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Abstract. We have investigated the cause of three 

“isolated” negative radio bursts recorded one after an-

other at several frequencies in the 1–17 GHz range at 

the Nobeyama Radio Observatory, Ussuriysk Astro-

physical Observatory, and Learmonth Solar Observatory 

on April 10–11, 2014. The cause of the rarely observed 

“isolated” negative bursts is the absorption of radio 

emission from the quiet Sun’s regions or a radio source 

in the material of a large eruptive filament. Analysis of 

observations in different spectral ranges using images 
from the Nobeyama radioheliograph and the Solar Dy-

namics Observatory/Atmospheric Imaging Assembly 

has shown that the cause of all the three radio emission 

depressions was the screening of the limb radio source 

by the material of recurrent coronal jets. Parameters of 

the absorbing material were estimated using a previous-

ly developed model. These estimates confirmed the ab-

sorption of solar radio emission in cold material with a 

temperature of ~104 K at the bottom of the jets. 

Keywords: solar radio emission, microwave nega-
tive burst, radio source, active prominence, recurrent 

coronal jet. 

 

 

 

 

 

 

 

 

INTRODUCTION 

The microwave negative burst is a temporary de-
crease in the total microwave flux below a quasi-

stationary level. Solar events with negative bursts are 
quite rare [Grechnev et al., 2013, 2018]. Most of them 

belong to the type of post-burst flux decrease, i.e. the 
emission level decreases below the pre-burst level af-

ter an impulsive burst. Such events are generally asso-
ciated with the filament eruption from an active re-

gion. The cause of the negative bursts in these cases is 
absorption of the emission from the quiet Sun’s re-

gions and compact radio sources by low-temperature 
plasma of an erupting prominence [Covington, Dod-

son, 1953; Sawyer, 1977; Kuzmenko et al., 2009]. The 
area of the absorbing material is normally <10 % of the 

area of the solar disk, and its temperature is ~104 K. 
Events with isolated negative bursts are rare and 

therefore poorly studied. Investigation of two such 

events has revealed that in one case the cause of micro-

wave depression was the absorption of radio emission 

from the quit Sun’s regions by the erupting prominence 

material [Kuzmenko, Grechnev, 2017], and in another 

one a radio source was generally screened [Grechnev et 

al., 2013]. In both events, a large quiescent prominence, 

located outside active regions, erupted.  

Besides being absorbed by the material of the erupt-
ing prominence, radio emission can also be screened by 

the material of small-scale plasma eruptions [Lesovoi et 
al., 2017; Fedotova et al., 2018; Grechnev et al., 2018], 

which are classified as surges (in Hα) and jets (in ex-
treme ultraviolet and X-ray ranges). Observations of jets 

in the extreme ultraviolet range have revealed both cold 
(10

4
–10

5
 K) and hot plasma (10

6
 K) [Raouafi et al., 

2016]. The lifetime of the jets is tens of minutes, which 
is comparable to the duration of negative radio bursts. In 

view of the small area of the jets, the depression of the 

total flux of solar radio emission can be observed if they 
screen a compact radio source. Another possible cause 

of the negative bursts is a decrease in emission from a 
radio source during evolution of an active region 

[Maksimov, Nefed’ev, 1991; Fedotova et al., 2018], 
although in a record of the total microwave flux such a 

depression due to its small scale may not manifest itself. 
This paper deals with the April 10–11, 2014 solar 

event, during which there were three successive isolated 
negative bursts at a number of microwave frequencies. 

The purpose of the study is to find the cause of their 
occurrence, using a complex method of analyzing ob-

servations in different spectral ranges and a method for 
estimating parameters of absorbing material from ob-

served radio absorption at different frequencies [Grech-
nev et al., 2008]. 

 

1. ANALYSIS OF SOLAR 

OBSERVATIONS  

IN DIFFERENT SPECTRAL 

RANGES 

1.1. Observations in a radio frequency range 

Three microwave depressions were observed on 
April 10–11, 2014 at a number of microwave frequen-

cies with radio polarimeters in Nobeyama (Nobeyama 

Radio Observatory, Japan), Learmonth (Learmonth So-
lar Observatory, Australia), and Ussuriysk (Ussuriysk 

Astrophysical Observatory, Russia). Figure 1 shows the 
radio emission profiles smoothed over 20–30 s with 

subtracted pre-burst level Fb. For most records, the pre-
burst level was taken to be equal to the mean total flux 

of solar radio emission in a period 23:05–23:10 (herein-
after, Universal Time is used). Since observations at the  
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Figure 1. Radio solar emission profiles at different fre-

quencies with the subtracted pre-burst level Fb. Vertical 
dashed lines indicate maximum absorption depths for three 
microwave depressions. On the bottom panel, the curve with 
triangles shows a change in flux from a radio source measured 
from NoRH images 

 

Learmonth Observatory started near 00:00, the mean 

pre-burst level for this data was calculated in a period 

01:00–01:05. Flux profiles at frequencies of 1, 2, and 
3.75 GHz varied significantly, therefore they were fitted 

by a polynomial function (gray lines in Figure 1). The 

maximum depth of the negative bursts was recorded at 

00:00, 1:48, and 3:13, as indicated by vertical dashed 

lines in Figure 1. 

Since the depressions of the total radio flux were ob-

served at a frequency of 17 GHz, which is quite rare, so-

lar images from the Nobeyama radioheliograph (NoRH) 

were used to identify their possible causes. Figure 2 pre-

sents images of a part of the solar disk from observations 

in different spectral ranges during the microwave depres-

sion (second — fourth columns), as well as before (at 
23:00, the first column on the left) and after (at 05:00, the 

rightmost column) recording the negative bursts. 

The NoRH images at the frequency of 17 GHz (the 

upper row in Figure 2) show that all the negative bursts 

were connected with the screening of a part of the radio 

source located on the eastern limb. On the bottom panel 

of Figure 1 above the radio flux profile at the frequency 

of 17 GHz the curve with triangles indicates the emis-

sion flux from the radio source, estimated from NoRH 

images at 10 min intervals. We can see that the emission 

flux of the radio source varied. These variations may be 
associated with the evolution of an active region rising-

from behind the limb. As derived from GOES-15 data, 

on April 11, 2014 in this active region with coordinates 

13°–17° S, 88° E after the first negative burst there were 

C2.7 and C2.6 flares from GOES-15 data; and before 

the third microwave depression, C1.7 flares. Since the 

flares occurred on the limb, only a slight increase in the 

total radio flux was recorded at 00:20–01:20, without 

any significant impulsive bursts. 

 

 

Figure 2. Images of a part of the solar disk, as derived from data obtained in different spectral ranges: the upper row (a–e) — 

NoRH at a frequency of 17 GHz, the middle (f–j) and lower (k–o) rows — SDO/AIA in the 304 and 335 Å channels respectively. The 

solid white arc marks the solar disk; the dashed arc, the solar radio radius (1.186 R


) at a frequency of 1 GHz 
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The flux decrease coincided in time with the record-

ing of the negative bursts and with radio source screen-

ing at the frequency of 17 GHz. We can assume that the 

cause of all the three negative bursts was absorption of 

solar radio emission from the same radio source by cold 
material of a screen.  

 

1.2. Observations in other spectral ranges 

Analysis of original SDO/AIA images in the 304 Å 

channel (a maximum temperature sensitivity of 80 000 

K) has revealed that on April 10–11, 2014 to the south-

west of the active region a periodic activation of promi-

nence over the limb occurred which was observed in 

emission (Figure 2, g, h, j). Sometimes some of its parts 
were dark. Note that the prominence became active be-

tween the first and second negative bursts. 

During the first depression of solar radio emission 

from the active region, a jet was observed at 23:50–00:20 

(Figure 2, g). During the second negative burst, there was 

also a jet (at 01:20–02:40) whose bright material included 

dark strips (Figure 2, h). The third microwave depression 

was also associated with the jet at 02:50–03:40 (Figure 2, 

i). The bottom of the first and third jets consisted of the 

darkest and densest material, and all the three jets fea-

tured backward motion of material. 
The images in hot coronal channels of 211 and 335 

Å (a maximum temperature sensitivity of ~2 MK) show 

that the dark material periodically rose over the limb 

(Figure 2, l–n). There are observations from the Big 

Bear Solar Observatory (BBSO) in H on April 11, 
2014 only after 17:00, but on April 10, 2014 there were 

surges and periodic activation of prominence on the 

eastern limb. 

The active region near the limb could be observed in 

STEREO-B/EUVI images (the angle between Earth and 

the space observatory was ≈164°). There was an activat-

ing prominence and jets in the 304 Å channel above the 

limb, and a weak jet in the 304 Å channel above the 
limb. 

A coronal mass ejection with a central position angle 

of 106 was recorded by SOHO/LASCO on April 10, 
2014 at 14:36. There was no bright core in the CME 

structure. On April 11, the coronagraph LASCO/C2 

observed weak emerging loops to 03:12 when a brighter 

and denser loop appeared.  

Thus, observations in different spectral ranges show 

the activation of prominence to the southwest of the 

active region, but not its eruption. The active region 

periodically ejected jets whose material returned to the 

solar surface. We can conclude that the screen that ab-

sorbed the part of the radio source emission over the 
eastern solar limb was the material of the recurrent jets. 

 

2. ESTIMATED PARAMETERS 

OF ABSORBING MATERIAL 

The previously developed model for estimating pa-

rameters of absorbing material from observed values of 

radio absorption at different frequencies [Grechnev et 
al., 2008; Kuzmenko et al., 2009] has been used to 

make such estimates for the negative bursts of interest. 

The model deals with the flat screen absorption of ther-

mal emission both of the quiet Sun’s regions and of the 

radio source on the solar disk. 

In our event, the radio source was screened on the 
limb, but since the solar radio radius in the microwave 

range is larger than its optical radius, the jet material 

could screen not only the radio source but also small 

regions of the quiet Sun. Figure 2 (top row) shows the 

solar radio radius at the frequency of 1 GHz (dashed 

arc), at which negative bursts were also detected.  

The proposed model takes into account the contribu-

tions of the chromosphere and the screened radio 

source; of the absorbing screen with an area AS, a kinet-

ic temperature TS, and an optical thickness τS, inserted 

into the corona at a height h over the chromosphere; of 
the coronal layer between the screen and an observer 

(with an optical thickness τ2= τCexp(−2h/H), where H 

is the height of the uniform atmosphere; τC is the optical 

thickness of the corona), as well as of the layer between 

the chromosphere and the screen (with an optical thick-

ness τ1 = τC−τ2). The optical thickness of the corona is 

calculated from the expression for the brightness tem-

perature of the microwave emission of the quiet Sun 
B

QS chr C Cτ ;T T T   TC and Tchr are the coronal and 

chromospheric temperatures respectively. 

A relative decrease in the total flux of a negative burst 

in the case of screening of the quiet Sun’s (QS) regions 

and a radio source (AR) by an absorbing screen: 
B B
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B
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Here B

QST  and B

ST  are the brightness temperatures of the 

quiet Sun (their frequency dependences were taken from 

[Borovik, 1994]) and the screen respectively; A is the 
solar disk area; TAR is the virtual brightness temperature 

of the source, evenly distributed over the screen area AS, 

which is calculated after setting the value of FAR from 

the screened radio source. The flux FAR is usually close 

to flux from the source measured from NoRH images at 

the frequency of 17 GHz. The model considers the 

screening of the source emitting thermal bremsstrah-

lung, and the solar radio emission flux at other wave-

lengths is recalculated under the assumption that the 

screened part has the same size at different frequencies. 

Since in our event the active region rose from behind 

the limb, the possible contribution of the gyroresonance 
microwave radio source was considered insignificant. 

The brightness temperature of the screen is 

1 S 2 S 2 1

S2 2

(τ τ τ ) (τ τ ) τB

S 0 C

ττ τ

S C

(1 )

(1 ) (1 ).

T T e T e e

T e e T e

     

 

   

   
 (2) 

Here, T0 is the kinetic temperature of a screened region. 

In the case of screening of an optically thin source, it 

represents the sum of the chromospheric temperature 

and the virtual kinetic temperature of the 

source: Cτ

0 chr AR .T T T e   If the source is optically thick, 

T0 = TAR. In our modeling, we vary the optically thin and 
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thick components of radio source emission, making the 

curve calculated from (1) close to real measurements. 

Figure 3 shows normalized observed values of radio 
absorption (diamonds) along with the results of the 

model fit, represented by the solid curve for each of the 

three negative bursts. Measurement errors caused by 

instability of records of the solar radio emission flux are 

shown in Figure 3 by dashed vertical segments. The 

calculated curves have been obtained with the parame-

ters of the absorbing material listed in Table. Each pa-

rameter was estimated by its sequential least-squares 

optimization. Variations in the parameters within the 

error ranges presented in Table and the height variation 

of the absorbing cloud over the chromosphere from 1 to 

100 Mm did not change the sum of the squared devia-
tions between the fit and measurements significantly. 

Only a part of the radio source was screened in all the 

three negative bursts. 

As expected, the area of the absorbing material was 

small — <1 % of the solar disk area; and the average 

temperature was ~10
4
 K. These parameters confirm the 

possibility that the screen that absorbed the part of the 

radio source emission may be the cold material at the 

bottom of the jets. 

 

DISCUSSION AND CONCLUSION 

The cause of the jets is considered to be the magnet-

ic reconnection that occurs between closed lines of a 

new emerging magnetic flux and open lines of the sur-

rounding magnetic field. Recurrent jets are often associ-

ated with sequential magnetic flux emergence and can-

cellation processes [Jiang et al., 2013]. 

The question about the mechanism of formation of 

the cold plasma component (5–15)104 K of coronal 

jets is still open. For example, when modeling the oc-

currence of plasma of different temperature in jets, 
Yokoyama and Shibata [1995] have founded that the 

cold component could be formed by chromospheric 

plasma. Shen et al. [2012] have revealed that the cold 

plasma is mainly located at the base of a jet, as con-

firmed by observations in our event. 

Chen et al. [2008, 2009] have shown that quite often 

near the observed jets there was a small prominence that 

either erupted before their emergence or gradually dis-

appeared, delivering material to them. 

The active region rising from behind the limb in the 

April 10–11, 2014 event developed and produced a num-

ber of C and M flares. Note that later jets continued to 
occur in it. Shen et al. [2017] have revealed two stages of 

development of the coronal jet, which were observed on 

April 16, 2014 in the same active region at an interval of 

20 min. There were both cold and hot plasma compo-

nents in these stages. At the first stage, the cause of cold 

plasma component might have been the magnetic recon-

nection that occurred in the chromosphere, and at the 

second stage the cold component was formed during 

eruption of a mini filament after emergence and subse-

quent cancellation of a new magnetic flux. In our case, 

limb observations do not discern whether the cold materi-
al observed at the base of the jets was from the northern 

part of the large prominence located to the southwest of 

the active region and delivering its material to the jets or 

from a mini prominence in this active region.  

Another negative burst was detected at 1–5 GHz fre-

quencies on April 15, 2014 at 02:50–03:15. At that time, 

 

Figure 3. Spectra of the solar radio emission depth for three negative bursts: diamonds are measured values, the solid curve is 
the model fit. Absorption values are normalized to the sum of emission fluxes from the quiet Sun and the radio source  

 

Absorbing material parameters estimated using the model for three depressions of solar radio emission 

Depression 
of solar radio 

emission 

T, K τ 17 GHz AS/A

, % 

I (00:00) 1·104±0.5·104 0.16±0.02 0.4±0.1 

II (01:48) 2.5·104±0.5·104 0.15±0.02 0.16±0.04 

III (03:13) 1·104±0.9·104 0.28±0.02 0.06±0.02 
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SDO/AIA images in the 304 Å channel showed a dark 

jet with the base near a sunspot in the same active region. 

Observations in the H line made at the Learmonth Ob-
servatory demonstrated small surges. There was no 

CME there. 

Figure 4 presents a difference image of a part of the 

solar disk in 304 Å, where contour marks position of 

the radio source identified from NoRH images at the 

frequency of 17 GHz. The negative burst must have 

been caused by absorption of the radio source emission 

by the material of the jet. However, the cause might 

have been the screening of the gyroresonance source 

located above the sunspot, therefore the diagnostics of 
the jet plasma with the model that takes into account 

screening of the source emitting thermal bremsstrah-

lung was not made. 

Note that the maximum area of the darkening in 

Figure 4 at a level of 25 % of brightness decrease was 

0.26 % of the solar disk area. Grechnev et al. [2018], 

when studying the negative bursts caused by absorption 

of emission from radio sources near the solar limb by 

the surge material, have shown that the area of darken-

ing on images in 304 Å was <0.2 % of the solar disk 

area. The area of the absorbing screen is usually greater 

in the radio range [Kuzmenko, Grechnev, 2017], but we 
can hardly expect that in this case it will exceed 1 %. 

Thus, this paper has investigated the cause of three 

isolated negative bursts following each other at a num-

ber of microwave frequencies on April 10–11, 2014. 

Analysis of solar images in different spectral ranges has 

revealed that all the microwave depressions occurred 

due to screening by the material of recurrent jets of the 

radio source, located on the eastern limb of the Sun. 

Model fits have shown that the absorbing material had a 

temperature of ~104 K and an area of less than 1 % of 

the solar disk area. Observations have also confirmed 
that the material at the base of the jets was colder. 

Analysis of the event confirmed the screening of 

bright near-limb radio sources by the low-temperature 

material of jet-like eruptions, which was detected by the 

Siberian radioheliograph. The screening manifested itself 

 

Figure 4. Difference SDO/AIA image of a part of the solar 
disk in the 304 Å channel on April 15, 2014. The white solid 
contour shows position of a radio source; the dashed arc indi-

cates the solar limb  

as microwave depressions on correlation plots. The isola-

tion of the negative bursts in the event under study can be 

attributed to the location of the active region, where the 

jets occurred, exactly on the solar limb.  

I thanks D.Sc. (Phys.&Math.) Grechnev V.V. for the 

possibility of using programs from his library. I am grateful 

to teams of the Nobeyama and Learmonth observatories, 

SDO, SOHO, and STEREO for free access to data in dif-

ferent spectral ranges. 
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