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The present papers compares the properties of slow and fast coronal mass ejections (CMEs) associated with intensive
flare (>M5.0 X-ray class) during 2008-2013 in solar cycle 24. The CMEs are separated into two groups based on speed:
Group I containing 31 CME events with speed below 900 km s and Group II containing 27 CME events with speed above
900 km s™'. The mean CME speeds of Groups I and II are found to be 558 and 1629 km s™', respectively and the mean CME
width of the Group II is slightly higher than Group I. The CMEs of Group II are highly decelerated than the CMEs of
Group I. It is found that the rise time and duration of intensive flares of Group II is slightly greater than those of Group I.
While 60% of Group I events are located on the southern hemisphere, 85% of Group II events are located on the northern
hemisphere. Further, the number of halos, DH type IIs, Solar energetic particle (SEP) events associated with Group II are 2,
3 and 6 times, respectively that of Group I. Utilizing the density models of suitably connecting the corona and interplanetary
medium, the shock formation height of DH type radio bursts are found to be in the height range 2-6 R, and the
maximum estimated distance of shock are found to be in the height range 16-215 R, . The mean shock speed of Group I and
Group II events (599 and 1359 km s™', respectively) are in agreement with the CME speed. On comparison of slow and fast
events, the faster events are found to be mostly decelerated, mostly associated with stronger storms, more number of

DH type II bursts and SEPs.
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1 Introduction

Coronal mass ejections (CMEs) are large
scale magnetized plasma structure originated from
the Sun and ejected into the interplanetary medium
through solar corona. They are important source for
various activities, like geomagnetic storms and solar
energetic particle (SEP) emission. CMEs have been
observed using coronagraphs in Solar and
Heliospheric Observatory (SOHO) / Large Angle
Solar Coronagraph (LASCO) and Solar Terrestrial
Relations Observatory (STEREO) missions'?. As it is
known, CMEs also have been observed using
coronagraphs in Orbiting Solar Observatory-7
(0SO-7), Skylab, P78-1, Solar Maximum Mission
(SMM), and Yohkoh?; solar flares are also observed
in H-alpha wavelength by spacecraft. They are
classified as A, B, C, M and X class according to the
peak flux of X-ray intensity (10® to 10* watts m™) as
measured by GOES spacecraft. Many of the strong
flare-CME associated events are related with major

SEP emission above 10 particle flux unit (pfu)
(Ref. 4). Generally, CME speed lies between
200 and 2000 km s, CMEs below 400 km s speed
are accelerated and CMEs above 400 km s’ are
decelerated by solar wind interaction’.

Chandra et al. ® compared the properties of CMEs
associated with SEP events and type II bursts in the
rising phases of Solar cycle (SC) 23 and 24. They
grouped the events according to SEP intensity as
weak (intensity < 1 pfu), minor (1 pfu < intensity < 10
pfu) and major (intensity => 10 pfu). They found that
most of the major SEP events are associated with halo
CMEs originated close to the sun center and western
hemisphere. Also, the fraction of halo CMEs in SC
24 is larger than the SC 23 and for major SEP events,
the average CME speeds are higher in comparison
to the minor and weak events.

According to Yashiro & Gopalswamy’, the flare-
CME association rate increases with peak flux,
fluence and duration of flare. In an another study, the
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CMEs and their associated activities for the period
19972006 were analyzed by Gopalswamy et al.®
and they reported that CMEs associated with type II
bursts events having emission components at all
wavelengths (metric to kilometric) produce large SEP
events. Hence, the study of strong flares and their
associated activities are important. A majority of
CMEs producing DH type II bursts have mean
speed around 900 km s and they were found to be
associated with SEP events”''. The aim of the present
work is to compare the properties of slow (V < 900
km s) and fast CMEs (V > 900 km s") associated
with intensive flares; and to study their associated
effects, such as DH type II radio bursts, SEP events
and geomagnetic storms.

2 Data selection

The events, observed during December 2008 -
December 2013 in solar cycle 24, were classified into
two groups based on the CME speed (V < 900 km s™
as Group I and V > 900 km s™ as Group II). Since
900 km s indicates the average Alfvenic velocity'’,
it was chosen as a critical velocity. These events were
associated with intensive X-ray flares of flare-class
above M5.0. All the X-ray flare data were obtained
from the online data catalog maintained by Solar
Geophysical Data Centre (http://www.ngdc.noaa.gov/
stp/space-weather/solar-data/solar-features/solar-flares
/x-rays/goes/). The CME data were taken from the
online CME catalog http://cdaw.gsfc.nasa.gov/CME
(Ref. 11). The first detection time of a CME in
LASCO-C2 has to be within an hour after the flare
onset and their source locations were also checked.
One-hour is chosen as time window because most of
the CMEs reach the LASCO C2 field of view within
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one hour from the flare onset'>. The data of DH
type II radio burst were taken from the list available in
http://cdaw.gsfc.nasa.gov/CME_list/radio/waves_type
2.html. The Solar Energetic Particle (SEP) proton data
at energy >10 Mev in particle flux unit (pfu) was
considered from the website http://umbra.nascom.org
[since these major SEPs are believed to be associated
with the earth directed CMEs].

Using the above selection criteria, 58 events were
selected out of 67 flares of >M5.0 in the solar cycle
24. Nine events were excluded due to unclear flare
location or non-CME association. The events were
classified according to CME speed, as Group I
containing 31 slow speed CME events (<900 km s™)
and Group II containing 27 high speed CME events
(>900 km s). Flare, CME and their associated
activities of Group I and II are listed in Tables 1 and 2,
respectively. All the CME data (date, year, time of
first detection in LASCO, speed, acceleration, CPA
and width); the flare data [location, onset time, rise
time (Fr), duration (Fd) and GOES X-ray flare-class];
the SEP intensity (in pfu) and presence of type
IT radio burst in DH (decameter-hectometric) range
and the Dst index are listed in these tables. A set of
12 events is found to be associated with proton
emission of particle flux >10 pfu. These events are
notable events listed in NOAA space weather alerts
(www.solarcycle24.com).

3 Results and Discussion
3.1 Properties of solar flares

Figure 1 shows the flare locations associated with
slow (Group I) and fast CME (Group II) events. The
distribution of solar flare location of Group I events
shows that 61% (19 out of 31) events are located in

o Group Il

Fig. 1 — Distribution of flare locations: (left) Group I; (right) Group II
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the southern hemisphere of the sun. On the other
hand, the right panel in Fig. 2 shows 85% (23 out
of 27) Group II events are located in the northern
hemisphere. All the events are located between
+32 degrees in latitude from the solar equator. This
shows that the intensive flare associated fast halo
CMESs/SEPs are active in the northern hemisphere of
the sun. Hence, the North-West quadrant is found to
be mostly occupied by Group II events. This is
consistent with Chandra er al.’ that the SEPs source
regions are mostly in the northern hemisphere during
the rising phase of solar cycle 24.

The distribution of number of events in
flare classes of M5.0 - M10.0, X0.0 - X5.0 and
X5.1 — X10.0 are shown in Fig. 2. The left panel
shows the distribution of X-ray flare class of Group I
events. More number of events (65%, 20 out of 31)
are distributed between the flare class of M5.0-M10.0.
The right panel shows the distribution of X-ray flare
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class of Group II events. In contrast to Group I, nearly
equal number of events is distributed between the
M and X-class for Group II. Rise time and duration of
the flares are estimated and their distributions are
shown in Fig. 3. It is clearly evident from this figure
that the Group II flares are more than two times
longer than Group I. The mean flare rise time of
Group I and Group II events are found to be 14 and
30 minutes, respectively. Similarly, the mean flare
duration of Group I and Group II events are found
to be 23 and 51 minutes, respectively. The longer
duration of flare refers the prolonged energy input
to the initial acceleration of CMEs"” and so, the
high speed of CMEs. For example, Annalakshmi &
Umapathy'* studied the CME properties of short and
long duration flares in which they found that the
CMEs associated with long duration flares have
greater mean speed. From the values in Tables 1 and
2, 70% of the Group II events (19 out of 27) are found
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Fig. 2 — Distribution of number of intensive X-ray flares: (left panel) Group I; (right panel) Group II.

30 T T T T T T

Group | || 30 ) : ) : ) : i iGmupl |
—_1Group lI [ Group Ii;
25 - 1 25 1 |
L
= 20 24
a -1 -
e 18
O 1 4
% 10 - 10 4
=
5 - 5 ) ]
0 - | e ) ﬂ r il

0-2 21-40 41-60 61-80 81-100 above 100

FLARE RISE TIME, min

0-2 21-40 41-60 61 80 81- 100 above 100

FLARE DURATION, min
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Table 1 — List of slower Group I CME events and their associated activities in solar cycle 24
S CME Flare SEP  Dst
no DD-Mon Year Time, Speed, Accelaration, CPA, Width, Location Time, Fr, Fd, Flare SEP, Index,
hh:mm km s ms” deg deg hh:mm min min Class pfu nT
uT uT
1 07-Feb 2010 03:54 421 0.5 Halo 360 N21E11 02:20 14 19 M64 - -7
2 12-Feb 2010 13:42 509 -18.3* Halo 360 N21E10 11:19 7 9 MS8.3 - -59°
3 06-Nov 2010 16:12 178 5.3% 109 33 S20E58 15:27 9 17 M54 - -
4 13-Feb 2011 1836 373 24.4% 359 276 S20E05 17:28 10 19 M6.6 -/Dh -
5 15-Feb 2011 02:24 669 -18.3 Halo 360  S20W12  01:44 12 22 X22 -/Dh -32°
6  18-Feb 2011 12:12 350 93.8%* 281 89 S21W55  09:55 16 20 M6.6 - -
7 09-Mar 2011 23:05 332 -23% 356 155 NO8SWI11  23:13 10 16  X1.5 - -
8 03-Aug 2011 14:00 610 -12.2% Halo 360 NI6W30  13:17 31 53 M6.0 - -115°
9  06-Sep 2011 02:24 782 105.6* Halo 360 N14W07  01:35 15 30 M53 -/Dh -
10 06-Sep 2011 23:05 575 1.1%* Halo 360 NI14W18  22:12 8 12 X21 -/Dh -75%
11 07-Sep 2011 23:05 792 -3.0% 299 167 NI4W31  22:32 6 12 X1.8 - -
12 08-Sep 2011 16:36 214 16.9% 317 37 N14W41 15:32 14 20 Me6.7 - -
13 25-Sep 2011 05:12 788 -22.5% 98 193 NI13ES0  04:31 19 34 M74 -/Dh -
14 02-Jul 2012 11:24 313 -3.2 174 125 S17E06 10:43 9 14 MS5.6 - -
15 05-Jul 2012 13:24 741 1.9 219 98 S18W52 11:39 5 10  Mé6.1 - -
16 12-Jul 2012 16:48 885 195.6* Halo 360  S15WO01 15:37 72 113 X14 96/Dh -127*
17 28-Jul 2012 21:12 420 -6.8 Halo 360 S25E54 20:44 12 20 Meé6.1 - -
18 20-Oct 2012 18:36 330 -4.2% 76 130 S12E88 18:05 9 14 M9.0 - -
19  13-Nov 2012 02:24 851 -10.9 119 141 S25E46 01:58 6 8 M6.0 - -
20 11-Apr 2013 07:24 861 -8.1 Halo 360 NIOWO01  06:55 21 34 M6.5 114/Dh  -6°
21  03-May 2013 18:05 858 -8 86 274 N15E83 17:24 8 17 MS5.7 - -
22 07-Jun 2013 23:12 770 2.2 204 150  S32wW83 17:24 8 17 MS5.7 - -
23 24-Oct 2013 01:25 399 -17 Halo 360 S10E08 00:21 14 M9.J7 - -
24 25-Oct 2013 08:12 587 -13.7 Halo 360 SO08E73 07:53 8 16  X1.7 - -
25  28-Oct 2013 02:24 695 -12.1 Halo 360 NO04W66  01:41 22 31 X1.0 - -
26 01-Nov 2013 20:24 268 3.7 179 42 S11EO01 19:46 7 12 M63 - -
27  05-Nov 2013 22:36 562 -5.8 160 195 S15E46 22:07 5 8 X33 - -
28 08-Nov 2013 03:24 497 11.7 Halo 360  S14WI15  04:20 6 9 X1.1 - -
29 10-Nov 2013 05:36 682 -41.8 220 262  S14W13  05:08 6 10 X1.1 - -
30 19-Nov 2013 10:36 740 -2 Halo 360  S14W70 10:14 12 20 X1.0 -/Dh -
31  31-Dec 2013 22:36 271 2.9 237 87 S15W36  21:45 13 35 Mo64 - -

to be decelerated in contrast to 58% of Group I events
(18 out of 31). This result is consistent with the result
of Yashiro et al. 3, Manoharan et al.'>, Manoharan’
and also Annalakshmi & Umapathy'* in which they
reported that the faster CMEs (> 900 km s are
mostly decelerated.

3.2 Properties of Coronal Mass Ejection

The CME speed for Group I and Group II events
are different in the ranges 178 - 861 km s and 950 -
2684 km s, respectively. Figure 4 shows the
distribution of CME speed. The mean CME speed
for Group I and Group II events are found to be
557 and 1629 km s, respectively. Figure 5 shows

the distribution of CME width. The CME width of
Group I events lie in the range 33-360 degrees,
whereas the width of Group II CMEs lie mostly
around 300-360degrees.

Table 3 shows the solar activity association
rate (flares, CMEs, DH Type IIs and SEPs).
The associated activities such as DH type II and
SEP are found to be very less in Group I as compared
to Group II. The reason is mainly the speed
of the CMEs. The slow speed events in Group I most
probably do not able to drive a strong shock and
hence not able to produce DH type IIs and also not
able to accelerate SEPs'’.
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Table 2 — List of faster Group Il CME events and their associated activities in solar cycle 24
S No CME Flare SEP Dst
DD-Mon Year Time, Speed, Accelaration CPA, Width, Location Time, Fr, Fd, Flare  SEP, Index,
hh:mm km s ,ms” deg deg hh:mm min min Class pfu nT
UT UuT
1 04-Aug 2011 04:12 1315 -41.1 Halo 360 NI19W36 03:41 16 23 M9.3 96/Dh -115%
2 09-Aug 2011 08:12 1610 -40.6 Halo 360 N17W69 0741 17 20 X6.9 26/Dh -
3 22-Sep 2011 10:48 1905 -68.3 Halo 360 NO9E89  10:29 32 75 X1.4 35Dh -3°
4 24-Sep 2011 09:48 1936 -25% 92 145 NI13E61  09:21 19 27 X1.9 - -
5 24-Sep 2011 12:48 1915 79.6 Halo 360 NIOES6  12:33 37 97 M7.1 -/Dh -118*
6 03-Nov 2011 23:30 991 -40.5 Halo 360 N21E64  20:16 11 16 X1.9 - -
7 23-Jan 2012 04:00 2175 28 Halo 360 N28W21  03:38 21 56 MS8.7 6310/Dh -73°
8 27-Jan 2012 18:27 2508 165.9 Halo 360 N27W71  17:37 60 79 X1.7 796/Dh -
9  05-Mar 2012 04:00 1531 -24.6 Halo 360 NI17E52  02:30 99 133 X1.1 -/Dh  -72°
10 07-Mar 2012 01:30 1825 -160 Halo 360 NI5E26 01:05 9 18 X1.3 - -
11  07-Mar 2012 00:24 2684 -88.2 Halo 360 N17E24  00:02 22 38 X5.4 6530/Dh -131*
12 09-Mar 2012 04:26 950 -13.5% Halo 360 NI5W03 03:22 31 56 M63 -/Dh  -29°
13 10-Mar 2012 18:12 1379 24.1 Halo 360 N17W24 1715 29 75 M84 -/Dh  -50°
14 13-Mar 2012 17:36 1884 45.6 Halo 360 N17W66  17:12 29 73 M7.9 469/Dh -74°
15 17-May 2012 01:48 1582 -51.8 Halo 360 N11W76 01:25 22 49 M5.1 255/Dh -
16  06-Jul 2012 23:24 1828 -56.1 Halo 360 SI13W59  23:01 7 13 X1.1 25/Dh -
17  08-Jul 2012 16:54 1495 -85.3 219 157 S14W86  16:23 9 19 M6.9  -/Dh -
18 19-Jul 2012 05:24 1631 -8 Halo 360 SI13W88  04:17 101 159 M7.7  -/Dh -
19 18-Aug 2012 00:48 986 12.5 62 145 N20E62  00:24 38 43 M5.5 - -
20 13-May 2013  02:00 1270 15.9 Halo 360 NI1E89 01:53 24 39 X1.7  -/Dh -
21 13-May 2013 16:07 1850 -76.6 Halo 360 NOSE89  15:48 17 28 X2.8 -/Dh -
22 14-May 2013 01:25 2625 -51 Halo 360 NOSE77  00:00 71 80 X3.2 -/Dh -
23 15-May 2013 01:48 1366 -52.1 Halo 360 NIOE68  01:25 23 33 X12 41/Dh -55°
24 22-May 2013  13:35 1466 -13.2 Halo 360 NISW70 13:08 24 60 M5.0 1660/Dh -48°
25  25-Oct 2013 15:12 1081 =252 Halo 360 SO06E69  14:51 13 21 X2.1 -/Dh -
26 28-Oct 2013 04:48 1201 -45.2 315 156 NOSW71 04:32 9 14 M5.1  -/Dh -
27  29-Oct 2013 22:00 1001 -29.7 Halo 360 NO5SW89 21:42 12 19 X2.3 - -
20 T E Group | Table 3 — Number of intensive flares and their associated
Group Il events in cycles 23 and 24
15 - 1 Activity Number of events
2 Group I (31) Group II (27)
% 1 MS5-M10 class flare 20 (65%) 12 (44%)
w 101 X1-X5 class flare 11 (36%) 13 (48%)
g T X5-X10 class flare 0 (0%) 2 (7%)
- 5 - Geomagnetic storms 7 (23%) 11 (41%)
il Halo CMEs 14 (45%) 23 (85%)
DH Type II bursts 8 (26%) 22 (81%)
0 ‘0 500 1600 1‘500 2600 SEP events 2 (7T%) 11 (41%)

CME SPEED, km s

Fig. 4 — Distribution of CME speed for Group I and Group II

3.3 Properties of interplanetary type II radio bursts

As seen in Table 3, only 26% of CMEs in Group I
have produced DH type II bursts in contrast to 81% of
Group II events. Table 4 shows the properties of DH

type II associated with CME events, viz. CME data
(date, year, time of first detection in LASCO, speed);
and radio burst data (drift rate, start distance, end
distance, shock speed). The starting frequency of most
of DH type II events varies between 16 and 1.5 MHz.
The starting and ending frequencies indicate the
height at which the plasma radio emission from the
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Fig. 5 — Distribution of CME width for: (left) Group I; (right) Group II

Table 4 — Properties of DH Type II Radio bursts corresponding to the Group I and I CMEs

CME Type II Radio burst
S No DD-Mon Year Time, Speed, Drift rate, Start distance, Maximum Shock speed,
hh:mm UT km s KHz s™! R, distance, R, km s
Group I
1 13-Feb 2011 18:36 373 13.3 2.4 3 696
2 15-Feb 2011 02:24 669 0.9 2.4 26.1 948
3 06-Sep 2011 02:24 782 0.18 2.8 51.8 437
4 06-Sep 2011 23:05 575 0.26 2.4 69 750
5 25-Sep 2011 05:12 788 4.44 2.4 3 232
6 12-Jul 2012 16:48 885 0.24 2.8 41.5 460
7 11-Apr 2013 07:24 861 0.35 2.7 30 671
8 19-Nov 2013 10:36 740 0.4 2.8 102 1979
Group I1

1 04-Aug 2011 04:12 1315 0.1 2.9 170 879
2 09-Aug 2011 08:12 1610 13.3 2.4 4.1 1315
3 22-Sep 2011 10:48 1905 0.3 2.8 150 2203
4 24-Sep 2011 12:48 1915 0.44 2.4 34.6 627
5 23-Jan 2012 04:00 2175 0.13 2.4 215 1174
6 27-Jan 2012 18:27 2508 0.43 2.4 69 1256
7 05-Mar 2012 04:00 1531 0.52 2.4 26.1 550
8 07-Mar 2012 00:24 2684 0.11 2.4 250 1141
9 09-Mar 2012 04:26 950 1.88 2.8 109 817
10 10-Mar 2012 18:12 1379 0.21 2.8 250 2571
11 13-Mar 2012 17:36 1884 0.68 2.4 51.8 1488
12 17-May 2012 01:48 1582 0.93 2.4 34.6 1334
13 06-Jul 2012 23:24 1828 0.97 2.4 34.6 1383
14 08-Jul 2012 16:54 1495 0.2 2.4 34.6 1149
15 19-Jul 2012 05:24 1631 1.47 4.5 17.5 3016
16 13-May 2013 02:00 1270 5.83 2.4 6.2 1102
17 13-May 2013 16:07 1850 1.5 2.4 34.6 2075
18 14-May 2013 01:25 2625 3.23 2.4 149 1834
19 15-May 2013 01:48 1366 0.77 10.1 41.5 2023
20 22-May 2013 13:35 1466 0.11 2.4 69 315
21 25-Oct 2013 15:12 1081 0.59 2.4 51.8 1290
22 28-Oct 2013 04:48 1201 0.53 2.4 51.8 1321
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shocks becomes visible'®'". The type II's starting

height was estimated using Hybrid electron density
model'®, and the type II ending height was estimated
using 2-fold Leblanc electron density model".
The hybrid model is valid for the distance > 1.2 R, .
The distance of shock in Group I events lies in
the height range 3-42 R, . In Group II, the shock
distance lies between 4 and 250 R. . It means that the
Group II shocks can reach longer distance than Group I.
Pohjolainen et al.”® studied about the origin of wide
band IP type II bursts and found that the both CME-
solar wind interaction and synchrotron mechanism are
the important cause of production of IP type II bursts.
They reported the association of wide band IP type 11
burst with SEP emission. In the present study, all the
SEP events in both groups are found to be associated
with DH type II bursts. Chandra ez al.” reported that
the average CME speeds of major SEPs are higher in
comparison to the minor and weak events in solar
cycle 24. Likewise, in the present study, the Group II
faster events are found to be mostly associated with
major SEPs. The shock speed was estimated using the
following relation:

Vshock = AH/At = (HIIstart - HIIend) / (TIIstart - TIIend)

where, Hyge and Hyenq, are the type II starting and
ending heights determined using the density models;
Tisare @and Tpeng, are the starting and ending times
of Type II noted from the observations. The mean
shock speed of DH type II bursts in Group I is
599 km s and that of Group II is 1359 km s™.
In the IP medium, the shock/CME acceleration
mainly depends on solar wind speed, density, CME
initial speed and the ejection of any pre-CMEs from
the same or nearby active region. The heights of radio
emissions corresponding to the starting and ending
frequencies of all DH type IIs of both groups
are shown in Fig. 6, where most of the DH type II
emission started between 2 and 10 R, in both groups.
The plasma emission frequencies between 16 and
2 MHz occur in that distance range'’. In certain
events, the starting frequency 16 MHz may be the
continuum frequency emission from metric band to
DH band. Gopalswamy et al.'' found the shock
formation (using wave diameter and leading edge
methods) heights substantially below 1.5 R, for
CMEs associated with metric type II bursts and
mentioned that few cases was close to 2 R, . But, in
the present study, DH type II bursts have been
selected and the shock formation is, thus, greater than

2 R, . The shock producing CMEs are able to accelerate
particles and produce SEP events.

The mean ending frequency of Group II (~ 0.5 MHz)
events is comparably higher than that of Group I
(~ 0.2 MHz) events. It is due to the speed that the
driftness in the faster CMEs extends in a more precise
way. It suggests that the shocks associated with slow
CMEs with lesser kinetic energy in Group I may
become weaker'® at a faster rate. On the other hand,
the lower ending frequencies of DH type II radio
emission of Group I and II events suggest that their
shocks are stronger up to a very long distance
in the IP medium.

3.4 Geomagnetic storms

The Dst index were noted from Richardson/Cane
list (http://www.srl.caltech.edu/ACE/ASC/DATA/
level3/icmetable2.htm), which are marked as ‘a’ in
the last column of Tables 1 and 2. Also, storms
data were collected separately from http://wdc.kugi.
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Fig. 6 — (Top): Starting frequency versus distance derived from
electron density models [Hybrid model and Leblanc model] in the
DH frequency range; (Bottom): Ending frequency versus distance
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kyoto-u.ac.jp/Dst_provisional/index.html during
the ICME/IP shock arrival time taken from
http://umtof.umd.edu/pm/FIGS.HTML for certain

events and they are marked as ‘b’ in the last column
of Tables 1 and 2. It is found that 7 events in
Group I and 11 events in Group II produced geo-
magnetic storms. The mean Dst index of the Group I
events is -55 nT and the Group II events is -70 nT.
The fast CMEs have produced slightly stronger
storm (greater negative Dst) than the slow CMEs.
It is in agreement with the results of Srivatsava
& Venkatakrishnan®'.

4 Conclusions

The properties of slower and faster CMEs
associated with strong X-ray flares of class > M5.0
in solar cycle 24 are analyzed. Also, their
effects/ associated activities such as, X-ray flares,
DH type II radio bursts, SEPs and geomagnetic
storms are compared. The following results are
emerged from this study:

@) The mean CME speed of Groups I and II are
found to be 558 and 1629 km s'. The mean
CME width of Group II is slightly higher than
the Group I CMEs. The CMEs of Group II are
highly decelerated than the CMEs of Group 1.

(i1)  The rise time and duration of intensive flares
of Group II are slightly greater than those
of Group L.

@iii)) The shock formation height of DH type radio
bursts is found to be in the height range
2-10 R, . This result is in agreement with the
result of Gopalswamy et al.'' that they
estimated the shock height of metric type II
burst as 1.5 — 2 R, but in the present study the
DH type II formation exceeds 2 R, .

(iv) The maximum distance reached by the
shocks of Group II are found to be little
longer in the height range 16 - 215 R, than
Group I events.

(v)  The mean shock speed of Group I and Group II
events are estimated to be 599 and 1359 km s,
respectively which is similar to those of
CME speeds.

(vi) The Group II faster events are found to be

mostly associated with major SEPs, which is in

consistent with Chandra ef al.’.

The mean Dst of Group I and Group II events

are found to be -55 and -70 nT, respectively.

(vil)

The above results indicate that the faster events are
more associated with stronger storms, more number
of DH type II bursts and SEPs.
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