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Abstract

This paper highlighted on the unique occurrence of the Solar Radio Burst
Type III (SRBT III) during the high activities of the Sun. e-CALLISTO
network is the system that responsible for the observation of the Sun 24 hours
per day, which is a program under IHY/UNBSSI and ISWI instrument
deployment program. The data was taken from one of the part of e-CALLISTO
network which is Bleien, Switzerland. The event that had been selected was on
27th August 2015 since there was two subtypes of SRBT III can be obviously
observed during the day within 12:00 UT till 12:05 UT. The current condition
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of solar wind speed is 348 km/s with density 8.4 protons/cm3. Besides the
magnetic flux also quite high which is 13.4 nT. Regarding the detection of
SRBT III, the x-ray flux data from Solar Monitor shows there is strong class m-
flare also occur. The strong flare is also believed to have high temperature due
to the high magnetic field. A geo-effective explosion was occur even though
the sunspot no longer directly facing on the earth. The active region AR2403
was predicted can potentially cause radio blackout and radiation storm as long
as the sunspot remains visible.

Keywords: CALLISTO network system, Solar Radio Burst, Solar Flare.

1 Introduction

The CALLISTO spectrometer is a programmable heterodyne receiver built in
the framework of IHY2007 and ISWI by former Radio and Plasma Physics
Group (PI Christian Monstein) at ETH Zurich, Switzerland [1]. CALLISTO
is a network that is able to continuously observe the solar radio spectrum
which is a program under IHY/UNBSSI and ISWI instrument deployment
program [2]. All Callisto spectrometer all over the world form the e-Callisto
network. e-CALLISTO is an acronym and stands for extended Compact
Astronomical Low Cost Frequency Instrument for Spectroscopy and Trans-
portable Observatory that is a worldwide network of frequency-agile solar
spectrometer [3]. This network has a receiver instrument named CALLISTO
which is inspired from one of the name Jupiter’s larger moons.

This device was designed by Christian Monstein from institute for Astro-
physics, ETH Zurich, Switzerland. The goal of e-Callisto is to provide
worldwide network that can monitored solar radio burst for 24 hours per
day [4]. At present, more than 66 instruments have been installed at more than
35 locations, with users from more than 92 countries in the e-CALLISTO
network. In this project, instrument deployment including education and
training of observers was financially supported by SNF, SSAA, and NASA,
institute forAstronomy and North South Center of ETH Zurich and few private
sponsors. Figure 1 shows the distribution of e-CALLISTO instruments around
the world [5].

CALLISTO is completed by two systems which are indoor and outdoor
system. For outdoor, it has CALLISTO antenna and low-noise preamplifier.
Meanwhile, indoor consist of indoor amplifier, CALLISTO Receiver, and PC.
Figure 2 shows the schematic diagram of connection of CALLISTO system.
The total frequency range of CALLISTO is from 45 MHz to 870 MHz [6].
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Figure 1 World CALLISTO Spectrometer network.

Figure 2 The schematic diagram of connection of CALLISTO system.

Credit to: ROOPA Nandita PIRTHEE Sagar Girish Kumar Beeharry.
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The CALLISTO system has proven to be valuable new tool for monitoring
solar activity. Besides, it has become an instrument for identifying the nature
of solar radio emission from solar eruptions [7]. One of the uniqueness of the
CALLISTO spectrometer network is, because of the collaboration of many
countries, the Sun can be monitored 24 hours per day and all the data available
online. In Figure 1, there are red triangles and orange stars. Red triangles are
stations which provide data while station represented by orange stars do not
provide data for several reasons.

Nowadays, the interaction between the Sun and the Earth is clearly of
particular interest. A wealth of solar phenomena has been found through the
Sun atmosphere such solar flare and Coronal Mass Ejections (CMEs) [8]. It
is also believed that there is possibility that erratic solar effects on the Earth’s
climate could be very important [9]. The sun interacts with the earth through
its particle emission as well as its electromagnetic radiation. During the high
solar activity, the solar wind increase caused the magnetosphere of the earth
disturbed thus the magnetic storm and aurora will be formed [10]. Solar wind is
the situation where the charged particle, primarily electrons and protons flow
out from the surface of the Sun. Space radio instrument have been designed
to provide at least some information on the location of the radio source [11].

The Sun produces five different types of solar radio burst (I–IV). Type III
burst one of the best indicators of release electron beams near the Sun along
open magnetic field lines [12]. A solar type III radio burst is a transient burst of
radio emission that starts at higher frequencies and drifts to lower frequencies
as a function of time [13]. Noted that some of these type III radio bursts at
kilometric wavelengths, associated with major flares, were unusually intense
and had very complex and long-lasting intensity – time profiles near 1 MHz
[14]. It should also be theoretically possible to observe hard X-rays associated
with the type III producing electron beams in the upper corona [15].

As mention earlier, solar flare is one of the phenomena of the Sun.
Observation of solar flare in all region of electromagnetic spectrum from
visible to gamma ray provides a wealth of information. Solar flare produce
copious amount of coherent radio wave, which have been classified for more
than 40 years into different classes [16]. Type IIIs are among the most studied
solar coherent burst and generally occur at the beginning of the impulsive
phase of a solar flare [17]. The x-ray and ultraviolet radiation provide evidence
that locally very high temperature during flare outburst [18].

Solar flare that has the most significant effect on earth is the largest solar
flare named X-class flares [19]. Some of the effects are long lasting radiation
storms in the upper atmosphere and trigger blackouts. There are also other
type of flare which is Medium size M-class flares which can cause brief radio
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blackouts in the polar region and the occasional minor radiation storms [20].
Meanwhile, C-class flares have few noticeable consequences. Since X-class
flare is the largest solar flare, absorbing it will affects the atmosphere. It will
results in increase in heat and an expansion of the Earth ionosphere [21].

It is believed that solar activities such as and solar flare have a very
close connection and significant impact of the climate changes and Earth’s
environment [5]. The value of solar radio bursts at low frequencies lies in the
fact that they originate in the same layers of the solar atmosphere in which geo-
effective disturbances probably originate: the layers where energy is released
in solar flares, where energetic particles are accelerated, and where coronal
mass ejections (CMEs) are launched [22]. The dynamical behaviour of the
Sun exhibits a variety of physical phenomena, some of which are still not at
all or only barely understood due to the complexity of the structure of the
Sun [23].

2 Methodology

In this study, the data were taken from Bleien’s Callisto Spectrometer since the
data taken was really clear with less noise as compared to the other spectro-
meter and the maintenance of the spectrometer is really good. Besides, some
information were also taken from space agency such National Aeronautics
and Space Administration (NASA), Solar Monitor, Space Weather Prediction
Centre and SOHO Observatory that make their data available online so that
the observation can be made more detail.

Figure 3 shows the Long Wavelength Antenna (LWA) in Bleien and it
Callisto coverage. This antenna covers the frequency range 45 till 870 MHz
that provide a very good data of Solar Radio Burst. The maximum coverage
that Bleien has is within May to Jun which the data of Solar Radio Burst
available start from 03:00 UT to 19:00 UT. Basically, the signal from the feed
will be fed into the receivers and it will be converted to a first intermediate
frequency of 37.7 MHz by two local oscillators. The event that had been
selected was on 27th August 2015 since there was two subtypes of SRBT III
can be obviously observed during the day within 12:00 UT till 12:05 UT.

3 Result and Analysis

Figure 4 shows complex and single type III Solar Radio Burst were observed
on 27th August 2015 which both of them occur within 12:00 UT to 12:05 UT
and the sunspot active region (AR) is AR2403. It is unique because two types
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Figure 3 Long wavelength antenna and Callisto coverage of Blein Switzerland.

Figure 4 Solar radio burst type III on 27th August 2015.

of subtypes SRBT III occur continuously after one another. For the complex
SRBT III it was drifted from 20 MHz to 80 MHz. meanwhile for the single
SRBT III it was drifted from 35 MHz to 80 MHz. The duration for the
first SRBT III is approximately one minute and the second SRB only about
30 seconds.
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Table 1 Table of condition of space weather on 27th August 2015
Solar Wind’s Speed 348 km/s
Proton density 8.4 protons/cm3

Interplanetary mag. field 13.4 nT

During the day, the space weather were show in Table 1.
It was observed that the interplanetary magnetic field really high which

is 13.4 nT. Since magnetic reconnection was the primary energy release
mechanism in solar phenomena thus the higher the magnetic field the higher
the temperature of the flare. This relationship can be confirmed by the
relation (1). Whereby B is magnetic field, n0 is proton density, and L height
of flare.

Tflare = 3 × 107
(

B
50 G

) 6
7 ( n0

109cm−3

)−1
7 ×

(
L

109cm

) 2
7

K (1)

Figure 5 shows the x-ray flux data for 25th August till 28th August 2015.
It can be observed that the highest class of flare was on 27th August 2015.

Figure 5 X-ray flux data for 25th till 28th August 2015.
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The day before, 26th August the x-ray flux data shows the flare on that day
C9 class flare. It indicates that the flare can be even bigger.

Space Weather predicted that there might be a huge flare on 27th August
2015 due to the high interplanetary magnetic field and high flare temperature.
The x-ray flux data from solar monitor shows that M2 class of flare occurred
during the day. M class flare was considered as a strong flare after X class
flare which also can caused impact to the earth. Sunspot AR403 was observed
approaching the limb of sun. A geo-effective explosion was happen even
though the sunspot no longer directly facing on the earth. AR2403 was
predicted can potentially cause radio blackout and radiation storm as long
as the sunspot remains visible.

4 Conclusion

Solar Radio Burst Type III is one of the best indicator for the solar flare event
that occurred during the high solar activities. The powerful of the explosion
or the flare are related to the magnetic field of the active region of the Sun
through the process of magnetic reconnection. The stronger the magnetic field
of the active region, the higher the temperature of the flare thus resulting in high
class of flare.Acontinuous observation on the Sun is critical since it affects the
condition of the earth and sometimes will affect the high technology activities.
If the impact of the flare is only a minor impact it will caused the beautiful
aurora.
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