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ABSTRACT
This research will focus on the major solar flares (X-Class) from active region AR 10720. All
the data were retrieved and analysed from authority agencies which are SOHO and NOAA. From Xray data, AR 10720 was producing 5 major solar flares namely X1.2, X2.6, X3.8, X1.3 and X7.1 from
106 of total solar flares. From data analysis, all major solar flares were associated with full halo
coronal mass ejection (CME) except for solar flare X1.2. If major solar flare happened early, it will
potentially to happened again in the same AR in the range 1-3 days. The speed of halo-CME was
producing more than 1,000 kms-1. The Dst index shows all major solar flares affected the earth
magnetic field and lead to geomagnetic storms in the ranges 1-3 days after the flares events. From
proton speed data shows there is no obvious pattern towards major solar flares. From of all these data,
prediction of major solar flares can be made in futures research.
Keywords: The Sun, Solar flares, Coronal Mass Ejections, CMEs, Geomagnetic storms

1. INTRODUCTION
The
Earth [1].
the main
activities.

Sun is the sole source of energy in term of heat and light for the daily use on the
It is a G-type main-sequence star (G2V) based on its spectral class and belongs to
sequence of the stars [2]. The Sun also having its own activities called solar
Solar activities are any activities that occur at the Sun especially at corona. Its
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represents active regions (AR), sunspots, flares, coronal mass ejections (CMEs), solar wind
and other solar eruptive events. These activities will produce massive amounts of radiation,
high energy particles (electrons and sometimes protons) and high-speed solar plasma (as solar
wind) into the interplanetary space. It has been revealed that the solar atmosphere has more
aggressive especially in solar corona [3], [4].
Solar flares are a magnetic eruption and sudden release of intense magnetic energy at
the AR (photosphere) and lasting from tens of seconds (impulsive) to a ten of minutes or
hours (gradual). The AR is the region that has a strong magnetic field on the Sun photosphere
and sunspots usually form at AR regions [5]. Also, it can be defined as a sudden, rapid and
intense variation in brightness. Solar flares produce a burst of radiation in the electromagnetic
(EM) wave from radio wave to X-rays and sometimes going to gamma rays [6]. Generally,
solar flares have three main phases (figure1) which are an pre-flares phase, impulsive phase
[7] and gradual phase [8]. The arcade formation and long decay event (LDE) flares can be
observed in gradual phase [7], [9].

…
Pre-flare phase

Impulsive flare phase

Gradual flares phase
Figure 1. The example of solar flares phases for solar flare X5.7 in AR 9077 from
EUV 195Å spectrum.
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During pre-flares, there are appearance of sigmoidal shape just before an impulsive
flare. From the images from SOHO, these sigmoidal shapes will be emergence in 12 minutes
before the impulsive phase. Sometimes it appears like S, C, and J shapes [10]. The sigmoidal
shape suggests that the magnetic fields are emitting their energy from magnetic twisted. This
lead to the suggestion that the eruption because of magnetic twist and MHD helical kink
instabilities [11], [12]. After magnetic reconnection burst (impulsive phase), the magnetic
structure is continuing to reconnect in the form of arcade formation within few hours in
gradual phase. During these times, it will high potential to produce CMEs. Arcade formation
is emitting the radiations in soft X-rays (SXRs) and Extreme Ultra violate (EUV). The
magnetic arcade loop filled by chromospheric plasma and expand into the chromosphere due
to rapidly heated by thermal conduction. This expansion is known as chromospheric
evaporation. The loop arcades have a gradient in temperature, with the outer loops being the
hottest [13]. Later, when the temperature of arcade become cool, the arcade becomes visible
at lower temperatures including EUV and H-alpha [14]–[16].
Table 1. The solar flares class and its effects toward Earth [19].

Solar Flares Class

Peak (W/m2)
between 1 and 8 Å

A

I < 10-7

B

10-7≤ I <10-6

The lowest class of solar flare. These
classes happen commonly during
solar minimum and maximum. No
harmful effects on the earth. The
background flux is often in the Brange during solar maximum and in
the A-range during solar minimum.

C

10-6 ≤ I < 10-5

M

10-5 ≤ I < 10-4

X

Effects

Known as minor solar flares and
sometimes produces the slow CME.
Rarely cause a significant
geomagnetic disturbance here on
Earth.
Medium-large solar flares may cause
radio blackout and radiation storms.
Strong, long duration M-class solar
flares are likely to produce a
CME. There is a high probability
resulting geomagnetic storm.
The strongest solar flare can
cause radio blackout, strong
geomagnetic storming (G4 or G5) and
powerful CMEs.

I ≤ 10-4

-89-

World Scientific News 111 (2018) 87-99

Solar flares are classified according to X-ray intensity in wavelength range 1 to 8
Angstroms (Å) measured by Geostationary Operational Environmental Satellites (GOES)
according to the power of the X-ray flux peak classification near the Earth [17]. There are five
flares class all together which are A, B, C, M, and X. Every class has 9 subs level except for
X class. The dangerous flare is the X-class (major flares). It can be going up to solar flares
X20.0 [18]. Every class has different consequences on Earth. Table 1 shows the solar flares
class with intensity and its effect towards Earth.
Major flares (X class) are complex phenomenon occurs in a solar atmosphere with
many different mechanisms. Major solar flares usually associated with halo-CMEs have
strong influence interplanetary and terrestrial space by shock warn hard EM radiation, strong
energetical particles (SEP), accelerated particles, geomagnetic storm etc [18], [20], [21].
Major solar flares are release solar particles at high speed and bombard the Earth magnetic
field. Major solar flares associated with coronal mass ejections (CMEs) that contain 1012 kg
of material and can move away from the Sun over 1000 kms-1. At this rate, it can lead to space
storm, geomagnetic storms, disturb GPS signal, increases the drag on Low Earth Orbiting
(LEO) satellites, reducing their lifetime in orbit, damages on radio communication and
disrupting or blowing up power system on Earth [22], [23].
Solar flares and CMEs occur due to destabilization of the magnetic structure. However,
the location for both phenomena is different. In general, solar flares occur at the AR magnetic
field (strong magnetic energy) while CME occurs at chromospheres magnetic field (relatively
weak than AR magnetic field) [24], [25]. However, strong CME like halo-CME occur at AR
which is the same location where solar flares are occurring because it requires strong
magnetic energy [18], [26]. The “halo” mean that the CME is appeared fully or nearly fully
surrounding the coronagraph disk. Halo-CMEs can be directly towards the Earth or toward
the others way, however, ≈ 50% of halo-CMEs have a source region that towards the Earth
directions [11]. The relationship between solar flares and CMEs are very complex. They do
not always happen together or to drive each other [27]. However, strong solar flares like solar
flares >X3.0 usually accompany with CME afterwards [28], [29].
Geomagnetic storm is the violent disturbances continuously occurred in the whole
Earth’s magnetosphere for over ten hours or more [30]. The levels of the geomagnetic storm
is classified according to the Disturbance storm time (Dst) index, which can be used to
describe the variations of geomagnetic storms by their intensity. Dst is defined as the mean
value of the variations of horizontal magnetic strength per hour observed by the stations after
being normalized to the equator [30]. When Dst ≤ -30 nT, there will be a geomagnetic storm
[30]. In general, geomagnetic storm can be classified into three main class (table 2).
Table 2. Dst Index and Storm level [31], [32].
DST index

Strom level

Dst < -250 nT

Super Storms (SS)

-250 nT ≤ Dst < -100 nT

Intense Storms (IS)

-100 nT ≤ Dst < -50 nT

Moderate Storms (MS)
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Geomagnetic storm is particularly sensitive to intense southward interplanetary
magnetic field (IMF). These IMF can transfer the magnetic energy from the high-speed solar
wind which produced by solar flares or CMEs to the Earth magnetosphere. These will make
disturbance to Earth’s magnetosphere and leads to geomagnetic storms [31]. Statically study
shows halo-CMEs have geoeffective to produce intensive geomagnetic storms [33].
The main cause of geomagnetic storms is related to IMF structures that have intense and
long durations of southward magnetic fields. These southwards magnetic field orientation
which interconnect with the Earth magnetic field and allow the solar wind particle to transport
their energy into the inner part of Earth magnetospheres. The average speed of solar wind is ≈
400 km s-1 and embedded magnetic field of ≈ 5 nT. Thus, for major geomagnetic storms, the
IMF intensity should have higher than this value and higher speed of solar wind [31].

2. DATA ACQUISITION
This research has used the dataset from various authority agency. AR properties and
solar flares profile are taken from the NGDC data centre under the NOAA agency. NOAA is
the agency that predicting and monitoring space weather. CMEs properties were retrieved
from Large Angle and Spectrometric Coronagraph (LASCO) catalogue online database.
LASCO is one of the equipment onboard in the SOHO spacecraft.
The LASCO is observing the solar corona from 1.1 to 32 solar radii. It is designed to
block light coming from the solar disk, in order to see the extremely faint emission from the
corona region. Meanwhile, Solar wind profile and Dst index are downloaded from ECE data
satellite and World Data Centre for Geomagnetism, Kyoto.

3. RESULT AND DISCUSSION
The active region (AR) 10720 was started to appear at eastern limb of the Sun on
10/01/2005 and finally disappeared at the western limb on 21/01/2005. It reaches to the
maximum area on 15/01/2005 with 1,830 millionth solar hemisphere (Figure 2(a)). During its
11 days across the solar disk, AR 10270 was produced 106 solar flares (18 B class, 66 Class,
17 M class and 5 X class).
In this research, we focus more on major flares namely X1.2, X2.6, X3.8, X1.3 and
X7.1 since it has very significant to the Earth. Solar X7.1 was recorded as the strongest flares
in the AR. AR 10720 also have D types of magnetic configuration (Figure 2(b)). The AR that
have D types of magnetic reconnection have higher tendency to produce major solar flares.
The D type is very active, and the its magnetic configuration is completely intermixing with
other polarity and very complex configurations [34].
The D type likely has a sharp gradient in the current sheet where the flares occur. By
observation, the flash during impulsive phase occurs along the magnetic polarity inversion
line (PIL) and PIL is located where D class shows it characteristics [35], [36].
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(a) Continuum

(b) Magnetogram

Figure 2. Active region AR 10720 in continuum and magnetogram images during Maximum
area. (credit to SOHO).

3. 1. X-ray intensity and CMES
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Figure 3. X-ray intensity of all solar flares in AR 10720.
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The X-ray intensity data in Figure 3 shows solar flares occurrence is so rapidly on 1415/01/2005. This figure also shows in one active region could have multiple of major solar
flares. This due to the magnetic field configuration continues to reform over time or called as
recurrent solar flares events [37].
Note that on 15/01/2005, there two major flares occurring on the same day but in a
different time (Table 3). Besides, if the major solar flares already occur early, it will
potentially happen again in the range 1-3 days. The rapid changes of magnetic configuration
of the AR is possible reason of the AR to release the flares continuously. Grechnev et al. [38]
study the magnetic evolutions of AR 10720 by using photospheric magnetogram images
reported that the magnetic evolution in AR 10720 evolved rapidly that triggered the major
solar flares occurrences. The pattern of major solar flares is very random. It is difficult to see
a clear pattern on major solar flares occurrence in term of build-up energy. Table 3 shows
major solar flares associated with CME with its speeds.
Table 3. Major solar flares and CME speed.
Date
(solar flare
Class)

Time flares
(UT)

Time
CME
(UT)

CME Speed
(kms-1)

15/01/2005

00:43
(X1.2)

NA

NA

15/01/2005

23:02
(X2.6)

23:06
(Halo)

2,861

17/01/2005

9:52
(X3.8)

9:54
(Halo)

2,547

19/01/2005

8:22
(X1.3)

8:29
(Halo)

2,020

20/01/2005

6:54
(X7.1)

6:54
(Halo)

3,242

All major solar flares experience halo-CME except for solar flare X1.2. The time of
major solar flares and CMEs events are different in a few minutes except for solar flares X7.1,
solar flare and CME time is simultaneous [28], [29]. CME speed on 20/01/2005 due to solar
flare X7.1 was recorded as 882 kms-1 on the LASCO catalogues. The speed is quite low
compared to another halo-CMEs.
This is due to the sensor at SOHO spacecraft was contaminated by SEP. Thus, the data
is not reliable. However, Gopalswamy [39] made a correction and estimates a sky-plane speed
of 3,242 kms-1 at 06:54 UT. The relation between major solar flare intensity and CME speed
in Figure 4 shows there are no direct trends. It can say that CMEs speed in AR 10720 is
independently from flares intensity.
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CME Speed vs Date
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Figure 4. Correlation between CME speed and solar flares.

3. 2. Disturbance storm time (Dst) index
Dst index shows (Figure 5) there are 4 peak geomagnetic storms have occurred. There
are continuous geomagnetic storms in moderate storm level was experiences in 3 days on 1720/01/2005 and there is one intense geomagnetic storm level was happened on 18/01/2005.
After further analysis, a geomagnetic storm is no happen on the same day with major solar
flares.
This shows that the charger particle from solar flares and CMEs is travelling slow from
the Sun relatively to the X-ray waves [40]. Therefore, the precaution steps and early warning
can be announcing after major solar flares was recorded at X-ray sensors. Solar flares X1.2
and X2.6 affected on D1, solar flares X3.8 effected on D2, solar flares X1.3 effected on D3 and
solar flares X7.1 effected on D4. Table 4 shows the Dst value and level.
The pattern of the proton speed (Figure 6) is cannot be seen clearly. The fastest proton
speed that has been recorded is 946 kms-1 for solar flares X3.8. After that, the proton speed
has dropped to 340 kms-1 despite two major solar flares occurring. On 26/01/2005, there was
a rise in proton speed. However, this increasing pattern can be ignored as it has been 8 days
from solar flares events. This graph shows, the proton speed is independently from solar flares
event and intensity. From this graph, not all major solar flares are carrying massive amount of
proton changes towards the earth.
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Dst index vs Date
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Figure 5. The Dst index from 14-27 January 2005.

Table 4. Dst value and level.
Date and Time
(UT)

Dst Value

Dst level

17/1/2005
00:40

-65 (D1)

Moderate

18/1/2005
00:90

-103 (D2)

Intense

19/1/2005
11:00

-80 (D3)

Moderate

22/1/2005
00:70

-97 (D4)

Moderate
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Proton Speed vs Date
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Figure 6. Proton speed during major solar flares

4. CONCLUSIONS
From this research, there 4 conclusions can be made:
1) From X-ray analysis, if the major solar flares already occur, it will potentially happen
again in the range 1-3 days due to due to continuities of magnetic field reformation.
The pattern of major solar flares is very random. It is difficult to see a clear pattern on
major solar flares occurrence in term of build-up energy.
2) From CMEs analysis, all major solar flares were producing halo-CMEs. However,
CMEs speed is independently from flares intensity. Major solar flares are procced
CMEs time in few minutes.
3) From Dst index analysis, the effect of the geomagnetic storm due to major flares can
be seen in the ranges 1-3 days after the major flares was detected. Thus, precaution
steps can be made earlier.
4) From solar proton speed data, there is no clear pattern or relation between solar flares
event and speed of proton particles. It seems that proton speed is independently from
solar flares intensity.
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