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ABSTRACT
In the present paper, the properties of more energetic coronal mass ejections (ECMEs) (kinetic 
energy ≥1E + 30 ergs) observed between the years from 1996 to 2006 were studied. Through this 
period and under certain time-based and spatial conditions 253 Flare-ECMEs were selected . 
These 253 energetic CME-Flare events separated into two groups according to their time of 
detection, Before Flare-ECME events and After Flare–ECME event. This study indicates that the 
mean CME width for both before and after Flare-ECMEs are 90 and 100 degrees, respectively. 
Also, it was found that the before Flare-ECMEs are in average faster than the after Flare-ECMEs. 
The results show also both before and after Flare-ECMEs are wider than other CMEs. Besides it 
was found that the before Flare-ECMEs are in average faster than the after Flare-ECMEs, while the 
after Flare-ECMEs are in average more massive than before Flare – ECMEs. Finally it was found 
that both after and before Flare-ECMEs has negative mean acceleration.
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1. Introduction

Solar flares and coronal mass ejections, CMEs, are two 
important phenomena of the solar activity. The solar flare 
has visibly tense energy of any part of the release output in 
the low corona. It observed as a sudden intensity 
improvement in electromagnetic spectrum. CMEs are 
considered as magnetized plasma ejected from the solar 
corona that they considered as the core cause of geomag
netic storms (Youssef et al. 2013). Previous studies of 
CMEs recommended that there are two types of CMEs; 
CMEs associated with solar flares and CMEs which are 
not associated with flares. Mahrous et al. (2009) studied 
the relation between the solar flares and CMEs during 
solar cycle 23. They found a good linear positive relation 
between the CME energy and the X-ray flare. Youssef 
(2012) studied the CMEs and their associated solar flares 
during the period from 1996 to 2010. He found that the 
majority of the selected CME-Flare associated events 
ejected from the sun after the onset of their associated 
flares. This result withstands the idea that the flares 
produce CMEs as recommended by Dryer M (1996), 
not the idea that the flares are consequences of CMEs as 
proposed by Hundhausen (1999). Also (Youssef et al. 
2013) examined the Post Flare-CME associated events 
by setting temporal and spatial condition. They found 
a practical relation between the CME speed and the flux 
of its associated solar flare. Aranio et al., (2011) have 
examined the relation of 826 CME-Flare associated 
events during the period from 1996 to 2006. They 
found a good correlation between the mass of the 
CMEs and the flux of their associated solar flares. 
Mawad. and Youssef. (2018) examined the properties of 
the selected CME-preflare associated events. They found 

that the CME-preflare events are in average more massive 
and faster than all other CMEs during the same period. 
Also Mawad and Adel-Sattar (2020) studied the CMEs 
associated with gamma-ray bursts solar flares. They 
established that the CME initial speeds of the CME-γ- 
preflare associated events are meanly lower than solar 
wind mean speed and have the value 351 km/s, while 
non-associated CME has a mean value of 322 km/s.

In the present paper, we propose an investigation 
of some properties of ECMEs associated with solar 
flares which are observed during the period 
1996–2006 to understand the properties of these 
more energetic CMEs.

2. Data bases and filtration

The used data in this study was obtained from the 
observations of X-ray flares and CMEs detected by 
GOES Satellite and the Large Angle and 
Spectrometric Coronagraph on board the Solar and 
Heliospheric Observatory SOHO/LASCO catalog. 
During the period from 1996 to 2006 GOES detected 
more than 20,000 solar flare events, where LASCO 
recorded about 12,000 CMEs. The spatial and time- 
based conditions were used to select the CME-Flare 
related events. Also solar wind flow speed data is 
obtained from coordinate Data Analysis Web 
CDAweb during the same period.

2.1. Time-based condition

We initially regulate the time gap to select CMEs 
ejected from the solar corona within ± (1 h) from the 
onset time of their associated flares.
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2.2. Spatial condition

Toward smear spatial condition, CMEs ejected from 
the solar corona need to be near the sites of their 
related flares on the solar surface, so the next condi
tion essentially well be achieved:

; > ׀ ψCME – ψFlare ׀ (Youssef, 2013), where ψCME and 
ψFlare are the position angle of the CME and solar flare on 
the solar disk respectively. ; is the CME angular width.

3. Results and discussion

3.1. CME location on the solar disc

After the application of the above criteria, we obtained 
253 energetic CMEs related to solar flares ((kinetic 
energy ≥1E + 30 ergs) events of the total CMEs. 
Then we separated these 253 energetic CME-Flare 
events into two groups according to their time of 
detection, 132 Before Flare-ECME events (CMEs 
detected before solar flares onset) and 121 After 
Flare–ECME events (CMEs detected after flares). By 
using the same conditions criteria, Mahrous et al. 
(2009) found 224 CME–Flare related events during 
the solar cycle 23. Figure 1 shows Histogram of flare 
latitude and longitude of both before and after Flare- 
ECMEs. From this figure, we noticed that both before 
and after Flare-ECMEs are in average solar disc events 

ejected from regions near the center of the solar disc. 
(Their latitudes and longitudes are < ± 30•).

3.2. CME angular width

The CME angular width is measured as the position 
angle size in the plane of sky. The average value of the 
CME width observed by SOHO is 47• (Yashiro et al. 
2004). The normal CME width detected by Skylab 
and Solwind are 42• and 43• respectively which are in 
good agreement with LASCO result. While the mean 
CME width obtained from figure 2. for both before 
and after Flare-ECMEs are 90 and 100 degrees 
respectively. The present results for the average 
CME width are greater than the previous studies 
because of the selection of the energetic CMEs, 
where the most energetic CMEs have more wide 
CME width. Furthermore figure 3 illustrates that 
the after Flare-ECMEs have a number of halo CMEs 
more than the before Flare-ECMEs.

3.3. CME’s speed

Youssef et al. (2013) found that the mean CME 
linear speed of the post Flare–CME associated 
events was 880 km/s, while the non related CMEs 
to flares speed have an average speed about 
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Figure 1. Histogram of flare latitude and longitude of both before and after flare-ECMEs.
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400 km/s. While (Mawad. and Youssef. 2018) 
found that the CME linear speeds of CME- 
Preflare related events are cruelly of the order of 
the solar wind speed. The results shown in figure 3, 
for the average CME linear speed of before Flare- 
ECMEs and after Flare-ECMEs are 630 km/s and 
600 km/s respectively. The difference between my 
results and the results of previous studies may be 
attributed to difference of the period of each study. 
Figure 3 also shows that the before Flare-ECMEs 
are in average faster than the after Flare-ECMEs. 
Also if we compare the results mean CME linear 
speed in figure 3 to the mean solar wind speed as 
shown in figure 4 during the same period, we 
found that both after and before Flare-ECMEs are 
in average faster than the mean solar wind speed. 
This means that both CMEs normally drag the 
solar wind in the interplanetary space and lose 
some of their kinetic energies. Consequently both 
after and before Flare-CMEs must be decelerated 
and have in usual negative accelerations as cleared 
in the results of.

3.4. CME acceleration

Figure 5 shows that both after and before Flare- 
ECMEs has negative mean acceleration. This negative 
acceleration reflects how both after and before Flare- 
ECMEs interact with the solar wind in the 
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Figure 2. Histogram of CME width of both before and after 
Flare–ECMEs.

0

5

10

15

20

25

30

35

40

150 450 750 1050 1350 1650

After Flare- ECMEs

N
u

m
b

e
r 

o
f 

E
v

e
n

ts

CME Linear Speed (km/s)

Mean CME Linear Speed = 600 km/s

0

5

10

15

20

25

30

35

40

150 450 750 1050 1350 1650

Before Flare - ECMEs

N
u

m
b

e
r 

o
f 

E
v

e
n

ts

CME Linear Speed (km/s)

Mean CME Linear Speed = 630 km/s

Figure 3. Histogram of CME linear speed of both before and after flare–ECMEs.

Figure 4. Time series of solar wind flow speed from january 
1996 to december 2006.
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interplanetary space, since Both CMEs are in average 
faster than the solar wind. This outcome is in arrange
ment with the result of Youssef et al. (2013) who found 
that the post flare–CME related events have average 
deceleration.

3.5. CME mass

The CME Mass is estimated by defining the number of 
electrons in the CME and the CME volume. By using 
radio observations both (Gopalswamy and Hanaoka 
1998) and (Ramesh et al. 2003) evaluated the CME 
mass. While Gopalswamy et al. (1996) used x-ray 
remarks to estimate the mass of CMEs. These studies 
found that the mean values of the CME mass are in the 
order (1014–1015 g) which in generally lower than the 
average CME mass that we obtained of both before 
and after Flare-ECMEs as shown in figure 6. This 
because the LASCO CME detections is bases on the 
white-light mass observations not on radio nor x-ray 
observations. The average CME masses of after Flare- 
ECMEs and before Flare-ECMEs from figure 6 are 
(3.705) E + 15 g and (3.537) E + 15 g respectively, 
for the period from 1996 to 2010. The histograms in 
figure 6 obviously indicated that the after Flare- 
ECMEs are in normal more massive than before 
Flare – ECMEs.

Our results are in agreement with the results obtained 
by Vourlidas et al. (2011) and Shaltout et al. (2019).

3.6. CME mass-width relation

In figure 7 the logarithm of the CME mass is plotted as 
a function of the logarithm of CME width for both 
before and after Flare-ECMEs. R is the linear correla
tion coefficient which refers to the straight line rela
tionship between two variables.

From figure 7 we can see that the linear correlation 
coefficient R of before Flare-ECMEs is greater than 
that for after Flare-ECMEs. R of before Flare-ECMEs 
is = 0.58 and for after Flare-ECMEs is = 0.35. Our 
results differ from the results obtained by Shaltout 
et al. (2019), where they found that the value of R for 
CME-Width relation of Flare-CME events during the 
solar cycle 24 for after and before Flare-ECMEs 
are = 0.75 and 0.85, respectively. The difference in 
results might be attributed to the difference of the 
period of each study where our study covers the solar 
cycle 23 while Shaltout et al. (2019) focused their study 
during solar cycle 24. Or may be owing to the selection 
for only the energetic CMEs for the present study. The 
results in figure 7 also indicate that the mass of the 
before Flare-ECMEs are in average more correlated to 
their width than after Flare–ECMEs.

3.7. Flare properties of flare-ECMEs

The upper panel of figure (8a) demonstrates that both 
before and after Flare-ECMEs has in average the same 
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Figure 5. Histogram of CME acceleration of both before and after Flare-ECMEs.
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flare intensity. While the lower panel of figure figure (8b) 
shows the histogram of flare class of both before and after 
Flare–ECMEs. It is easily to notice that the two CME class 
has the same behavior of the flare classification at the 
different levels of the solar cycle, where the number of 
events is smallest for flare B class, peaks for before C class 
and then declines through M and X class.

Also the lower panel of figure 8(b) shows that the 
distribution of flare class for both AF-ECMEs and BF- 
ECMEs has normal Gaussian distribution.

4. Conclusions

In the present paper, the study of the properties of ener
getic kinetic energy coronal mass ejections detected from 
1996 to 2006 was carried out. During this period 
I selected 253 Flare-ECME associated events by using 
time-based and spatial circumstances. Then the separa
tion of these 253 energetic CME-Flare events into two 
categories according to their time of detection was done 

as Before Flare-ECME events and After Flare-ECME 
events. Finally we compared the physical properties of 
the two categories with each other and with the pervious 
studies. The main results of this study are as follows:

(1) Both before and after Flare-ECMEs are in aver
age solar disc events (ejected from regions near 
have longitudes and latitudes < ± 30•).

(2) After Flare-ECMEs are in usual wider than 
before Flare-ECMEs.

(3) Before Flare-ECMEs are in regular faster than 
the after Flare-ECMEs.

(4) The after Flare-ECMEs are in normal more 
massive than before Flare-ECMEs.

(5) Both after and before Flare-ECMEs has nega
tive mean acceleration.

(6) The histogram of flare class of both before and 
after Flare–ECMEs has the same behavior at the 
different levels of the solar cycle.

(7) Both before and after Flare–ECMEs has in aver
age the similar flare intensity.
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Figure 8. Histogram of flare intensity (a) and class (b) for both before and after flare-ECMEs.
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