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Abstract. We describe methods for monitoring 

eruption activity with the first phase of the multiwave 

Siberian Radioheliograph (SRH-48). We give examples 

of the recorded eruptive events: 1) rise of a prominence 

above the limb observed in the radio map sequence of 

April 24, 2017; 2) a jet recorded on August 2, 2017, 

whose cold matter screened a compact microwave source 

for several tens of minutes. The shading due to the jet 

appearance was observed on SRH-48 correlation curves 

as the so-called “negative” burst. Using the “negative” 

burst on the correlation curves of February 9, 2017 as an 

example, we show that the intervals with depression of 

the microwave emission of local sources are not always 

caused by shading of their emission. In this event, the 

radio brightness decreased within ten hour period of the 

increased quasi-stationary emission during the devel-

opment of AR 12635 magnetic structure. Similar be-

havior was observed in EUV, SXR, and radio emission at 

17 GHz. 
 

Keywords: radioheliograph, Sun, eruptive events, 

jet. 

 

 

INTRODUCTION 

The most energetic manifestations of solar activity 
are eruptive events. They comprise dynamic phenomena 
such as flares, jets, prominence eruptions, and coronal 
mass ejections (CMEs). The complexity of the study of 
eruptive phenomena lies in the fact that at present the 
continuous monitoring of eruption from its initiation in 
the lower atmosphere to disturbed state of interplanetary 
medium can rarely be implemented. A distinctive feature 
of radio observations is the possibility of monitoring 
CMEs during their formation in the lower corona and 
recording them up to distances of several solar radii. In 
the microwave range, CMEs are observed in the solar 
atmosphere with spatial resolution using the Nobeyama 
Radioheliograph (NoRH) at 17 and 34 GHz [Nakajima et 
al., 1994] and the Siberian Solar Radio Telescope 
(SSRT) at 5.7 GHz [Grechnev, 2003]. 

Eruption-related events are noted for diverse dy-
namics of development, mass, and velocity of matter. 
The most powerful eruptive events are CMEs, in which 
the weight of ejected matter can reach billion tons; and 
the velocity, 2000 km/s. CME appears as a growing giant 
loop one or both footpoints of which are anchored in the 
solar atmosphere; the magnetic field in the ejection is 
generally higher than that in the quiet solar wind and 
consists in magnetic field lines twisted into a rope. The 
most known observations of CMEs are those made in the 
plane of the sky with SOHO/LASCO [Brueckner et al., 
1995; https://sohowww.nascom.nasa.gov]. Today, we 
can determine CME direction, using a pair of STEREO 
spacecraft [Kaiser et al., 2007; https://stereo.gsfc. 
nasa.gov which are separated by large distances in Earth’s 

orbit. If CME is earthward, it reaches Earth within one or 

three days disturbing near-Earth plasma, thereby being 

an important factor of space weather. 

The occurrence of CMEs is often associated with 

filament eruption. Analyzing the sequence of NoRH 

images at 17 GHz and using extensive statistical material. 

Gopalswamy et al. [2003] have established that 82 % of 

filament eruptions were accompanied by CMEs. Fila-

ments contain cold plasma with a brightness temperature 

of about 8000 K, hence CME is optically thick in mi-

crowaves. In the emission of a filament, thermal brems-

strahlung predominates, it therefore shows as a dark 

structure against the disk whose brightness temperature 

is 10 000 K at 17 GHz. Above the limb, the filament 

stands out against the sky [Kundu et al., 2004]. In SSRT 

images, filament and quiet solar disk brightness tempera-

tures are more contrast than those in NoRH images. This is 

due to the fact that the brightness temperature of the quiet 

Sun at 5.7 GHz is higher (16 000 K). The first observations 

of erupting filaments with SSRT have been reported by 

Uralov et al. [2002] and Alissandrakis et al., [2013]. 

Along with large-scale filament eruptions, EUV ob-

servations often reveal frequently occurring small-scale 

plasma ejections into the solar corona, the so-called jets. 

They are rapidly rising collimated plasma streams along 

magnetic field lines, observed in EUV and HXR [Shimojo 

et al., 1996]. Their length can vary from small jet size 

characteristic of macrospicules to hundreds of thousands of 

kilometers for X-ray jets [Raouafi et al., 2016], and their 

lifetime can vary from several minutes to several hours. 

Observations of jets in microwave emission are extremely 
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rare due to their small size and relatively low brightness 

temperatures. There are well-known papers [Kundu et al., 

1999; Nakajima, Yokoyama, 2002] that describe observa-

tions of events related to the jet at 17 GHz. It has been 

shown that jet plasma can be heated up to a brightness 

temperature of 28 MK and can also feature a non-thermal 

electron component. Studies of the nature of jets are im-

portant for understanding coronal heating and solar wind 

formation processes, i.e. they deal with a wide range of 

heliophysical problems. 

In the microwave emission, mass ejections including 

small jets can also be detected from the shading of a local 

microwave source by a cloud of cold absorbing sub-

stance. In light curves of microwave emission, the 

shadings show up as depressions, the so-called negative 

bursts, lasting from several minutes to tens of minutes. 

The first event with a negative burst is described by 

Covington [1969] as a post-burst decrease in the radio 

flux at 2.8 GHz after the impulsive radio burst on May 

19, 1951. In recent years, some researchers have studied 

the diagnostic potential of negative bursts, using radio-

heliograph observations [Maksimov and Nefedjev, 1991; 

Grechnev et al., 2013, 2014; Uralov et al., 2014]. 

In 2016, the ISTP SB RAS Radioastrophysical Obser-

vatory began observations with the Multiwave Siberian 

Radioheliograph (SRH) in a frequency range 4–8 GHz 

[Lesovoi, Kobets, 2017]. The first observations showed that 

correlation curves make it possible to reliably detect events 

with behind-the-limb eruptions and negative bursts 

[Lesovoi, Kobets, 2017; Grechnev et al., 2018]. The main 

purpose of this paper is to continue to explore SRH capa-

bilities to observe eruptive phenomena. We consider two 

methods of observing plasma ejections. The first uses con-

structed images to trace the movement of eruptive filaments 

and jets over the solar limb. The second method employs 

solar disk images captured with SRH to study the dynamics 

of the source the shading of which causes a negative burst 

of microwave emission. 

 

OBSERVATIONS 

Instruments 

The Siberian Radioheliograph was developed by ap-

plication of SSRT rotators and infrastructure [Lesovoi, 

Kobets, 2017b]. The purpose of the modernization: 1) to 

implement the aperture synthesis of images, which ena-

bles us to substantially improve temporal resolution, 2) 

to turn to multiwave measurements in the frequency 

range 4–8 GHz. The main characteristics of the first stage 

of the radioheliograph with 48 antennas and 152 m 

maximum base: the receiving frequency varies, accord-

ing to the protocol, cyclically in the operating frequency 

range 4–8 GHz; the spatial resolution depending on 

frequency is within 0.8′–1.6′; the spectral resolution of 

the frequency channel is 10 MHz; the flux sensitivity is 

~100 Jy. Both circular polarized components (RCP and 

LCP) are measured. 

We have made the observations at 4.2, 4.5, 5.2, 6.0, and 

6.8 GHz and selected events for the analysis, using correla-

tion curves available on the website 

[http://badary.iszf.irk.ru]. The correlation curves are plotted 

by summing complex correlations calculated for different 

pairs of antennas, and allow us to observe variations in 

received radio emission. Their calculations are described in 

detail in [Lesovoi et al., 2017]. 

To analyze the events, we have used sequences of mi-

crowave images acquired with the Nobeyama Radiohelio-

graph at 17 GHz [http://solar.nro.nao.ac.jp/], EUV images 

from the Solar TErrestrial RElations Observatory  (STE-

REO) [https://stereo.gsfc.nasa.gov; Kaiser et al., 2007] and 

Interface Region Imaging Spectrograph (IRIS) 

[http://www.lmsal.com/solarsoft/irisa/; Culhane et al., 

2007; Pontieu et al., 2014]. 

 

April 24, 2017 eruptive filament 

SRH began observations in solar minimum, during 

which events with above-the-limb manifestations of 

eruptions were rare. One of the few significant events 

was the April 24, 2017 CME whose frontal structure -

appeared in LASCO/C2 images at 02:48 UT. SRH 

managed to detect above the limb (Figure 1, a–c) the rise 

of a filament whose eruption was clearly observed by the 

orbital observatory SDO/AIA at wavelengths of 171, 

304, and 131 Å (Figure 1, b–e).  

Figure 1 presents a sequence of images of eruptive 

filament evolution from 02:00 to 04:00 UT acquired with 

SRH at frequencies of 6.0 (a), 5.2 (b), and 4.5 GHz (c); with 

SDO at a wavelength of 304 Å (d), and with NoRH at 17 

GHz (e). At the beginning of the observations, the filament 

top with coordinates of E40N40 was on the solar disk 

[https://kauai.ccmc.gsfc.nasa.gov/DONKI/search/]. 

There is good agreement between positions and 

heights of the emerging filament in the images in dif-

ferent spectral ranges. The filament top appeared above 

the limb at about 02:00 UT; by 04:00 UT, it rose above 

the limb higher than 150 Mm. In the SRH images, the 

filament structure is blurred owing to insufficient spatial 

resolution, which is proportional to the frequency of 

observation. It is seen that at 6.0 GHz the images are 

more contrast. Panels a and b (5.2 and 6.0 GHz) as well 

as panel d (304 Å ) show the part of the filament against 

the solar disk that is absent in the images acquired at 17 

GHz. This is due to the fact that the optical thickness of 

the filament in the SRH range is by an order of magni-

tude higher than that at 17 GHz. The darkening of the 

filament against the solar disk indicates that its bright-

ness temperature is lower than the effective temperature 

of the quiet Sun (16 000 K) at 6.0 GHz [Zirin et al.,1991; 

Borovik, 1994]. At lower frequencies, the filament is less 

pronounced against the background of the solar disk, 

since the relative difference between effective tempera-

tures of the filament and solar disk decreases. In general, 

the sensitivity of SRH receiving systems allows us to 

detect an increase in the total solar emission associated 

with the appearance of behind-the-limb sources. After 

the second stage of SRH with antennas located in outer 

SSRT posts is activated, the spatial resolution will increase 

several times and become sufficient to study structural 

features of eruptive ejections, plasma density and brightness 

temperature distribution in erupting filaments. 
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Figure 1. Sequence of images from SRH at 6.0, 5.2, and 4.5 GHz (a–c), from SDO at a wavelength of 304 Å (d), and from 

NoRH at 17 GHz (e) during the appearance of the eruptive filament above the limb on April 24, 2017. The frame size is 600′′×600′′ 

 

In the correlation curves, the response to the emer-
gence of the eruptive filament is weak. The top panel 
(Figure 2) shows the difference between the correlation 
curves on April 24 and 25, 2017, measured on adjacent 
days when the Sun was active and quiet respectively. It 
allows us to determine the contribution of active pro-
cesses and reduce the influence of the diurnal variation of 
the curves, caused by the change of the interferometer bases 
with Earth revolution about the Sun. The bottom panel 
depicts the microwave emission flux at 17 GHz from the 
above-the-limb filament, derived from sequences of NoRH 
images by subtracting the solar disk flux. 

The SRH correlation curves show the microwave 
emission enhancement between 1:00 and 02:00 UT, 

which is a response to the B2.4 flare in the active region 
2653 (S11E51), located away from the filament eruption. 
The appearance of the filament above the limb can be 
attributed to the slowing of the decrease on the curves for 
high frequencies from 02:00 to 04:00 UT. 

August 2, 2017 jet  

Let us examine the second method for detecting 
eruptive ejections, using the August 2, 2017 event as an 
example. The SRH correlation curves have several day-
time intervals (Figure 3) with brightness depression (neg-
ative bursts). The events are weak, and there are no re-
sponses on the SDO/AIA EUV light curves. The IRIS data 

d 

e 

a 

b 

c 
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Figure 2. Top: difference between April 24 and 25 corre-

lation curves, measured with SRH in the R+L intensity from 
00:00 to 07:00 UT. The length of the vertical line corresponds 
to 1 sfu. The curves correspond to frequencies of 4.2, 4.5, 5.2, 
6.0, and 6.8 GHz (from top to bottom). Bottom: variation in the 
above-the-limb flux of microwave emission at 17 GHz  

 

Figure 3. August 2, 2017 correlation curves. The upper 
correlation curves are the intensity at 4.2, 4.5, 5.2, 6.0, and 6.8 
GHz (from top to bottom); the lower ones with near-zero values 
show circular polarization. The interval with dispersion from 
05:00 to 05:30 UT, during which IRIS SJI observed a jet (ver-
tical dashed lines) 

 

on ultraviolet emission were available for the upgoing 

active region 12670 from 04:49 to 06:18 UT. It has been 

found that the depression of the microwave emission 

from 05:00 to 05:30 UT was observed during the jet 

recorded in the FUV 1332–1406 Å range (Figure 4). The 

jet is designated by a blue circle. In IRIS SJI image se-

quences there is a rapidly increasing bright jet rising 

above the active region. In Figure 3, the corresponding 

time interval with the depression is indicated by vertical 

lines. The depth of the depression at all SRH frequencies 

is roughly the same and corresponds to a decrease in 

solar radio brightness by a few sfu. 

Figure 5 presents a magnetogram of the region in 
which the jet occurred. On the magnetogram, contours  

 

Figure 4. Jet of August 2, 2017, 05:09 UT as derived from 
IRIS SJI data in the FUV band (1330 Å). The frame size is 
400′′×400′′ 

 

Figure 5. Magnetogram with contours of a source accord-
ing to data from SRH at 6.0 GHz (blue contours), from NoRH 
at 17 GHz (yellow contours) at 05:20 UT. Contour levels are 
0.3, 0.5, and 0.9 of maxima on intensity maps 
 
show microwave emission brightness distribution at 6.0 
and 17 GHz. The resolution of the Nobeyama Radiohe-
liograph is 10′′ and allows us to resolve two brightness 
centers corresponding to N and S magnetic field polarities. 

In general, the emission at the 0.5 beamwidth covers 
the entire active region. The SRH resolution is much lower 
than 80′′, and the source structure is not resolved. The 
source at 6.0 GHz, as well as at 17 GHz, is extended from 
north to south and its apparent FWHM size is 80′′×150′′. 
SRH maps in circular polarization show that the micro-
wave source is left-handed polarized. Thus, the interval 
with partial shading of the source appears on correlation 
curves as an increase in the right-handed polarized emis-
sion. According to the IRIS SJI images, the jet plasma 
propagated eastward in the plane of the sky, i.e. it shaded 
the region with the photospheric magnetic field directed 
from the observer. In this case, the shading should cause 
the ordinary-mode emission to decrease, which is con-
sistent with the appearance of the ejection with the sign of 
ordinary wave on the correlation curves. 
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Brightness depression  

on February 09, 2017 

CME can be detected as a negative burst on correla-

tion curves in case of shading of a local bright source or 

for a sufficiently large area of shading of the quiet Sun. 

However, in some cases, negative bursts are a response 

to a sharp decrease in the quasi-stationary emission of the 

developing active region rather than to the shading. 

Sometimes, long-term active processes in active regions 

may occur as an increase in the quasi-stationary level of 

microwave emission for several hours, with a subsequent 

sharp decrease. A perfect example is events of February 

08 and 09, 2017 (Figure 6). The difference is shown 

between the correlation curves obtained by subtracting 

values acquires on the quiet day of February 8 with no 

significant correlation variations from the curves of 

February 9. There is a pronounced synchronous decrease 

in the radio flux at all frequencies between 04:30–05:45 

UT, which is indicated by vertical lines on the intensity 

correlation curves. The relative depth of the depression 

on the correlation curves is approximately the same at all 

frequencies (up to 1.5 %), which corresponds to a de-

crease in the solar flux by several sfu. The polarization 

correlation curves do not show a response to the negative 

burst in intensity. It should be noted that on the light 

curves of total flux of the 2–24 GHz spectropolarimeter 

there is no response to this negative burst. This confirms 

that the depression has a small depth. 

The radio maps of the full solar disk obtained with 

SRH-48 allowed us to determine the solar region a 

brightness decrease in which leads to the depression 

on the correlation curves. Figure 7, a, b presents se-

quences of radio maps at 6.8 GHz for RCP and LCP in 

the upper and lower rows respectively. On the solar 

disk there is one bright unpolarized source with coor-

dinates (320′′, –400′′). The source emission intensity is 

much lower in the second column of the maps, which 

corresponds to the time of the correlation curve dip. 

The microwave source represents a rapidly developing 

active region NOAA 12635. 

 

Figure 6. Difference between the correlation curves for 

February 8, 9, 2017 with depression from 04:30 to 05:45 UT. 

The curves correspond to 4.2, 4.5, 5.2, 6.0, and 6.8 GHz (from 

top to bottom) 

To figure out the causes of the microwave source 

brightness decrease, we examine the emission dy-

namics in other ranges. Figure 8 presents light curves 

of solar emission from 00:00 to 13:00 UT on February 

9 during the formation of the active region NOAA 

12634. The top panel depicts the dependence of the 

brightness temperature at the source maximum at 6.0 

GHz. The radioheliograph has been calibrated on the 

assumption that the brightness temperature of the solar 

disk at 6.0 GHz is 16 000 K [Borovik, 1994]. 

It can be seen that during the depression the bright-

ness temperature falls from 300 000 to 90 000 K. Note 

that because of insufficient spatial resolution, these es-

timates may be underestimated.  

Figure 8, b depicts a similar dependence at 17 GHz. 

Triangles indicate values derived from full disk radio maps 

in cadence of one map per 10 min; the solid line, in cadence 

of map/s. If such a significant level of depression at 17 GHz 

was due to the shading material above the source, at 6 GHz 

the source would be completely shaded rather than being 

seen as in Figure 7, a, b. The radio maps at 17 GHz also 

show a source with apparent size of the order of the NoRH 

beam, i.e. 10". 

Continuous observations of the developing region can 

be made with GOES and SDO. The emission intensity 

 

Figure 7. Sequences of SRH radio maps at 6.8 GHz during 

depression on the correlation curves in left (LCP) and right 

(RCP) circular polarization (a, b respectively) 

 

Figure 8. Solar activity variations on February 9 from 

00:00 to 07:00 UT, according to data from SRH the maximum 

brightness temperature is at 6.0 GHz; from NoRH, at 17 GHz; 

SDO signal value at a wavelength of 131 Å; GOES 15 fluxes in 

two SXR channels  
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in EUV in the highly ionized iron line of 131 Å after 

20:00 UT gradually increases until 07:00 UT, and then 

decreases until 13:30 UT on February 9. The SXR be-

havior is similar. In both the emission ranges, the period 

of microwave emission depression corresponds to low 

emission levels in EUV and SXR. 

In SDO/AIA EUV images, we did not find plasma 

streams shading NOAA 12634. Thus, we can confidently 

assert that this negative burst is not connected with the 

cold plasma eruption – it is a response to the dynamics of 

active processes of energy release in the active region. 

 

DISCUSSION 

Observations of eruptive events with SRH having 48 

antennas and 154 m maximum base demonstrate that the 

radioheliograph has sufficiently high sensitivity for detect-

ing eruptive events including weak jets on the solar disk.  

The traditional method is to observe microwave sources 

appearing above the limb. An example of the use of the 

observations with a microwave coronagraph is the cata-

log of limb events at 17 GHz 

[http://solar.nro.nao.ac.jp/norh/html/prominence/], 

which has been available on the Nobeyama Radiohelio-

graph website since 1992. The analysis of observations 

of hundreds of prominences at 17 GHz during solar cycle 

23 has shown that the frequency of their occurrence is 

similar to the variation in the number of sunspots, alt-

hough times of peaks differ. The frequency of occurrence 

of prominences depends on latitude, and the region of 

their occurrence migrates with solar cycle phase 

[Shimojo et al., 1996]. The relationship of flare activity 

to plasma eruption is shown in the catalog 

[https://hinode.isee.nagoya-u.ac.jp/ICCON/]. A similar 

monitoring at 4–8 GHz is being performed using SRH 

data. The complexity of the current observations with 

SRH is the insufficient spatial resolution, which will be 

increased by several times within one to two years with 

commissioning of remote antennas. The experience of 

SSRT observations at 5.7 GHz has shown that the reso-

lution of about 10′′–15′′ will allow us to determine 

kinematic characteristics of CME structures up to several 

solar radii, thereby filling the gap between SDO/AIA 

EUV and LASCO/C2 scattered light observations 

[Uralov et al., 2002; Alissandrakis et al., 2013]. 

The comparison between images of erupting fila-

ments at different frequencies will permit us to use an 

independent method to check brightness temperature 

measurements made from EUV data and extend the 

range of its measurements to lower values. 

The study of jets and their related phenomena is im-

portant for space weather forecast because jets are among 

the most frequent manifestations of solar activity and are 

connected with processes of corona heating and solar wind 

formation. From the observations it follows that the moni-

toring of negative bursts is valuable for diagnostics of pa-

rameters of jets appearing on the solar disk. The analysis 

techniques have been developed based on deep microwave 

emission depressions revealed by observations of the inte-

gral solar flux. Kuzmenko et al. [2009] have demonstrated 

that values of radio absorption, measured in the integral 

microwave emission at several frequencies, can be em-

ployed to estimate absorbing plasma parameters such as 

brightness temperature, optical thickness, area of a shading 

screen and its height above the chromosphere. However, an 

unambiguous determination of causes of negative bursts, as 

is shown by the analysis of the February 9, 2017 event, 

requires the use of spatially-resolved observations in other 

wavelengths. 
 

CONCLUSION 

The test observations made with the first stage of 
SRH have shown that the new instrument designed to 
study eruptive events can be effectively used both to 
solve fundamental problems and to monitor solar activity 
for applied purposes. The potential of multiwave mi-
crowave observations will be realized with a several-fold 
increase in the spatial resolution of SRH, adaptation of 
the methods for eliminating side lobes of the interfer-
ometer from original images to SRH data. The experi-
ence with the multiwave radioheliograph, as an upgrade 
of SSRT, for the 4–8 GHz frequency range has been used 
in designing a new instrument for the 3–24 GHz frequency 
range, the construction of which is scheduled for 2018. 
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