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Coronal mass ejections associated with short and long
duration X-ray flares
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Abstract. We present the characteristics of Coronal Mass Ejections as-
sociated with X-ray flares and type II radio burst during 23rd solar cycle.
These CME:s are classified into two groups based on flare duration. Group I
events are associated with short duration flares (< 1 hr) and Group II events
are associated with long duration flares (> 1 hr). From the results, group I
events are decelerated more than group II events.

Keywords : Sun: corona — Sun: coronal mass ejections — Sun: solar flares
— Sun - radio burst.

1. Introduction

Coronal Mass Ejection (CME) is an eruption of magnetized plasma from the Sun into
the interplanetary medium. A solar flare is an explosion in the solar atmosphere ob-
served as a sudden flash of electromagnetic radiation emitted from the heated plasma.
CME:s and flares are closely related activity phenomena (Zhang et al. 2001; Temmer
et al. 2008). The physical relationship between CMEs and flares has been a long-
standing elusive issue in solar physics (Kahler 1992; Gosling et al. 1993; Hundhausen
et al. 1999). In statistical views, the more intensive the flares are the greater the pos-
sibility of the flares being associated with CMEs (Andrews 2003; Yashiro et al. 2005)
and higher intensity with longer duration events are more likely to be accompanied by
a CME (Harrison 1995). But, Green et al. (2002) reported that some X-class flares do
not have associated CME. Also, CMEs can occur with flares of any duration (Sheeley
et al. 1983).
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Figure 1. Distributions of a) flare duration and b) X-ray flare class. White and black bars
represent the group I and group II events.

2. Data analysis

For the present study, we utilized the DH-type II radio bursts and solar flares asso-
ciated CMEs (based on their starting time) from the Wind/WAVE spacecraft in the
frequency range of less than 14 MHz listed inhttp://cdaw.gsfc.nasa.gov/CME_
list/radio/waves_type2.html| during 23’ solar cycle (January 1997-December
2007). Since the plane-of-sky-projection introduce errors, in the present paper we
considered only limb events (69 events, CMD >60°) in order to minimize the pro-
jection effects. The properties of CMEs (speed, width and acceleration) are col-
lected from CME catalog, http://cdaw.gsfc.nasa.gov/CME_list| (Yashiro et
al. 2004). The flare properties (such as start, peak and end times) are collected
from the GOES (Geosynchronous Operating Environmental Satellite) soft X-ray data
ftp://ftp.ngdc.noaa.gov/STP/space-weather/solar-data. We are inter-
ested to study the CME properties based on the associated flare duration. The above
events are classified into two groups, such as i) short duration events (42 events < 1
hr) are considered as group I and ii) long duration events (27 events >1 hr) as group
II events (Kahler et al. 2012; Kim et al. 2005).

3. Results

3.1 Flare Properties

Fig.|1!a shows the distribution of flare duration (time between starting and ending of
the flares) associated with CMEs. From this figure, 42 events are distributed in <1
hr (Group 1) and 27 events are distributed in > 1 hr (Group II). The mean duration
of group I and group II are 32 min and 116 min respectively. In group II, 30% of
events are having duration of > 2hr. The flare classes of the two groups associated


http://cdaw.gsfc.nasa.gov/CME_list/radio/waves_type2.html�
http://cdaw.gsfc.nasa.gov/CME_list/radio/waves_type2.html�
http://cdaw.gsfc.nasa.gov/CME_list�
ftp://ftp.ngdc.noaa.gov/STP/space-weather/solar-data�

CME:s associated with short and long duration X-ray flares 89

# of events
# of events

il

0 500 1000 1500 2000 2500 3000 -120 -80 -40 0 40 80 120
CME speed (kms™) CME acceleration (ms»l)

Figure 2. CMEs speed distribution. Figure 3. CMEs acceleration distribution.

with CMEs are shown in Fig. [1!b of group I events and 78% of group II events are
associated with M and X class flares.

3.2 Properties of CMEs
3.2.1 Speed distribution

CME:s speed is an important factor deciding shock propagation in the solar corona.
Fig.2Ishows the distribution of CMEs speed for group I and group II events. In group
I events, 67% of CMEs are fast (> 900 km s~!) whereas in Group II, 93% of events
are fast CMEs. The average speed of Group I events is 1350 (km s~') and for Group
II event is 1490 (km s~!).

3.2.2 Acceleration distribution

The acceleration of group I and group II CME are shown in Fig. 3l In group I events,
29% of CMEs are accelerated and the remaining are decelerated. But, in group II
events, 64% of CME:s are accelerated and remaining are decelerated.

4. Discussion and conclusion

In the above statistical view, most of the CMEs are fast CMEs and showing positive
acceleration in group II than group I. The main acceleration of the CME attained be-
fore it reaches a height (< 2 — 3Ry)and the residual acceleration is followed. The
acceleration phase is dominated by the Lorentz force and the residual force is domi-
nated by the solar wind aerodynamic dragging force (Chen et al. 2003). For group II
events, the Lorentz force is dominating the drag force and showing more acceleration
and for group I events, drag force is dominating and it decelerate the events.
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