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Abstract: Coronal mass ejection (CME) is a huge mass of plasma and magnetic field originated from the Sun. These CME propagates into the 

interplanetary space with different features and structures and is identified as interplanetary coronal mass ejection (ICMEs). When ICMEs 

become faster than proceeding solar wind a shock wave develops. The turbulent region between shock and ICMEs is known as the sheath 

region. Some of them reach the Earth and create different types of disturbances. To understand and describe the proper ties of the different 

structures, producing disturbances of different magnitude and nature, we use the spacecraft measurements of ICMEs with different magnetic 

properties propagating into interplanetary space and generating disturbances. We use their different plasma and field properties to investigate 

for different interplanetary parameters influencing the geomagnetic behaviour by different coronal mass ejections associated features. 

 
Index Terms- Coronal mass ejections, solar wind, shocks, sheath regions, geomagnetic disturbances. 

Introduction 

Interplanetary coronal mass ejections from the Sun are considered as the main source of geomagnetic disturbances ([31],[12],[14]), the form 

of geomagnetic storms or solar energetic particles (SEPs) (see, e.g., [4], [11], [12] and [30] references therein). While all the ICMEs do not 

create the geomagnetic disturbance ([23], [24], [1]). A subset of ICMEs with plasma/field properties is called ICMEs with shocks. When an 

ICME is sufficiently faster than the preceding solar wind, a shock wave develops ahead of the ICME. The turbulent region between the shock 

and the ICME is called the sheath region [18]. ICMEs can be identified by many criteria, although a universal ICME signature is not yet 

determined ([8], [33], [28]). However, typical signatures of ICMEs, when compared to the ambient solar wind, can include one or more of the 

following: strong and smooth magnetic field, low proton temperature and density, low plasma β, smooth and large rotation of the magnetic 

field, declining speed, enhanced helium abundance, counter streaming suprathermal electron beams, enhanced ion-charge states, and others 

(see, e.g., [4], [2], [19], [21], [7], [10], [29], [34], [35] and [6]). 

 
ICMEs and their sheaths and shocks are all interesting structures from space weather disturbances in the heliosphere and planetary 

environments. ICME-driven shock waves can accelerate charged particles to high energies. Sheaths and ICMEs drive practically all intense 
geospace storms at the Earth, and they can also dramatically affect planetary radiation environments and atmospheres. 

 

The ICME occurrence rate can be associated with the solar-cycle phase and generally the solar activity. It is higher during solar maximum and 

lowers during solar minimum (see, e.g., [20]). However, the correlation is not simple, as, for example, during the last solar cycle, the ICME 

rate demonstrated a short decline in 1999, while the solar cycle was rising, and remained high during the years 2004 – 2005 although the solar 

cycle was declining, as indicated by Richardson and Cane [27]. 
 

Fast ICMEs can create shocks in the interplanetary medium. These shocks are often identified by in-situ data as a sudden rise of plasma speed, 
magnetic field, proton density, and proton temperature. When a shock is created and driven by the ICME, we call the area between the shock 

and the ICME a “sheath”. In the sheath, the solar wind is compressed, which leads to an increased magnetic field with large amplitude 

fluctuations. These fluctuations often produce high negative values of the z-component of the magnetic field (Bz ), which are likely to cause 

strong effects in the Earth’s magnetosphere (e.g. [5], [35]). There are many studies concerning catalogues and statistical properties of ICMEs 

(e.g. [3], [14], [21], [32], [15], [16], [28]). In other studies, the properties of ICMEs and their sheaths are compared ([9], [22], [13] and [25]). 

 
We also are discussing the current understanding of space weather consequences of these large-scale solar wind structures, including effects, 
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properties, and consequences of the sheaths and ICMEs. View the ICMEs and their sheath regions, associated with shocks based on 

observations from Richardson and Cane catalogue, and we discuss their role in driving space weather disturbances. It will also be interesting 

to compare recovery characteristics of ICME associated with shocks and no shocks and sheath with shocks and no shocks. 

 
1. ICMEs/sheath during the Time Period 1996 to 2008 (solar cycle 23) 

 

In this study we have identified 325 ICMEs events, many driving interplanetary shocks are identified by their signatures, for the time period 

1996 to 2008, which includes Solar Cycle 23. The data set came from the OMNI near-Earth database at a resolution of one minute and included 

solar-wind and magnetic-field data, which are: magnetic-field strength, their RMS values, down-dusk electric field, solar-wind speed, proton 

density, and plasma β including geomagnetic index Dst and ap. Out of 325 sheath events, only 34% are not associated with shocks while 66% 

are shock associated. 

Table 1: Distribution of geomagnetic disturbances of different intensity (in numbers and in percentage)(Q, W, M, and I) during the passage of 
the sheath 

 

Group Total 

events 

Q(-30nT<Dst<- 

1nT) 

W(-50nT<Dst<- 

30nT) 

M(-100nT<Dst<- 

50nT) 

I(Dst<- 

100nT) 

Shock associated with sheath/ICMEs 213 42(20%) 35(16%) 70(33%) 66(31%) 

No shock associated with 

sheath/ICMEs 

112 41(37%) 32(28%) 31(28%) 8(7%) 

 

To identify them we used an approach similar to that of [17]. In this study, we used the following signatures to define the boundaries of the 

ICMEs: i) strong magnetic-field magnitude, ii) magnetic-field magnitude with decreased variance compared with the ambient solar wind, iii) 

low proton temperature, iv) low proton density, v) low plasma β, vi) smooth and large rotation of the magnetic field, vii) declining speed, and 

viii) driven shock. We visually inspected the data and thoroughly examined the instances where the signatures were applied. It is not necessary 

for all of the above-mentioned signatures to apply in every ICME. However, at least one of i), ii), or vi) combined with at least two of iii), iv), 

v), vii), or viii) must apply. We placed the start and end boundaries on apparent changes or discontinuities of the above-mentioned solar-wind 

parameters. 

 

In the cases where a shock, temporally close, prior to the identified ICME was present, we regarded it as an ICME-driven shock. The shock 

is identified by an abrupt and simultaneous rise in all of the following parameters of the solar wind: magnetic-field strength, speed, and proton 

density. We have observed that in 66% of our cases an ICME-driven shocks are present. 

 
We acknowledge that these sheaths, due to the lack of shocks, probably do not have the same properties as the sheaths with shocks. We placed 

the start boundary of the sheath at the time that any of the different phases ( (i) less than 6 hours, G1, (ii) between 6 and 10 hours; G2 and (iii) 

more than 10 hours; G3) properties started to apparently increase. We chose two published ICME catalogs to compare with our study: the first 

by [28], [15], and [16] updated online until 2010. 

 
2. Superposed epoch analysis for ICMEs/Sheaths when associated with shocks or not 

 

We use superposed epoch analysis on 325events during 1996 to 2008 (or solar cycle) for the plasma/field parameters (magnetic field; B, their 

rms values; rmsB, magnetic field component; Bz, down-dusk electric field; Ey, proton density; N, speed; V and plasma beta; β with two 

geomagnetic parameters Dst and ap indexes. For the study of geo-affectivity we observe the (Dst)min for all individual events during the 

passage of sheath region and categorized into four groups on the bases of Dst as quiet ‘Q- (-30nT<Dst<-1nT)’, weak ‘W- (-50nT<Dst<- 30nT)’, 

moderate ’M- (-100nT<Dst<-50nT)’ and Intense ‘I-(Dst<-100nT)’ and tabulated them into table 1. From table 1, we found when the shocks 

are not associated with sheath 65% produce quiet and weak geomagnetic disturbances and only 35% are strong while in the case when shocks 

are associated with sheath only 36% are quiet and weak. Most of the shock-associated streams produce strong geomagnetic storms (about 

64%). 

 
Fig. 1(a, b, c and d) represents the superposed epoch analysis. Table 2 shows the respective results of the analysis in the form of amplitudes 

with standard error of the mean for the ICMEs/sheath associated with shocks/no shocks. In light of the table 2, we found ICMEs with Sheath 

when associated with shocks have higher amplitudes in comparison to those not associated with shocks and also study the time profile of all 

plasma/ field parameters have their Sudden Storm Commencements (SSC) i.e.; amplitude peak found lag/lead to disturbances (Dst indexes 

peach) is less for shock associated ICMEs and sheath in compare of not associated shock events. We categorize the ICME/Sheath events into 

three convenient groups on the basis of the difference between start times of ICMEs and start time of sheath, for example, (i) less than 6 hours 

(G1), (ii) between 6 and 10 hours (G2) and (iii) more than 10 hours (G3). Fig. (a, b and c) and fig.3 (a, b and c) show the result of superposed 

epoch analysis for groups G1, G2 and G3 without shocks and with shocks respectively. Table 3a and 3b represent the amplitudes time profile 

and standard error of the mean for all plasma/field parameters and indexes for G1, G2 and G3 groups without shocks and with shocks 

respectively. With reference to tables 3a and 3b, we found that the events in group G1, all the parameters have their higher amplitudes in 

comparison of both groups and when associated with shocks have higher amplitudes than no shocks associated events. i.e, when ICMEs start 

as sheaths start at the same time (or after a few hours) amplitudes of all the parameters are enhanced in comparison to those events having a 

far difference. When events having ICEMs start time as sheath start time associated with shocks are more geoeffective in comparison to those 

not associated with shocks. 
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Fig.1a. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of ICMEs without sheath without shock. 
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Fig.1b. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of ICMEs without sheath with shock 

http://www.jetir.org/


© 2021 JETIR September 2021, Volume 8, Issue 9                                                                           www.jetir.org (ISSN-2349-5162) 

JETIRFB06014 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 112 
 

E
y(

m
V

/m
) 

rm
sB

(n
T

) 

10 ICMEs with sheath with no shock 

zero hour as sheath start time 

9 N=112 

8 

 
7 

 
6 

 
5 

-50 0 

1.4 
 

0.7 

 
0.0 

 
-0.7 

 
-1.4 

 
50 100 150 200 250 

 
 
 
 
 
 
 
 
 
 

-50 0 

1.0 

 
0.8 

 
0.6 

 
0.4 

 
0.2 

50 100 150 200 250 

 
 
 
 
 
 
 
 
 
 

-50 0 50 100 150 200 250 

10 
Time(hr) 

 
8 

 

 
6 

 

 
4 

476 

 
459 

 
442 

 
425 

 
408 

-9 

Time(hr) 
0.6 

 
0.3 

 
0.0 

 
-0.3 

 
-0.6 

Time(hr) 

-50 0 50 100 150 200 250 -50 0 50 100 150 200 250 -50 0 50 100 150 200 250 

4 Time(hr) 

 
 
 

2 

 
 
 

0 

-12 

 
-15 

 
-18 

 
-21 

 
-24 

Time(hr) 
24

 

21 
 

18 
 

15 
 

12 
 

9 

Time(hr) 

P
la

sm
a

 


N
(N

/c
m

3
) 

B
(n

T
) 

V
(k

m
/s

) 
B

z(
n

T
) 

D
st

(n
T

) 

ap
(n

T
) 

http://www.jetir.org/


© 2021 JETIR September 2021, Volume 8, Issue 9                                                                           www.jetir.org (ISSN-2349-5162) 

JETIRFB06014 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 113 
 

-50 0 50 100 150 200 250 
Time(hr) 

-50 0 50 100 150 200 250 
Time(hr) 

-50 0 50 100 150 200 250 
Time(hr) 

Fig.1c. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of ICMEs with sheath without shock 
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Fig.1d. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of ICMEs with a sheath with shock. 
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Table 2: Amplitudes with standard error of mean and time obtained from the superposed results for various parameters for the group sheath start time and ICMEs start time associated with shocks and not 

associated with shock. 
 

Group B(nT)   Bz(nT)   rmsB(nT)  N(N/cm3)  V(km/s)  Ey(mV/m)  Plasma Betta  Dst(nT)  Ap(nT)  

 Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) 

ICME 
without 
shock 

1 8.96 0.345 -3 -0.54 0.38 0 0.81 0.068 -1 9.90 0.72 0 460.53 8.65 -4 0.26 0.20 1 0.83 0.08 11 -22.38 2.63 0 24.61 2.82 

ICME with 
Shock 

1 13.54 0.54 8 -2.11 0.48 0 1.26 0.82 -1 11.96 0.67 -1 515.75 9.88 8 1.06 0.28 7 0.84 0.11 9 -53.35 3.79 0 48.82 3.87 

Sheath 
without 
shock 

6 9.24 0.43 1 -0.71 0.31 0 0.95 0.10 2 9.76 0.81 3 456.58 8.34 1 0.33 0.15 6 0.87 0.08 17 -22.36 2.88 7 21.58 2.6 

Sheath with 
shock 

1 13.60 0.45 8 -1.37 0.60 0 2.38 0.17 2 12.30 0.70 7 521.76 10.10 8 0.71 0.34 21 0.83 0.07 12 -51.05 4.36 7 50.12 4.14 

 

Table 3a: Amplitudes with standard error of mean and time obtained from the superposed results for various parameters for the group ICME with sheath (sheath start time as zero hour) associated without 

shocks for the different phase (G-1; gap between sheath start time and ICME start time <6hour, G-2; gap is in between 6 to 10hour and G-3; when gap >10hours) of solar cycle. 
 

Group 

Sheath without shock 

B(nT)   Bz(nT)   rmsB(nT)  N(N/cm3)  V(km/s)  Ey(mV/m)  Plasma Betta  Dst(nT)  Ap(nT)  

Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) 

G-1 1 9.52 0.88 1 -1.07 0.52 0 0.89 0.11 2 10.46 1.00 3 443.13 11.13 1 0.47 0.23 7 0.62 0.05 7 -23.32 4.02 45 21.88 5.88 

G-2 6 9.93 1.64 4 -0.81 0.99 0 1.04 0.41 8 9.54 2.14 7 484.91 21.25 31 0.69 0.49 14 0.68 0.18 32 -24.67 6.36 7 25.67 5.38 

G-3 3 8.97 0.73 16 -1.26 0.76 0 1.10 0.16 2 9.07 1.90 14 476.90 16.37 16 0.69 0.38 6 1.00 0.13 68 -25.97 5.74 9 27.26 6.26 

 

Table 3b: Amplitudes with standard error of mean and time obtained from the superposed results for various parameters for the group ICME with sheath (sheath start time as zero hour) associated with 

shocks for the different phase (G-1; gap between sheath start time and ICME start time <6hour, G-2; gap is in between 6 to 10hour and G-3; when gap >10hours) of solar cycle. 
 

Group 

Sheath 

with 

shock 

B(nT)   Bz(nT)   rmsB(nT)  N(N/cm3)  V(km/s)  Ey(mV/m)  Plasma Betta  Dst(nT)  Ap(nT)  

Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) Hr Am Se(±) 

G-1 5 14.73 1.16 11 -3.15 0.99 0 2.75 0.42 2 12.40 1.27 2 549.02 21.30 11 212 0.68 29 0.82 0.09 12 -62.03 10.36 3 59.51 8.33 

G-2 2 13.54 0.72 26 -2.06 0.85 0 2.43 0.27 2 14.28 1.30 8 526.21 17.58 26 1.02 0.45 20 0.66 0.08 17 -49.42 5.01 7 47.57 6.33 

G-3 3 13.56 0.81 6 -1.59 0.79 0 2.14 0.23 5 13.63 1.17 10 512.80 14.67 6 0.85 0.42 21 0.7 0.08 21 -50.86 4.91 2 47.91 6.39 
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Fig.2a. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of the sheath when the start time of ICMEs and sheath start time gap ≤6 hr without shock. 
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Fig.2b. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of the sheath when start time of ICMEs and sheath start time gap >6hr and≤10hr without 

shock. 
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Fig.2c. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of the sheath when start time of ICMEs and sheath start time gap ≥10hr without shock. 
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Fig.3a. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of the sheath when start time of ICMEs and sheath start time gap ≤6hr with shock. 
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Fig.3b. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of the sheath when start time of ICMEs and sheath start time gap .6hr and ≤10hr with shock. 
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Fig.3c. Superposed epoch analysis results of hourly data for various parameters with respect to the arrival of the sheath when start time of ICMEs and sheath start time gap ≥10hr with shock. 
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Table 4a:Correlation coefficients between plasma parameters and ap-index on the bases of superposed results Main phase(R1) and Recovery phase(R2) for all groups of ICME with sheath (sheath 

start time / ICME start time as zero hour) associated with shocks/ no shocks for the different phase of solar cycle 
 

Group No. of events B(nT)  Bz(nT)  rmsB(nT)  N(N/cm3) V(km/s)  Ey(mV/m)  Plasma Betta Dst(nT) 
  R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

ICME without shock 112 -* 0.45 -* -0.16 -* 0.64 -* 0.41 -* 0.15 -* 0.12 -* -0.35 -* -0.44 

ICME with Shock 213 -* 0.965 -* -0.75 -* 0.71 -* 0.54 -* 0.93 -* 0.74 -* -0.78 -* -0.88 

Sheath without shock 112 0.91 0.71 -0.08 0.07 -0.86 0.49 -0.42 0.53 0.88 0.02 -0.03 -0.10 -0.76 -0.56 -0.62 -0.63 

Sheath with shock 213 0.80 0.96 -0.21 -0.71 -0.94 0.87 0.62 0.67 0.84 0.93 0.19 0.71 -0.55 -0.69 -0.71 -0.87 

Group Sheath without shock 

G-1 60 -0.34 0.67 -0.42 -0.08 0.35 0.57 0.28 0.34 0.67 -0.11 0.49 -0.12 0.31 -0.06 0.40 -0.59 

G-2 21 0.93 0.74 0.03 -0.17 -0.05 0.53 0.02 0.59 0.83 -0.20 -0.20 0.17 -0.75 0.08 -0.90 -0.57 

G-3 31 -0.82 0.65 -0.07 -0.56 -0.14 0.43 -0.24 0.20 0.62 0.48 0.23 0.50 -0.14 -0.16 -0.70 -0.70 

Group Sheath with shock                  

G-1 67 -0.06 -0.84 0.88 0.52 0.84 -0.51 0.46 0.01 -0.16 -0.91 -0.821 -0.50 0.33 0.65 -0.35 -0.90 

G-2 67 0.64 -0.87 0.64 0.45 0.94 -0.39 0.95 -0.06 -0.00 -0.72 -0.71 -0.51 0.77 0.67 0.18 -0.90 

G-3 79 0.26 -0.91 -0.27 0.24 0.94 -0.21 0.62 0.11 -0.42 -0.81 0.26 -0.18 0.47 0.64 0.67 -0.88 

-* very short duration for main phase (only few hours) 

 

 
Table 4b: Correlation coefficients between plasma parameters and Dst index on the bases of superposed results Main phase(R1) and Recovery phase(R2) for all groups of ICME with sheath (sheath 

start time / ICME start time as zero hour) associated with shocks/ no shocks for the different phase of solar cycle 
 

Group No. of events B(nT)  Bz(nT)  rmsB(nT)  N(N/cm3)  V(km/s)  Ey(mV/m) Plasma Betta ap(nT)  

  R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

ICME without shock 112 -0.33 -0.67 -0.46 -0.10 0.83 -0.36 0.92 -0.56 0.69 0.09 0.44 0.07 0.80 0.47 0.74 -0.49 

ICME with Shock 213 0.81 -0.90 0.88 0.49 0.84 -0.57 0.93 0.17 0.71 -0.97 -0.81 -0.55 0.88 0.85 0.94 -0.94 

Sheath without shock 112 -0.62 -0.82 -0.777 -0.31 0.91 -0.36 0.89 -0.61 0.34 0.13 0.75 0.32 0.83 0.56 0.31 -0.61 

Sheath with shock 213 0.14 -0.89 0.70 0.59 0.85 -0.65 0.68 -0.17 0.49 -0.94 -0.78 -0.58 0.83 0.85 -0.35 -0.93 

Group Sheath without shock 

G-1 60 -0.94 -0.62 -0.76 -0.14 0.94 -0.38 0.91 -0.40 0.72 0.14 0.73 0.24 0.91 0.35 0.72 -0.61 

G-2 21 0.47 -0.63 -0.06 0.17 0.70 -0.16 0.74 -0.16 0.67 -0.08 -0.08 -0.18 0.64 0.01 0.26 -0.59 

G-3 31 0.69 -058 0.36 0.42 0.35 -0.04 0.47 0.11 0.13 -0.30 -0.37 -0.30 -0.42 0.34 -0.20 -0.71 

Group Sheath with shock                  

G-1 67 -* 0.95 -* -0.54 -* 0.82 -* 0.58 -* 0.82 -* 0.49 -* -0.49 -* -0.76 

G-2 67 -0.69 0.94 -0.10 -0.55 -0.43 0.66 -0.96 0.61 0.19 0.83 0.31 0.57 -0.44 -0.600 -0.80 -0.85 

G-3 79 -* 0.95 -* -0.50 -* 0.84 -* 0.82 -* 0.92 -* 0.44 -* -0.37 -* -0.63 

-* very short duration for main phase (only few hours) 
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3. Statistical study of ICMEs/sheaths when associated with shocks and no shocks 

 

In order to compare the geomagnetic response of ICMEs/ Sheath we use the statistical study correlation analysis in this study, we do the 

correlation analysis between Dst/ap index and plasma field parameters during the main phase as well as the recovery phase for ICMEs/sheath 

associated or not associated with shocks. Table 4a and 4b represent the results of correlation analysis ap and Dst index respectively. All the 

parameters show a good correlation with ap index during the passage of ICMEs with a sheath with shocks during the recovery phase. In case 

of the Dst index, we get good correlations between plasma/ field parameters for both the main phase as well as recovery phase especially when 

ICMEs/sheath are associated with shocks. However, in the groups, G1, G2 and G3 Dst and ap index show the best correlation with B, rmsB, 

V and Ey during the recovery phase when associated with shocks. 

 

Conclusion 

 

From the analysis performed, we conclude the following. 
 

When ICMEs are associated with sheath are more geoeffective. 

Shocks, when associated with ICMEs/ sheath, are more geoeffective than not associated with shocks. 

Geomagnetic disturbance with Dst and Ap amplitude is best correlated with the magnetic field, plasma velocity and down dusk 

electric field during the recovery phase for all the groups of ICMEs and sheath. 

The recovery time for the geomagnetic storms (Dst or Ap) is lower for ICMEs/sheath without shocks. In other words when shocks 

associated with streams represent a clear picture of correlation with storms. 

In case of G1 group i.e., when ICME with sheath (start time gap<6h) with shocks formed the best correlation with Dst as well as 

Ap for All parameters except density in comparison of other groups. 
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