those regarding coronal heating, solar eruptions
(flares, CMEs, and various scales of jets), and the origin of solar winds, are closely related
to the physical processes in the solar transition region, especially non-thermal processes.
However, so far, there has been almost no observation of non-thermal processes in the
transition region, and millimeter-wavelength broadband dynamic spectrum observation is
almost an unique approach. Therefore, we propose a millimeter-wave dynamic spectrum
observation scheme with ultra-wideband and very-high-time–frequency resolutions (space-
based SUBMS plan with frequency of 20–100 GHz, and a ground-based tested Sub-SUBMS
plan with frequency of 20–35 GHz), which will open a new avenue for the study of the
important questions mentioned above (contribution 7).

Although the content of this Special Issue does not cover all aspects related to solar
radio emission, it does present as many important advances in the field of solar radio
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astronomy as possible, which can provide valuable references for researches in solar
physics, astrophysics, and space science.
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