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ABSTRACT      

A detailed investigation of an inverted type U solar burst in meter region and their associated 

the solar flare and Coronal Mass Ejections (CMEs) has been reported. Solar type U burst has been 

observed at the National Space Centre, Banting, Selangor detected by the Compound Low Cost Low 

Frequency Transportable Observatories (CALLISTO) system in the 150 MHz till 400 MHz at the low 

frequency band. An inverted U type is occurring on 9th March 2012 between 4:00 UT to 4:15 UT 

within 1 minute (4:12 − 4:13) UT. From the dynamic spectra of CALLISTO, we have identified metric 

type U burst with maximum emission near the frequency 385MHz. In specific, the continuum type III 

burst will soon structure this burst due to our observations. Other types such as type II and IV are only 

appearing only after type U burst is ejected and appear at the same point of the solar flare event. Since 

the U burst activity coincides with the peak of the hard X-ray flare at 4:12UT in AR1429, we 

classified that the event is associated with the injection of the high energetic particles. In conclusion, it 

is confirmed that an inverted type U burst is initiated after a complex and a group solar radio burst 

type III.   
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1.  INTRODUCTION       

             

  Solar radio type U bursts with a change of the frequency drift sign are observed in a 

wide frequency band from decimeter to decameter waves [1-3]. The first observation of 

inverted type U burst has been reported by [4]. Among the various impulsive of solar burst, 

type U is a unique and interesting to study in detail in terms of association with solar flares.  It 

is well understood that type U burst is similar with a type III burst except the excited by 

electrons propagating in a magnetic arch [5]. Based on previous studies, it occurs during the 
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large flare, but still much more rarely and basically generated to invert of the J burst [6]. 

There is evidence that showed the most regions this type happen is between 20 to 200 MHz in 

asymmetrical form [7]. Until now, the mechanism of generation of type U bursts is still a 

matter of ongoing study. It was observed that in some cases, it will form in fundamental or 

harmonic structure, but the configuration is very rare. Many theories have been proposed to 

explain type U burst. Theoretically, there is an interpretation by [8] suggested that the electron 

beams propagating in closed coronal loops requires (i) a high ambient temperature in the 

relevant coronal loops which approximately T ≥ 7 x 10
6 

K and (ii) the magnetic strengths 

should be higher compared with those implied by potential explorations. Electron beams 

travelling through the solar corona excite ‘Langmuir waves’ near the local electron plasma 

frequency. When these Langmuir waves are converted into electromagnetic waves, the 

radiation can be detected in the radio region as bursts with very specific spectral signatures 

that depend on the magnetic structure which guides the beams. Normally, the ratio closed to 

open magnetic field structures increase with lower altitude [4]. Interestingly, it does not 

appear at a constant frequency, but regularly decreasing turning frequency [7]. 

The purpose of this work is to study solar burst type U that leads the understanding of 

the relationship between other solar bursts that also occur at the same events. We want to 

relate the configuration of the magnetic field where they occur. In order to understand the 

characteristics of this burst, we analysed our data obtained by using the Compound Low Cost 

Low Frequency Transportable Observatories (CALLISTO) spectrometer.  Present paper shall 

review in detailed regarding to the observation of an inverted type U solar burst observed on 

9
th

 March 2012 successfully observed [9]. In section 2, we describe on the CALLISTO system 

and experimental setup. The results are explained in section 3 and we discussed in detail in 

section 4. 

 

 

2.  EXPERIMENTAL  

 

The first steps of solar radio burst research in Malaysia have been started since 2011 by 

collaborating with an e - CALLISTO network [10]. We started our project by constructing the 

Log Periodic Dipole Antenna (LPDA) which covered the range of frequency from 45 MHz 

till 870 MHz [11]. The CALLISTO system consists of the Log Periodic Dipole Antenna 

(LPDA), a preamplifier, and the spectrometer, which operating from 45 MHz to 870 MHz 

setup it at National Space Centre, Banting, Selangor since 22
nd

 February 2012. It is located at 

(N 02° 49.488' E 101° 36.168’) where this site is mainly purpose for development of space 

and radio monitoring [12]. It consists  the CALLISTO (Compound Astronomical Low-cost 

Low-frequency Instrument for Spectroscopy in Transportable Observatory) spectrometer, 

designed and built by electronics engineer Christian Monstein of the Institute for Astronomy 

of the Swiss Federal Institute of Technology Zurich (ETH Zurich), record the intensity of 

electromagnetic radiation at radio frequencies, between 45 and 870 MHz [13]. Within this 

range, it could be possible to detect solar activities specifically solar flare and Coronal Mass 

Ejections (CMEs) [14]. We could observe started from 23.30 UT till 11.30 UT in daily basis. 

It covered approximately 12 hours monitoring. Up to date, there are 19 CALLISTO sites that 

actively provided a daily data. The channel resolution of this spectrometer is 62.5 kHz; while 

the radiometric bandwidth is about 300 KHz with sampling time is exactly 1.25 milliseconds 

per frequency-pixel. In principle, data that obtained from the CALLISTO can be transferred to 

a computer and saved locally via a R232 cable in FIT files [17-26].  
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Figuire 1. Schematic diagram of the CALLISTO system. 
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Current solar observatories, it provides a wealth of data at high spectral, temporal, and 

spatial resolutions with the specification of the 0.25 second time resolution. All data are stored 

with a scale factor and an offset applied so that the measured ADC digits range fits into the 

byte data range (0-255) per pixel. The antenna has a boom length 5.45 meters with gain 7dBi 

[15]. Meanwhile, Low Noise Preamplifier is connected to maximize a gain more than 10 dB. 

Within this range, it could be possible to detect solar activities specifically the solar flare and 

the Coronal Mass Ejections (CMEs). This system has been successfully installed at the 

National Space Centre; Banting Selangor located (3°5′00″ N 101°32′00″ E). Daily 

observations were performed for almost 12 hours. Schematic diagram of CALLISTO system 

is illustrated as in Figure 1. Up to date, the system which objectively was designed to observe 

solar flares in 24 hours monitoring has been distributed to 19 sites. 

Our strength is that we can observe the solar activity within 12 hours throughout a year 

[16]. In a preliminary analysis, we have subtracted the pre-burst visibilities from the 

CALLISTO data in order to remove the signal from a quiet Sun. We also have checked the 

flux calibration by comparing the CALLISTO and relative amplitude of solar U burst. In this 

work we analyze the data obtained from our site using the CALLISTO spectrometer. We 

focused monitoring solar burst in the low frequency region. These data include one of the 

largest solar flare occurred since five years.  

 

 

3.  OBSERVATION OF TYPE U BURST  

 

The observations were performed with the Log Periodic Dipole Antenna (LPDA) and 

CALLITO spectrometer that covered a broadband in the low frequency radio region. For the 

spectra described in this paper, a complete wavelength was accomplished every 15 minutes. 

Due to constrain of the interference factors, the range of 150 MHz till 400 MHz had been 

chosen as selected data. In particular, it has been observed that this burst occurs in the range 

of 310 MHz till 384 MHz. It decreases with decreasing frequency, and this is readily 

understood by the fact that closed magnetic structures become rarer at increasing altitude. It 

drifts towards low frequencies. In this section we present the results of U burst associated 

with another type bursts. The details of the spectral overview of ANGKASA, Banting, 

Selangor are illustrated in Figure 2.  

The illustrations of such bursts are given in the dynamic spectrum in the left-hand panel 

of Figure 1. In normal case, U burst that is reversed because the representation used here the 

frequencies are decreasing from bottom to top. During 9th March 2012, a strong M 7.9 solar 

flare was recorded from solar Active Region 1429. It is clearly seen an inverted type occurs 

between 310 MHz till 384 MHz within 1 minute. At this stage, electrons traveling to the top 

of the loop generate the branch of the type U burst with negative frequency drift, whereas 

those traveling from the top generate the branch with the positive drift. It was found that M6.3 

solar flare occurred in the active region AR 1429 starting at 03:32 UT and ending at 05:00 

UT, with the peak at 04:12 UT. Associated with this event was type II with velocities 1285 

km/s and type IV radio sweeps along with a full halo CME first seen in SOHO/LASCO C2 

imagery at 09/0426Z. Since the U burst activity (4.12-4.13 UT) coincides with the peak of 

soft X-ray flare (4:12 UT) in AR1429, we associate the region of the radio emission with the 

injection of the energetic particles. There is also a halo of Coronal Mass Ejections (CMEs) 

produced shortly after, and is expected to deliver a glancing blow to the earth’s magnetic field 

sometime March 16th. All these results will be discussed in the next section. In the present 

case, it is proved that U burst occurs as isolated form.  
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Figure 1. Spectrometer CALLISTO identifies an inverted type U solar burst at 4.12-4.13 UT. 
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It looks very thin and believed to decrease with a rate typical of coronal transient 

speeds. The only indication of the type U burst is the continuum of type III burst before it 

happens. We could say that both types generated by a same storm. One could see from the 

Figure 2 is that a continuum type III burst dominated in the range of 234 MHz to 259 MHz. 

One common criterion for this unique type to form in decimetric range is that there is a 

type III storm activity before the evolution of U burst. The observation support the idea that 

type U can be associated with type III at metric and longer wavelengths are only observed in 

transient magnetic loops associated with coronal mass ejections (CMEs). We also found that 

it followed by lanes of a type II burst (4:23-4:28) UT associated with a coronal shock wave. 

 

 
 

Figure 2. Image from the Helioseismic and Magnetic Imager (HMI) on the Solar Dynamics 

Observatory (SDO) shows active region 1429 in the upper left corner. The right figure is the enlarge 

image of AR1429. Credit to NASA/SDO/HMI. 

 

 

Because the observation of U type is the first report from our site, it is of interest to 

understand the chronology of this event. Our understanding of solar burst phenomena is still 

very limited and here we shall discuss the possible ways in which the emission could be 

generated. In order to understand the possible mechanism of dynamical structure of the burst, 

we have investigated relationships and time integrations of the bursts with sunspot active 

region 1429. It is well known that this region the source of many strong flares and 

geomagnetic storms and rotates into view on March 2nd, 2012. It produced two M-class flares 

and one the X-class so far. The M-class flares erupted on March 2nd and on March 4th. The 

third flare, rated an X1, peaked at 10:30 ET on March 4. On 9th March 2012, the sunspot 

number exceeds to 86. This number represents that solar activities are active. Based on the 

GOES X-ray data, solar flare type M6.3 could be observed starting from 03:53 UT and 

continuously trigger within 24 hours. Moreover, type C9 has been detected at 2:25 UT and 

long lasting for six hours. This flare also followed by Coronal Mass Ejections (CMEs) 

confirmed the fact that this active region is still off to the side of the Sun, they will likely have 

a weak effect on Earth’s magnetosphere. Figure 3 shows the active region 1429 recorded on 

2nd March 2012 by the Solar Dynamics Observatory (SDO). Let us consider the chronology 
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of radio emission during this event. It is expected that the AR1429 will active within 3 - 5 

days started from 2nd March 2012, the first day where we could observe this region. The 

detection of solar bursts event has been observed on 9th March 2012 (about 3:32 UT till 5:00 

UT) which is approximately occurring in 1 and half hour (88 minutes). The magnetic island 

formation and coalescence instability reconnection regime are responsible to the 

impulsiveness of different bursts. In order to observe how type U burst occurs, we try to relate 

the type of burst that detected at an early stage and also in the post stage. From our 

observations the evolution of this burst due to other bursts formation is described in Table 1. 
 

Table 1. The evolution of U burst due to other bursts formation. 

 

Time (UT) 
Duration 

(Minutes) 
Type 

3: 41-3:43 2 Beginning signal 

 3:43 - 3:44 1 Single burst type III 

3:45 -3:58 

4:12-4 :13 

4:23-4:25 

4:22-4:26 

4:22-4:27 

4:23-4:28 

4:32-4:44 

4:45-4:46 

13 

1 

2 

4 

5 

5 

12 

1 

Continuum burst type III 

U burst 

Narrowband spikes (decimetric 

emission) 

Type IV (moving) 

Sudden peak type 

Fundamental and Harmonics Type II 

Continuity of solar burst type III 

Type IV (moving) 

 

 

It was observed that at the beginning signal, there is an indicator that strong burst will 

occur due to the strong signal. We can clearly observed a very complex and a group type III 

solar burst at 3:41 UT. The U burst is decreasing with time at 4:13 UT. Interestingly, although 

our wideband frequency is limited to 250 MHz, it is still possible to detect more than one 

type’s burst. In order to understand the phase of each burst take their own place during this 

solar event, we illustrate the formation of other bursts before and after solar burst type U as in 

Figure 1. At first stage of the event, there is a single burst type III been identified at 3:41 UT. 

The result shows that it is confirmed that type III bursts is responsible to potentially form U 

type burst. In specific, the continuum type III burst will soon structure this burst due to our 

observations.  Other types such as type II and IV are only appearing only after type U burst is 

ejected. Since the U burst activity (4:12-4:13) UT coincides with the peak of hard X-ray flare 

(4:12UT) in AR1429, we classified that the region of the radio emission is associated with the 

injection of the energetic particles. We found that other types such as type II and IV are only 

appearing only after type U burst is ejected and appear at the same point of the Coronal Mass 

Ejections (CMEs) event. 

 

 

4.  CONCLUSION         

         

The solar flare occurred on 9th March 2012 and time coverage included the entire time 

coverage and substantial part of the decay phase of the flare. So far, we have studied a 
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spectacular sequence of solar radio burst recorded in the frequency range 150 MHz to 400 

MHz. Yet, this work leads to a better understanding of the relationship between type II, III, 

and U burst activity, the configuration of the magnetic field where they occur and their 

associated with transient events. From the dynamic spectra of the CALLISTO, we have 

identified metric type U burst with maximum emission near the frequency 385 MHz. Further 

progress will likely require us to obtain other data for comparison purpose. There are many 

observations that related to type U burst, but each event is definitely represented a different 

pattern of evolution, range of frequency and the impact of space weather. Therefore, we still 

need to study the evolution of this burst to better understand the behaviour of the Sun. 

However, it is confirmed that type U burst is initiated after a complex and a group solar radio 

burst type III.   
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