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Abstract. The solar minimum is a period with a rela-

tively smaller number of sunspots and solar eruptions, and 

has been less studied before. Since the radio signal rapidly 

responds to the change of solar plasma and magnetic field, 

we perform  a comprehensive analysis of high resolution 

spectrum data from SBRS and MUSER: 1) a search for 

solar radio bursts of different kinds in recent solar min-

ima (2007–2009 and 2016–2018); 2) an analysis of sev-

eral typical radio burst events, negative and positive 

drifting bursts, for example the November 22, 2015 and 

August 29, 2016 events; superfine spectral structure 

events with mini-flares and even without sunspots, for 

example the March 28, 2008 and July 04, 2017 events. 

These results show that there were many radio bursts 

with a fine structure during solar minima. These events 

occurred not only in powerful flares, but also in faint 

flares (class C and B by GOES) or even without flares, 

but in regions related to weak brightenings or ejecta. We 

assume that the weak solar radio bursts observed by 

telescopes with high sensitivity and low interference 

will help us to understand the basic physical characteris-

tics of small-scale solar eruptions. 

Keywords: solar minimum, flare, radio burst, spec-

trum, fine structure. 

 

 

INTRODUCTION 

In recent years, the study of solar minima has mainly 

focused on solar activities [Lingri et al., 2016], magnet-

ic field characteristics [de Toma et al., 2000], etc. With 

a series of high performance solar instruments devel-

oped, it has been found that there are many small-scale 

eruptions in solar minima. The solar dynamo shows that 

features of magnetic activity at solar minimum are like-

ly to determine the intensity and duration of the next 

solar cycle [Tan, 2019]. The study of the radio emission 

at solar minimum mainly focuses on characteristics of 

radiation of the quiet Sun, paying little attention to non-

thermal explosion phenomena. A reason is that there are 

few active regions, weak magnetic fields, and radio 

bursts during solar minima. Tan et al. [2013] have ana-

lyzed all observations made with the China Solar 

Broadband Radio Spectrometer (SBRS) [Fu et al., 1995, 

2004; Ji et al., 2000] from 1997 to 2011. It has been 

found that only flares above M4.0 class are accompa-

nied by microwave bursts by 100 %. Some low-class 

flares occur without microwave bursts. There are few 

radio bursts recorded in 2008–2009. On the other hand, 

the instrument is sensitive to electromagnetic interfer-

ence. In the data analysis, it is difficult to distinguish 

weak bursts from interference. Recently, we have tried 

to improve data processing methods and software [Chen 

et al., 2016], gained more experience in identifying 

weak bursts from interference signals. When analyzing 

high resolution observation data during the solar mini-

ma, more bursts have been found. It has been estab-

lished that radio bursts and superfine spectral structures 

still occur in a mini-flare or weak magnetic field region. 

There are many studies [Altyntsev, 2007, 2008; Cher-

nov, 2006, 2011] of the radio fine spectral structures 

which happen during strong solar flares. Zhdanov and 

Zandanov [2015] have found that fine structures are 

detected both during solar flares accompanied by mi-

crowave broadband emission and during weak solar 

flares when the microwave broadband emission is ab-

sent. Thus, we try to study radio fine spectral structure 

events during solar minima because there are almost no 

works on this case for now. As the preliminary results 

we present four events here. 

 

INSTRUMENT AND OBSERVATION 

We study the radio spectrum observed by SBRS dur-

ing the solar minima of 2007–2009 and 2016–2018. The 

SBRS1 spectrometer has been upgraded three times 

[Tan et al., 2015]. The newest receiver was developed 

by Soochow University and has been working since 
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2013. Now SBRS1 parameters are as follow: 

 Antenna diameter: 7.4 m; 

 Frequency band: 1.10–2.10 GHz; 

 Frequency resolution: 2.78 MHz; 

 Frequency channels: 360; 

 Time cadence: 5 ms; 

 Accuracy of polarization: <10 %. 

Hundreds of solar radio bursts were identified during 

the 2007–2009 and 2016–2018 solar minima; some of 

them were accompanied by very weak flares (mini-

flares). As a comparison, we study the radio spectrum 

observed by Mingantu Spectral Radioheliograph 

(MUSER) [Yan et al., 2016]. MUSER is a new aperture 

synthesis solar radio telescope array, which can observe 

the full Sun in centimeter-decimeter wavelengths with 

high resolutions and dual polarization. The maximum 

baseline is 3 km, which gives the maximum spatial reso-

lutions from 63'' to 1.7'' at different frequencies. 

MUSER is composed of two sub-arrays: MUSER-I and 

MUSER-II with frequency ranges 0.4–2.0 GHz and 2.0–

15.0 GHz respectively. The whole array is composed of 

100 antennas distributed in three spiral arms with the 

longest baseline of 3.0 km. The dynamic range is de-

signed to be 25 dB, the temporal resolution is 25 ms, 

and the frequency resolution is 25 MHz. The measure-

ment accuracy of the dual circular polarization is about 

10 %. MUSER-I has been working since 2014; and 

MUSER-II, since the summer of 2016. In this paper, we 

only adopted the spectrograms obtained by MUSER-I.  

The GOES soft X-ray flux [Bornmann et al., 1996], 

SDO AIA [Pesnell et al., 2012] image, and RHESSI 

[Lin et al., 2002] hard X-ray observations are also used 

here for analysis. 

 

DATA AND EVENT ANALYSIS 

Few radio burst events have previously been record-

ed from SBRS data during solar minima. The bursts 

were weak and had short duration. Due to the develop-

ment of calibration [Tan et al., 2015], interference 

cleaning, and image recognition [Chen et al., 2016], 

more and more weak solar radio bursts have been ob-

served and identified from observations with new tele-

scopes. Here we illustrate four examples. Among them 

are two events with negative and positive drift veloci-

ties, which are accompanied by very weak GOES soft 

X-ray flares. The third event is type III bursts with a 

very weak flare identified, and the fourth event is super-

fine structure bursts with no sunspots reported from the 

full-Sun observations from March 3, 2017 to July 4, 

2017. 

The November 22, 2015 event is shown in Figure 1. 

The radio fine structure occurred between 04:51:27 and 

04:51:41 UT. First, groups of narrowband type III bursts 

drifted slowly from high to low frequencies, and then 

they drifted slowly and reversely to high frequencies. It 

is also very interesting that most of individual type III 

bursts also drifted in the same way as the groups, i.e. 

they first drifted from high to low frequencies and then 

reversely to high frequencies. These groups of type III 

bursts appeared just at the beginning of a small knot of 

flare (C1.2 class indicated by an arrow on the top panel 

of Figure 1). Thus we may imagine that electron beams 

accelerated and traveled along the magnetic loop top, 

but failed to escape to the upper corona. Then they went 

downward to another loop foot. 

The August 29, 2016 event is shown in Figure 2. The 

radio fine structure occurred between 03:44:40 and 

03:47:00 UT, with weak right circular polarization. 

Groups of narrowband type III bursts first drifted slowly 

from low to high frequencies, then drifted up and down, 

and afterwards drifted slowly upward to high frequen-

cies. It is also very interesting that most of the individu-

al type III bursts also drifted in the same way as the 

groups, i.e. they first drifted from low to high frequen-

cies, then drifted upward to low frequencies. These 

groups of type III bursts occurred just at the maximum 

of a moderate flare (C2.2 class indicated by an arrow on 

the top panel of Figure 2). Thus, we may assume that 

electron beams were accelerated within the magnetic 

reconnection region, and traveled up and down along 

the magnetic loop; some of them managed to escape to 

the upper corona. 

The March 28, 2008 event is shown in Figure 3. The 

radio fine structure occurred between 00:14:30 and 

00:15:05 UT. It is a group of type III bursts. Each indi-

vidual group of type III bursts drifted fast downward to 

high frequencies. This group of type III bursts has no 

corresponding flare identified nearby. The upper two 

panels of Figure 3 indicate that there is no SXR flare 

but a weak HXR flare at 6–12 keV observed by 

RHESSI approximately at the same time as the type III 

bursts were recorded. The two bottom panels are the EIT 

195 Å image after running differentiation, superposed 

onto the 6–12 keV RHESSI image between 01:11:22 

and 01:17:22 UT. There are no RHESSI images for 

00:00–00:30 UT. 

The July 04, 2017 event is shown in Figure 4. The 

radio fine structure occurred between 01:07:46.14 and 

01:07:46.55 UT, for less than 500 milliseconds. Each 

individual burst lasted for <20 ms. It is a little difficult 

to identify if there is a drift or not for each individual 

group of type III bursts since its duration is approxi-

mately equal to the time resolution. The first panel of 

Figure 4 shows the radio fine structure (time is indicated 

by an arrow) is just before the maximum of a small flare 

(B2.0 class). There are no sunspots or active regions 

reported for this group of radio fine structures. The AIA 

171 Å full-disk solar image exhibits no remarkable 

flares or ejecta within 01:00–01:10 UT. The AIA 171 Å 

west limb images (bottom four panels) display weak 

brightening near the limb. There are no MUSER obser-

vations for the time of this radio fine structure. 

 

RESULTS AND DISCUSSION 

In this work, we only report that there were some ra-

dio bursts accompanied by weak solar flares (mini-

flares) during solar minima. From the four events ana-

lyzed, several results can be summarized as follows: 

1. During solar minima, the radio burst spectrum 

also exhibited many fine structures, including groups of  
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Figure 1. The November 22, 2015 event. The top panel is the GOES soft X-ray at 1.0–8.0 Å. The black arrow indicates the time 

of corresponding radio fine structure spectrum shown on two bottom panels. The radio spectrum is from MUSER observation 

 

 

Figure 2. The August 29, 2016 event. The top panel is the GOES soft X-ray at 1.0–8.0 Å. The black arrow indicates the time of 

corresponding radio fine structure spectrum shown on four bottom panels. Two panels of radio spectrum are from MUSER ob-

servation. Another two panels of radio spectrum are from SBRS1 observation 
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Figure 3. The March 28, 2008 event. The first panel is the GOES soft X-ray at 1.0–8.0 Å. The second panel plots the profile of 

GOES soft X-ray and radio flux observed by SBRS at 2940 MHz. The RHESSI 6–12 keV profile is also plotted on both of the panels. 

On the third panel is the radio fine structure spectrum observed by SBRS at the 2600–3800 MHz band. Two bottom panels pre-

sent the EIT 195 Å image after running differentiation, superposed onto the RHESSI image 

 

drifting type III bursts, etc. They occurred not only dur-

ing the main solar flare, but also during small flares, 

mini-flares, and even without obvious flares and sun-

spots. Some radio fine structures occurred without obvi-

ous flares or sunspots, but still with weak EUV bright-

ening or ejecta, or with HXR microflare. 

2. The first two radio fine structure events are 

groups of type III bursts drifting up and down globally, 

while the third one are groups of type III bursts drifting 

down globally. For all the three events, the individual 

type III burst drifted in the same way as that drifting 

globally. The fourth one is a superfine structure event 

with short group duration of <500 ms and short individ-

ual duration of <20 ms. Some structures have unusual 

duration of <5 ms and strong intensity. It is difficult to 

identify if the individual structure drifted or not. 

The globally drifting type III bursts might have simi-

lar physical evolvement as the drifting pulsation struc-

tures (DPSs) which usually happened in the initial phase 

of a flare. DPSs [Karlicky, 2004; Tan et al., 2008] usu-

ally are groups of up and down drifting bursts. Karlicky 

[2004] has explained the DPS map of the evolution of 

the primary and secondary plasmoids formed due to 

tearing and coalescence instabilities in the current 

sheet during the reconnection process. Melnikov et al. 

[2002, 2005] suggested that the flare loop is filled with 

dense plasma with the density number n0≈10
11

 cm
–3

 

and that accelerated electrons are concentrated in the 

upper part of the flare loop. Zhdanov and Zandanov 

[2015] have reported that radio fine structures can be 

detected during weak solar flares when the microwave 

broadband emission is absent. Nakariakov et al. [2018] 

have reported on radio quasi-periodic pulsations (QPP) 

in a B2-microflare. QPP are likely to be caused by the 

superposition of the signals generated at local electron 

plasma frequencies by the interaction of nonthermal  
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Figure 4. The July 04, 2017 event. The top panel is the GOES soft X-ray at 1.0–8.0 Å. The black arrow indicates the time of cor-

responding radio fine structure spectrum observed by SBRS at 1100–1900 MHz band, shown on the second panel. The four bot-

tom panels are SDO AIA 171 Å images after running differentiation 

 

electrons with plasma at footpoints. All these help us to 

understand that radio fine structures can still occur in a 

weak flare during solar minimum as long as an abun-

dance of electrons are accelerated during the reconnec-

tion along the loop with dense plasma. Thus, the fine 

structure can still be observed with a high-sensitivity 

and resolution telescope.  

Our future work will compare more events with oth-
er observations at a similar frequency band, for example 
SSRT [Smolkov et al., 1986; Grechnev et al., 2003] and 
YNRS [Gao et al., 2014], and study the flare loop with 
radio image observations from MUSER and NORH 
[Nakajima, 1994]. We can expect that the weak 
radio bursts observed with the high-sensitivity low-
interference telescope will help us to understand physi-
cal characteristics of small-scale eruptions and nano-
flares, and will further expand our understanding of 
solar radio emission and solar magnetic field. 

This work is supported by NSFC grants Nos. 
11373039, 11433006, 11573039, 11661161015, 
11790301, and 11790305. We thank NGDC, Solarmoni-
tor, SWPC, and Space Weather Prediction Center for 
online data. 
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