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ABSTRACT

In the present work, we will highlight the solar observation during 15th April 2012, solar
filament eruption which is accompanied by an intense and gradual Coronal Mass Ejections (CMEs)
The explosion of CMEs was observed at 2:12:06 UT and also can be observed by the Solar
Dynamics Observatory (SDO) with an Active Region AR1458 is crackling with C-class solar flares.
The solar flare class B3 and C2 were observed beginning 2241 UT and 0142 UT. The event is
considered as second largest CMEs been detected since five years. Although the solar activity within a
few days is considered quite low and there are no proton events were observed at geosynchronous
orbit., the is still an unexpected explosion of CMEs can be occurred. The radio flux number (10.7 cm)
exceeds 10” with the number of sunspot and area of sunspot increased to 77 and 270. The velocity of
CMEs was calculated based on the LASCO?2 data. From the results, it is clearly seen that the range of
the velocity is between 200 kms™ to 2000 kms™'. This wide of range proved that the mechanism of the
CMEs is a gradual process. The explosion of CMEs velocity is located from 80° - 255° from
North of the Sun. We can then conclude that currently, the rearrangement of the magnetic field, and
solar flares may result in the formation of a shock that accelerates particles ahead of the CMEs loop
and an active region play an important character in this event.
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1. INTRODUCTION

Coronal Mass Ejections (CMESs) can be classified as a massive burst of solar wind and
magnetic fields rising above the solar corona that can trigger major disturbances in Earth's
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magnetosphere. Since 1970s, the CMEs has been the most important manifestation of solar
activity that drives the space weather near Earth [1,2]. It is also associated with a whole host
of radio bursts caused by non-thermal electrons accelerated during the eruption process [3].
This event also potentially forms type Il bursts originated from the solar corona, expanding as
they climb. During this explosion, the solar plasma is heated to tens of millions of degrees,
protons and electrons, with nuclei are accelerated to near the speed of light [4]. The super-
heated electrons from CMEs move along the magnetic field lines faster than the solar wind
can flow [5]. The energetic particles are accelerated by CME-driven shocks to very great
energies throughout the interplanetary medium [6]. CMEs that travel far into the
interplanetary (IP) medium and affect the Earth’s space environment if Earth-directed. This
event takes 10" - 10'® kg of plasma from the low corona in the solar wind, to disturb the near-
Earth space if the CME direction is favorable [7].

In principle, the CMEs can be classified into two categories, (i) flare-related CMEs and
(i) CMEs associated with filament eruption [8]. During a solar flare, CMEs also can
potentially be observed. This is due to the magnetic flux in the active region. Normally, we
could observe a Type Ill and Type Il solar burst in this case [3]. Meanwhile, the filament
eruption also can form the CMEs based on the evolution of the sunspot or active region
behavior. The process is very complex and it is not easy to be understood. The dominant of
solar bursts in this category are Type IV and Type Il burst.

In the previous work, we have highlighted this event in radio region from 45-870 MHz
[9]. However, we did not explain in detailed the behavior of the energy in the x-ray region.
Therefore, we make an effort to discuss in detailed because we strongly believed that the
characteristics of CMEs in the x-ray region can provide a detailed finding especially at the
early stage of the phenomena seems it is a short wavelength in the electromagnetic spectrum.
The main objective of this paper is to discuss the domain x-ray region that associated with
Coronal Mass Ejections (CMEs). We used a data from the Solar Dynamic Observatory (SDO)
and GOES Satellite to explain the evolution of the explosions. Detailed on the theory of
CMEs will be discussed in the next section.

2. AN OVERVIEW OF CORONAL MASS EJECTIONS (CMEs)

In principle, there are three distinct mechanisms that are responsible for the Coronal
Mass Ejections (CMEs) explosion: (i) a gradual and (ii) impulsive CMEs [10]. In general, a
gradual CMEs is formed when prominences and their cavities rise up from below coronal
streamers. Their leading edges accelerate gradually to speeds in the range 400-600 kms™
before leaving 30R® [11]. In a few cases it has been possible to deduce ion abundances of
the beam trapped in closed coronal loops from the broad X-ray line intensities observed.
However, for impulsive CMEs, it is often associated with flares and Moreton waves, also
known as a “Tsunami” wave on the visible disk of the Sun.

This fast mode wave has been reported since 1960 and an indication of the main factor
of the CMEs. The explosion can travel directly across the 2-30 RQ© at speeds higher than 750
km s™. This is a very dangerous situation if the event is directed the Earth [12]. The final
mechanism is related to solar burst Type IV, which reflects a third stage of the flare
development which is only attained for larger events and is associated with the ejection of
proton flares during the explosive phase [13]. The schematic diagram of a standard solar
eruption associated with CMEs is illustrated in Figure 1.
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Figure 1. Schematic diagram of Coronal Mass Ejections (CMES) explosion and the solar eruption
at the photosphere of the Sun.

It is strongly believed that the solar eruption is initiated by a hot plasma, which is also
categorized as an ionized state and very high temperature to accelerate the particles to eject.
These particles are the moves outward beginning from the prominence point to the
photosphere of the Sun. The process then produces a shock wave and can be detected as a
Type 1l burst. In the next section, we will discuss in detailed and focus in X-ray region
wavelength.

3. RESULTS AND ANALYSIS

The X-ray region observation has a lot of advantages in the sense of observing the solar
activity. First, this short wavelength can provide a starting point of the eruption. Second, it
tells the major percentage of the energy of the explosions. During 15th April 2012, solar
filament eruption was accompanied by intense CMEs. In the previous work, we found that
there is a Type Il burst associated with this CMEs event. The observation was done at the
National Space Centre Banting, Selangor with the Compound Low Cost Low Frequency
Transportable Observatory (CALLISTO) system. Daily observation of the Sun from 7:00 am
to 7:00 pm has been done since 20" February 2012 [14-16]. Since then, we have successfully
gained a lot of data and new findings of solar burst that very interesting to be discussed and
highlighted [17]. We also have improved the system in term of modified the antenna to obtain
a higher gain testing the antenna from time to time [18,19]. The Radio Frequency Interference
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(RFI) also is another important aspect that need to take into account in our observations [20].
We have chosen this event since it has been the second largest CMEs were detected since five
years [21-26]. For detailed investigation, we used data obtained in an X-ray region. Figure 1
shows an explosion of CMEs observed by the Solar Dynamics Observatory (SDO) with an
Active Region AR1458 is crackling with C-class solar flares. This event has also been
associated with solar flare class B3, which is ejected from the corona of the Sun during 2241
UT and 0142 UT in this active region.

Figure 2. An Active Region of the Sun (Left) and A Coronal Mass Ejections (CMES) from the Sun on
April 15, 2012 (Right). Credit: Solar Dynamics Observatory and sunspot AR1458 is crackling with C-
class solar flares. Credit: SDO/HMI.

The explosion of CMEs was observed at 2:12:06 UT as shown in Figure 3 by LASCO2
coronagraph. The structure of helmet streamers and their instability is not easy to be
understood. However, there is an indication of fast pulsations with a period of sub-second
time that contributes to this event.

2012/04/15 02:12:06

Figure 3. Coronal Mass Ejections at 2:12:06 UT (Credit: LASCO 2).
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The velocity of CMEs was calculated based on the LASCO2 data. From the Figure 4,
it is clearly seen that the range of the velocity is between 200 kms™ to 2000 kms™. This wide
of range proved that the mechanism of the CMEs is a gradual process. The explosion of
CMEs velocity is located from 80° - 255° from North of the Sun.
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Figure 4. The range of velocity of Coronal Mass Ejection at 2:06 UT (Credit: LASCO 2).

4. CONCLUSION

This event since it has been the second largest CMEs were detected since five years. It
should be noted that the radio flux number (10.7 cm) exceeds 102 with the number of sunspot
and area of sunspot increased to 77 and 270. The valuable parameters represent an active
activity occur in the active region. We can then conclude that currently, the rearrangement of
the magnetic field, and solar flares may result in the formation of a shock that accelerates
particles ahead of the CMEs loop and an active region play an important character in this
event.
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