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Abstract. A response has been found in a narrow 

band 5–7 GHz of microwave emission to the appearance 

of a coronal X-ray point. The emission source is a short 

X-ray loop located in the tail part of an active region 

and occurring when magnetic fields are reconnected 

near the footpoints of high and low loops rooted in 

nearby magnetic pores of the opposite polarity. The 

power of energy release is low and no response of the 

hot plasma component was observed in hard X-rays. 

Analysis of images in soft X-ray and extreme UV radia-

tion shows that microwave emission has a coherent na-

ture and is generated at a frequency of about twice the 

plasma frequency by electrons with energies above sev-

eral tens of keV. The result indicates a high diagnostic 

potential of microwave observations to detect accelera-

tion processes in weak transitory events and can be use-

ful for observation planning with new generation radio-

heliographs currently under development. 

Keywords: Sun, coronal points, microwave bursts, 

coherent emission, jets. 
 

 

 

 

 

 

 

 

INTRODUCTION 

Strong magnetic fields are concentrated in solar ac-
tive regions. These dynamic complex magnetic struc-
tures emerge in the photosphere and extend to the coro-
na, which is a source of extreme solar events such as 
solar flares and coronal mass ejections. Along with 
powerful flares, weak disturbances of various spatial 
and temporal scales are generated in the corona and 
transition region. These disturbances show up as weak 
brightenings in soft X-ray [Lin et al., 1984; Shimizu et 
al., 1994] and in the extreme ultraviolet (EUV) ranges 
[Porter et al., 1984; Young et al., 2018]. Observations of 
hard X-ray bursts have revealed that the non-thermal 
electron component is generated in microflares 
[Schadee et al., 1983; Christe et al., 2008; Hannah et al., 
2008, 2011; Wright et al., 2017]. Interest in studying 
low-power events has been stimulated by the fact that 
their combination can make a major contribution to the 
heating of the corona. 

Dissipation of magnetic tension and dissipation of 

MHD waves are discussed as the main mechanisms of 

corona heating (see, e.g., reviews [Aschwanden, 2004; 

Mandrini et al., 2000; Klimchuk, 2006]). The occur-

rence of non-thermal emission is naturally associated 

with the dissipation of magnetic tension, among the 

mechanisms of which two groups are distinguished. In 

the first group, energy release is provided by the dissi-

pation of currents in layers formed in the corona due to 

interactions between thin elementary loops or threads 

[Parker, 1988; Lopez Fuentes, Klimchuk, 2010]; in the 

second group, relaxation occurs through Joule heating 

of currents induced by magnetic fields of moving loop 

footpoints [Gudiksen, Nordlund, 2005; Warnecke, Pe-

ter, 2019]. 
Together with EUV and hard X-ray data, observa-

tions in the radio frequency band can provide unique 

information on corona heating. First, radio emission 

parameters depend on the magnetic field in the source; 

second, radio observations are more sensitive to the 

appearance of non-thermal electrons [Benz, 1986; Go-

palswamy et al., 1997; Fleishman, Melnikov, 1998; 

Altyntsev et al., 2012]. It has long been noticed that in 

active regions along with gyroresonance emission of 

thermal plasma over sunspots with strong magnetic 

fields there is microwave emission generated by other 

mechanisms. The first signs of non-thermal emission 

were observed by the Westerbork Synthesis Radio Tele-

scope at a frequency of 5 GHz during the formation of 

sunspots in active regions [Shibasaki et al., 1983; 

Chiuderi Drago et al., 1987]. At a frequency of 5.7 

GHz, a response to the occurrence of sunspots was ob-

served with the Siberian Solar Radio Telescope (SSRT). 

It has been found that in many cases the smooth in-

crease in radio emission is superimposed by ~20 min 

bursts with an amplitude less than 1 s.f.u. [Nefed'ev et 

al., 1993; Myachin et al., 1999]. The free-free emission 

as a burst emission mechanism was first proposed by 

White et al. [1995] on the basis of temperature and 

emission measure estimates from soft X-ray emission.  
VLA observations at frequencies of 8.3 and 15 GHz 

have confirmed that in addition to thermal gyroreso-
nance and free-free emission there are non-thermal 
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emission bursts synchronous with X-ray microflares 
[Gopalswamy et al., 1997]. Durations of weak micro-
wave bursts (short-term microwave brightenings or 
bright coronal points) were 1–10 min, and amplitudes of 
the fluxes were sometimes lower than 0.025 s.f.u. The 
authors proposed a scenario in which the bursts were 
caused by heating or particle acceleration in compact 
magnetic loops. Observations of weak microwave bursts 
in a wide spectral range have been made at the Radio 
Observatory OVSA [Gary et al., 1997; Nindos et al., 
1999]. Observations of several tens of microflares rec-
orded by the Nobeyama Radioheliograph (NoRH) have 
been discussed in [Kundu et al., 2006]. Altyntsev et al. 
[2020] have explored weak energy release processes in 
the corona over an isolated active region. They mani-
fested themselves as a quasi-stationary increase in mi-
crowave and soft X-ray emissions, accompanied by a 
series of class B and C microflares. Multiwave micro-
wave observations have distinguished a pulse non-
thermal component at frequencies below 6 GHz against 
the background of thermal free-free emission of micro-
flares. 

In this paper, we discuss the unusually narrow-band 
microwave emission of a bright coronal X-ray point 
associated with a coronal plasma jet observed in AR 
12738 on April 13, 2019. 

 

INSTRUMENTS AND METHODS 

Microwave emission sources have been localized us-
ing a 48-antenna prototype of the Siberian Radiohelio-
graph (SRH-48) at five frequencies (4.5, 5.2, 6.0, 6.8, 
and 7.5 GHz) with a time cadence of 8.4 s [Lesovoi et 
al., 2014, Lesovoi et al., 2017]. The SRH beam width 
was down to 100ʺ and varied inversely with frequency. 
To measure the spectrum, we have used data from the 
Badary Broadband Microwave Spectropolarimeter 
(BBMS) located in Badary [Zhdanov, Zandanov, 2011] 
with a frequency band 4–8 GHz. Sequences of NoRH 
images obtained at a frequency of 17 GHz [Nakajima et 
al., 1994] were employed to study the spatial distribu-
tion and variations of emission intensity. The spatial 
resolution was down to 10ʺ.  

Soft X-ray sources were localized using data from 

the X-ray Telescope (XRT) aboard the Hinode satellite 

[Kosugi et al., 2007]. XRT is sensitive in the energy 
range from ∼0.15 to more than 3 keV and can detect 

plasma emission with a temperature from ∼1 MK to 
several tens of MK. The data on spectral and spatial 
characteristics of EUV emission was recorded by the 
Solar Dynamic Observatory (SDO) [Pesnell et al., 
2012]. We used full solar disk images with a resolution 
of 0.6ʺ recorded every 12 s (AIA) [Lemen et al., 2012]. 
Six EUV channels of SDO/AIA (171, 193, 211, 131, 
335, and 94 Å) have been used to calculate emission 
measures at temperatures 5.5<lg T<7.5.  The differen-
tial emission measure was calculated by the inversion 
method [Cheng et al., 2012]. 

The coronal magnetic field was calculated with the 
aid of the potential field approximation based on 
Green’s function. Input boundary conditions were taken 
from SDO/HMI vector magnetograms (series B 720s) 
[Scherrer et al., 2012; Schou et al., 2012]. π-ambiguity 
was eliminated by the method proposed in [Rudenko, 

Anfinogentov, 2014]. The potential field was extrapo-
lated in spherical geometry for a uniform grid with a 
resolution of 1 Mm. 

 
ANALYSIS OF OBSERVATIONS 

The dynamic spectrum of microwave emission rec-

orded by BBMS between 05:43:30 and 06:15:00 UT 

(hereinafter Universal Time is also used) is shown in 

Figure 1. The ~2 GHz band of enhanced emission is 

seen around a frequency of 6 GHz, at which the maxi-

mum flux is 8 s.f.u. The enhancement interval lasts for 

about 15 min. At the beginning of this interval there is a 

slight increase in the flux in the GOES soft X-ray chan-

nel. In the GOES hard X-ray channel and the Fermi 

Gamma-ray Burst Monitor signals [Meegan et al., 2009] 

there is no flux increase.  

During the time interval of interest there is one ac-

tive region AR 12738 on the solar disk. The magnetic 

structure of the active region consists of a large leading 

sunspot of S polarity and a mixture of small magnetic 

sunspots of different signs distributed along the tail 

(Figure 2, a). During brightening of the microwave 

emission in Figure 1, a, a bright sunspot appears in the  

 

Figure 1. Dynamic spectrum in the microwave range rec-

orded by BBMS on April 13, 2019 (a); a normalized flux at 6 

GHz according to BBMS data and an SRH correlation plot to 

05:45:15 (b); GOES data smoothed with a window of 10 s (c); 

EUV fluxes at 304 and 171 Å (SDO/AIA) calculated from the 

region marked with the dotted frame in Figure 2, a (d) 
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XRT/Hinode soft X-ray image, which is a short bright 

loop A marked with an arrow in Figure 2. Later, as 

shown in the upper right corner of Figure 2, a, the bright 

sunspot in this place disappears. The distance between 

footpoints of loop A is ~20ʺ with its width up to 4ʺ. The 

dotted frame marks borders of the images b, c. The time 

dependence of the 304 Å flux summed over this frame 

(see Figure 1, c) shows a simultaneous increase in the 

intensity of the EUV and soft X-ray emission.  
The SRH observations were available until 05:45:15. 

Microwave sources at a frequency close to 6 GHz are 

marked with white contours in Figure 2, b. The contours 

indicate the sources in the last image, recorded by SRH-

48 at a frequency of 5.1 GHz at 05:44:51 at the begin-

ning of an increase in the microwave emission. The 

contours enclose the leading southern spot and bright 

structures in the image at a wavelength of 193 Å, in-

cluding loop A. The SRH-48 beam pattern (oval in the 

lower left corner of Figure 2, b) is too large for accurate 

localization of a weak microwave source. A higher spa-

tial resolution is provided by observations in the EUV 

and microwave ranges at the frequency of 17 GHz (Fig-

ure 2, c). Source A is faint in the brightness temperature 

distribution at 17 GHz (blue contours), but it is the bright-

est on the difference map (yellow contours). In source A, 

the brightness temperature increases from 14·10
3
 to 

18.5·10
3
 K. A similar pattern with the maximum bright-

ness in loop A is observed on the difference maps of the 

emission measure calculated from EUV images. 
The difference map in the 193 Å line is shown in Fig-

ure 3, a. Near region A are seen to be northeastern foot-

points of short bright loops, which are observed at different 

SDO/AIA wavelengths. Analysis of the maps has revealed 

that these loops produce ejections several times, modulat-

ing brightness of the EUV emission. Corresponding peaks 

are seen on the 304 Å light curve in Figure 1, d, which 

represents the profile of the EUV flux from the area 

marked with the dotted frame in Figure 2, a and the black 

solid frame in Figure 3, a. The ejection is shown in more 

detail in Figure 3, b, where an eruptive loop with a twist at 

the top can be seen. 
We can estimate the plasma parameters at the energy 

release site, using a differential emission measure 

(DEM). The DEM curves calculated in the minimum 

and maximum 304 Å flux for the area bounded by the 

frame in Figure 2, b are presented in Figure 4, a. The 

plasma temperature T=1.5−2 MK, and in both cases 

there is no hot component above 8 MK. With the emis-

sion measure EM=2·10
28

 cm
–5

, the plasma density 

should be ~5·10
10

 cm
–3

.  
Knowing the temperature and the emission measure 

makes it possible to calculate the brightness temperature 

Tbr of the thermal free-free emission [Zhang et al., 

2001]:  
2 0.5

br q0.2 ,T f T EM T     

where Tq  is the temperature of the quiet solar disk at a 
frequency f. At 17 GHz, Tbr≈20×10

4
 K for Tq=10

4
 K, 

which is close to the observed value. 
The appearance of the non-thermal electron compo-

nent follows from observations of the microwave spec-

trum recorded with the BBMS spectrometer. The spec-

trum for the profile maximum at 6 GHz (05:58) is 

shown in Figure 4, b. The background emission at 05:45 

is subtracted here. The flux reaches ∼8 s.f.u., and the 

noise level is ~1–2 s.f.u. The spectrum width does not 

exceed 2 GHz. The spectrum exhibits a steep slope to-

ward low and high frequencies. At frequencies above 

7.5 GHz, the amplitude of the spectrum increases again, 

yet measurements at these frequencies are unreliable. 
 

DISCUSSION 

The purpose of this work is to search for indicators of 
non-thermal energy release in weak transient events. We 
have found an interval of ~15 min in which a narrow-band 
microwave emission with a flux up to 8 s.f.u. at 6 GHz was 
observed during the existence of coronal X-ray point A.  

 

 

Figure 2. AR 12635 in soft X-ray emission (XRT/Hinode) at 06:04 and 06:24 (frame in the upper right corner) and magnetic 

field components along the line of sight ±100, ±300, ±1000, ±1500 G (a): red and blue contours are positive and negative com-

ponents respectively; the dotted frame bounds the area shown in panel b. Image at 193 Å for 05:50 (b): white contours indicate 

the brightness temperature (6.9·104, 9.4·104 K)·at 5.1 GHz for 05:44:51; the yellow oval in the lower corner is the SRH beam 

pattern. The difference map of the emission measure at 05:40 and 05:50 (c): blue contours are the distribution of the brightness 

temperature in the image at 17 GHz; yellow contours are the 0.5, 0.7, 0.9 levels of the maximum difference between the images 

at 17 GHz for 05:40 and 05:50; the black oval in the lower left corner is the NoRH beam pattern. Here and in Figures 3, 5, coor-

dinates are given in arcseconds from the solar disk center. 
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Figure 3. Difference between images at 193 Å for 05:40 and 05:50 (a), the black frame marks the area shown in panel b; the 

eruptive loop in the image at 171 Å (SDO/AIA) for 05:49:46 (b) 

 

 

Figure 4. Differential emission measure calculated for the moments before a burst (05:40) and at a maximum (05:50) of the 

profile at 304 Å (a); difference between the microwave spectra constructed for 05:45 and 05:58 (b). Vertical marks show the 

noise level on flux curves 
 

A feature of this region follows from calculations of the 

neutral line of the radial magnetic field component in 

four different spherical layers above the surface of the 

photosphere (Figure 5). The small-scale magnetic field 

disappears rapidly with height (panels b, c), and a vast 

region of negative magnetic fields remains, including 

the main sunspot, except for the compact spot of posi-

tive polarity near feature A. 

The X-ray image shows that the footpoints of high 

loops with negative polarity and the footpoint of a low 

bright loop with positive polarity are closely spaced there. 

As follows from Figure 5, d, the height of the low loop 

does not exceed 9 Mm; at this height the positive inclusion 

on the vertical-field maps disappears. The estimated mag-

netic field in the low loop is ~100 G. A scenario of mini-

filament eruption and flow generation in a similar configu-

ration due to magnetic reconnection of antiparallel fields 

near loop footpoints has been proposed in [Shibata et al., 

1992; Yokoyama, Shibata, 1995, 1996; Panesar et al., 

2017, 2018]. A short loop is formed in the region of prima-

ry reconnection, which can be identified with the low X-

ray loop in Figure 5. 

In the microwave emission at frequencies around 6 

GHz there was no response to the eruption. It can 

therefore be assumed that the microwave emission was 

generated by accelerated electrons in the X-ray loop 

resulting from reconnection. On the microwave maps 

at 17 GHz, this region stands out for its brightness due 

to the enhanced free-free emission because of an in-

crease in plasma density in the loop. 
Assuming that the microwave flux of 8 s.f.u. is emit-

ted from the 4ʺ×20ʺ loop A, its brightness temperature 

Tbr can be estimated as 5×10
7
 K at 6 GHz. Such a high 

value of Tbr indicates the non-thermal nature of micro-

wave emission since, according to EUV measurements, 

the plasma temperature in the loop does not exceed 2 

MK. There are also no signs of plasma heating to high 

temperatures in the GOES 0.5–4 Å channel, which is 

sensitive to the appearance of plasma with a temperature 

above 4 MK [Thomas et al., 1985]. 

In solar flares, a high brightness temperature of micro-

wave emission is generally achieved through gyrosynchro-

tron emission of weakly relativistic electrons in a magnetic 

field. In our case, a too narrow spectral band Δf /f≈0.25 

does not correspond to this mechanism. The steepness of 

the fall in the observed spectrum at frequencies above max-

imum gives an estimate of the rate of decrease in the ener-

gy distribution of non-thermal electrons. In the case of a 

power-law isotropic spectrum, the slope index should ex-

ceed δ ≈ 6.5. 
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Figure 5. Reconstruction of neutral lines of a radial magnetic field (contours) in various spherical layers (a — 0; b — 3 Mm; 

c — 6 Mm; d — 9 Mm) above the photosphere surface. The thickened dashed line indicates the computational domain. Back-

ground is an XRT/Hinode image turned by 06:04:17 
 

On the other hand, in our case fpe≈7 fce, where the 

cyclotron frequency fce=2.8×10
8
 Hz with a magnetic 

field in a loop of 100 G, and the plasma frequency 

fpe=2
10.9

 Hz at n=5·10
10

 cm
–3

. In this case, the 

gyrosynchrotron emission is suppressed by several 

orders of magnitude due to the Razin effect [Ginzburg, 

Syrovatskii, 1965]. At the same time, in order to obtain 

the observed emission flux of the order of ten s.f.u. with 

a steep fall δ≈6.5 there have to be an abnormally large 

number of non-thermal emitting electrons, which 

contradicts the absence of responses in the GOES hard 

X-ray channel and in sensors of the Fermi X-ray 

spectrometer. 
If fpe>>fce, the narrow-band emission can be generat-

ed at the main plasma frequency or its harmonic. At 
frequencies above 3 GHz, the second-harmonic emis-
sion dominates, at which collisional absorption of elec-
tromagnetic waves is significantly lower [Benz et al., 
1992; Zaitsev et al., 1997]. The plasma density required 
for the 6 GHz emission is about 10

11
 cm

–3
, which is 

close to the above estimate. We should note some works 
in which a coherent narrow-band emission generated by 
non-thermal electrons at frequencies around 6 GHz was 
observed at a doubled plasma frequency during type III 
spikes [Altyntsev et al., 2007; Meshalkina et al., 2012].  

Cases with stationary narrow-band emission were 
detected at decimetric wavelengths [Zaitsev et al., 1997; 
Yasnov et al., 2003] and were interpreted as a conse-
quence of the excitation of upper hybrid waves through 
pitch-angular anisotropy of non-thermal electrons. The 
loss-cone anisotropy is established when the electron 
relaxation time exceeds the time of its passage through 
the loop. At n≈10

11
 cm

–3
, the anisotropy manages to 

establish itself in the angular distribution of electrons 
with energies above tens of keV [Trubnikov, 1965]. If 
this energy is exceeded, we can also ignore the relaxa-
tion of the non-thermal electron energy. The cone insta-
bility can be excited if its increment γ≈2π fpen ac/n (nac is 
the electron density with an energy >20 keV) exceeds 
the Coulomb collision frequency and the non-linear 

damping rate [Zaitsev, Stepanov, 1983]. Non-linear 
damping depends primarily on the background plasma 
temperature and is negligible at 2 MK. The Coulomb 
collision rate is determined by the background plasma 
density and temperature and is 10

3
 s

–1
. Thus, the ratio 

between densities of accelerated and thermal electrons 
should exceed 3·10

–8
. From the expressions derived in 

[Zaitsev, Stepanov, 1983] it follows that in order to 

achieve an effective radio brightness of ∼10
8
 K in loop 

A, nac/n≥10
−6

; and the energy storage of non-thermal 
electrons is small compared to that of the background 
plasma. 

Note that magnetic reconnection and electron accel-

eration may be accompanied by the occurrence of plas-

ma turbulence of different types in the energy release 

region. Scattering of non-thermal electrons by turbulent 

fluctuations of electric and magnetic fields should give 

rise to incoherent electromagnetic emission. In the case 

of small-scale plasma turbulence, resonant transient 

radiation with a sufficiently narrow band near 

 2 2

pe ce pe1 /f f f  may appear [Fleishman, 2001; 

Fleishman et al., 2005]. This mechanism is used to ex-

plain narrow-band UHF flare bursts. To generate emis-

sion at 6 GHz, the plasma density in the source must 

exceed the above estimate by an order of magnitude. 

Moreover, as mentioned above, the centimeter emission 

with a frequency close to the fundamental plasma one is 

rapidly absorbed due to Coulomb collisions in the vicin-

ity of the source.  
Scattering of fast electrons due to magnetohydrody-

namic turbulence in the region of flare acceleration of 

electrons can also generate narrow-band emission [Li, 

Fleishman, 2009]. The typical emission frequency is 

higher than the plasma frequency by a factor proportional 

to the root of the ratio of the characteristic energy of 

emitting electrons to the background plasma temperature. 

At such frequencies, collisional absorption is small and 

does not prevent emission from leaving the source. The 

intensity of such diffusive synchrotron emission is pro-
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portional to the number of fast electrons and depends 

radically on the level and spectrum of magnetic fluctua-

tions. In our case, the level of magnetic fluctuations with 

an amplitude comparable to the magnetic field strength in 

the loop (~ 100 G) is required. 
 

CONCLUSION 

An unusually narrow-band radio emission in the 5–7 
GHz band was detected in the dynamic spectra obtained 
with BBMS. We managed to establish a link between 
the occurrence of this emission and the brightening of a 
coronal X-ray point. Analysis of soft X-ray and EUV 
images and magnetic field calculations allow us to con-
clude that the coronal point is a low loop that occurs 
when magnetic fields of complexes of long and short 
loops, rooted in close spots or pores of opposite polari-
ty, reconnect. During the reconnection, filament erup-
tion and flow formation were observed in EUV, the 
response to which was not manifested in soft X-ray and 
microwave emissions. 

Estimates show that characteristics of the spectrum 
of microwave emission of a bright X-ray point indicate 
a coherent mechanism of emission of electrons with 
energies above several tens of keV at the harmonic of 
plasma frequency. Thus, observations have a high di-
agnostic potential for detecting non-thermal energy 
release channels in transient events. It is hoped that 
observations with new generation SRH, MUSER, and 
eOVSA radioheliographs will contribute to the realiza-
tion of this potential. 
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