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Abstract: The most dramatic changes in the solar corona occur during coronal mass ejections, or CMEs, during 
which solar material is propelled outward into the heliosphere from regions in the corona not previously participating 
in the solar wind expansion. These ejections often produce major solar wind disturbances, large geomagnetic storms, 
enhancements of moderate energy (MeV) particle fluxes and decreases in the galactic cosmic ray particle flux. The 
present work deals with the influence of different types of coronal mass ejections on cosmic ray intensity and inter-
planetary parameters. The data of different ground based neutron monitor and CME events observed with instruments 
onboard and Wind spacecraft have been used in the present analysis. The method of superposed epoch (Chree) analy-
sis has been used to the arrival times of these CMEs. Further a correlative analysis has also made so as to study the 
correlation between different heliospheric parameters along with cosmic ray intensity during the onset of different 
types of CMEs. The role of CMES in long term modulation will also be discussed.  
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1 Introduction 
 
Recent work indicates that the open magnetic flux from 
coronal holes may be a more important driver of cosmic-
ray modulation than coronal mass ejections (CMEs), 
which originate from closed-field regions on the Sun. 
Earlier, it was thought that solar flares were responsible 
for major interplanetary particle events and geomagnetic 
storms. However, recently we have seen an important 
paradigm shift such that now coronal mass ejections 
(CMEs), not flares, are considered the key causal link 
with solar activity. CMEs are plasma eruptions from the 
solar atmosphere involving previously closed field re-
gions, which are expelled into the interplanetary medium. 
Such regions, and the shocks which they may generate, 
have pronounced effects on cosmic ray densities both 
locally and at some distance away. These energetic par-
ticle effects can often be used to identify CMEs in the 
interplanetary medium, where they are usually called 
`ejecta'. When both the ejecta and shock effects are 
present the resulting cosmic ray event is called a `classic-
al, two-step' Forbush decrease. 
Bieber and Evenson [1] noticed strong enhancements of 
the cosmic ray anisotropy before and during the January 
1997 CME/magnetic cloud. From a multi-station analysis 
of neutron monitor data, they conclude that B×
is a primary source of CME-related anisotropies for 5 

GeV cosmic rays. Evolution of the cosmic ray density 
and density gradients is closely linked to magnetic prop-
erties of the ejecta, and provides information on the 
magnetic cloud and related features as they approach and 
pass Earth. Strong enhancement of the field-aligned 
anisotropy was observed primarily during the 9 hours 
prior to shock arrival condition of Earth. Cane et al. [2] 
reported a significant relationship between CMEs and 
cosmic ray variations. 
Shrivastava [3] argued that the coronal mass ejections in 
association with B-type solar flare might be the reason 
for the enhancement of geomagnetic field variation and 
CMEs indicate its better role in cosmic ray modulation. 
The intensity of galactic cosmic rays measured on Earth 
is related to the Sun's cycle of activity, which is well 
known by astronomers. The solar magnetic field flips 
every 11 years and the number of sunspots and 'coronal 
mass ejections' rises and falls twice in each complete 22-
year cycle. The cosmic ray intensity on Earth also peaks 
twice every 22 years in time with the solar cycle. Cliver 
and Ling [4] have discovered a quirk in this pattern - and 
they believe that coronal mass ejections could be respon-
sible for it. 
Cliver and Ling [4] propose that when cosmic rays im-
pinge on the solar poles early in an 11-year cycle, they 
do not encounter CMEs. But cosmic rays do meet CMEs 
when they approach the equator at this time in the solar 
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cycle. This means that the interaction of cosmic rays with 
the strong magnetic fields of CMEs affects the intensity 
of cosmic rays on Earth. There are many uncertainties 
inherent in predicting long-term trends from relatively 
short-term measurements, as Cliver and Ling point out. 
But the pattern is clearly evident from the data so far. 
 

2 Data Analysis 
 
CME events observed by instruments onboard SOHO 
and Wind space craft for the period 2003-08 have been 
considered for the present work. We have analyzed sixty-
seven CMEs during 2003-08. The temperature and pres-
sure corrected hourly data (counts of neutrons) of cosmic 
ray intensity from Moscow, Kiel and Newyark neutron 
super monitor have been used, where the long-term 
change from the data has been removed by the method of 
trend correction. Chree analysis of superposed epoch has 
been applied on the presure corrected daily average cos-
mic ray intensity data with respect to full hallo CMEs, 
partial hallo CMEs, Asymmetric and Complex 'Full' Halo 
CMEs and asymmetric hallo CMEs. Statistical signific-
ance of the results so obtained is evaluated by using a 
method suitable for Chree analysis. 
 
3 Results and Discussion 
 
Cosmic-ray (CR) observations date back to the first half 
of the 20th century. Together with these observations an 
effort started to study the CR modulation and define the 
parameters that affect it (e.g., Forbush, 1958; Nagashima 
and Morishita, 1980a; Xanthakis, Mavromichalaki, and 
Petropoulos, 1981). Initially all data were restricted to 
ground-based measurements, since only after the 1960s 
were spacecraft able to provide us with data from inter-
planetary space.With the launch of PAMELA in 2006 
and the planned launch of AMS-2 the situation will be 
greatly improved, as these space-borne detectors will 
directly and routinely measure the CR spectrum in a wide 
energy range. However, a major part of the data used in 
research originates from the worldwide neutron monitor 
network, since the Earth provides us with the highest 
accuracy cosmic-ray detector (see Belov, 2000). Only on 
the Earth have CR observations been carried out at the 
same distance from the Sun and within a narrow heliola-
titude range for more than fifty years, covering six solar 
activity cycles and three solar magnetic cycles (Belov, 
2000). The cosmic-ray intensity, as is observed from 
Earth and in Earth’s orbit, exhibits an approximate 11-
year variation anticorrelated with solar activity, with 
perhaps some time lag, a fact that was firstly studied by 
Forbush (1958) and by many subsequent researchers (e.g., 
Pomerantz and Dugal, 1974; Perko and Fisk, 1983). 
Many research groups have tried to express this long-
term variation of the galactic CR intensity through means 
of appropriate solar indices and geophysical parameters, 
such as the sunspot number by Nagashima and Morishita 
(1980a), solar flares by Hatton (1980), and the geomag-

netic index by Chirkov and Kuzmin (1979). Other au-
thors such as Xanthakis, Mavromichalaki, and Petropou-
los (1981) and Nagashima and Morishita (1980b) took 
into account the contribution of more than one parameter 
(solar or geophysical) in the modulation process. Ma-
vromichalaki and Petropoulos (1984) found an empirical 
relation between the modulated CR intensity during the 
20th solar cycle and a combination of the relative sunspot 
number, the number of proton events, and the geomag-
netic index Ap, that was later improved by Mavromicha-
laki and Petropoulos (1987) by including the number of 
corotating solar wind streams.We have selected CMEs 
and divided in to four groups (1) Asymmetric 'Full' Halo 
CMEs, (2) Partial Halo CMEs (3) Asymmetric and Com-
plex 'Full' Halo CMEs and (4) 'Full' Halo CMEs during 
2003-08. We have adopted the Chree analysis of super-
posed epoch to study the effect of these CMEs on cosmic 
ray intensity using the daily average cosmic ray intensity 
of Kiel neutron monitor during 2003-08. 
We have plotted (Figs not shown here) the frequency of 
occurrence of four different types of CMEs identified 
during the period 2003-08. It is clearly noticed that fre-
quency of occurrence of Asymmetric 'Full' Halo CMEs is 
significantly high, whereas frequency of occurrence of 
Asymmetric and Complex 'Full' Halo CMEs is low com-
pared to other CMEs identified during the period of in-
vestigation. It is also noticed that frequency of occur-
rence of full halo and partial halo CMEs is almost equal. 
To study the effect of these CMEs on cosmic ray intensi-
ty, we have adopted the Chree analysis of superposed 
epoch for days – 10 to + 10 and plotted (not shown here) 
as a percent deviation of cosmic ray intensity data of Kiel 
neutron super monitor for 2003-08. Deviation for each 
event is obtained from the overall average of 21 days. 
Epoch day (zero day) correspond to the starting days of 
CMEs. 
From these investigations we observed that all the four 
types of CMEs studied here produced significant distur-
bances in cosmic ray intensity. However, the deviations 
in cosmic ray intensity are more pronounced in case for 
asymmetric and complex full halo CMEs. Short term 
modulation in cosmic ray intensity are caused by inter-
planetary shocks, which are driven by matter that is ex-
pelled from the Sun during a reorganization of the solar 
magnetic field i.e. CMEs. Most of CMEs are related with 
a specific solar flare and generate an interplanetary shock. 
The ejecta known to be the driver of interplanetary 
shocks. Magnetic cloud is also investigated as ejecta.  
These ejecta have a magnetic enhancement, which shows 
a clear rotation in the field direction. The CMEs have 
considerable influence on particle propagation and the 
interaction of these flows with quite solar wind create 
regions of compressed, heated solar wind and shocks, 
which are responsible for the modulation of cosmic rays. 
We have also plotted the scattered diagram between 
cosmic ray intensity and IMF strength (B) along with 
regression line, correlation coefficient (r) to find out the 
possible correlation between these parameters during the 
onset of four different types of CMEs in Fig 1-4. The 
correlation coefficient between these two parameters is 
also calculated. As depicted in the plots and observed 
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correlation coefficient, the cosmic ray intensity shows 
nearly good anti-correlation with IMF strength (B) dur-
ing asymmetric full halo CMEs (r = - 0.44) and partial 
halo CMEs (r = - 0.46), whereas a poor correlation is 
seen between these two during asymmetric and complex 
full halo CMEs (r = - 0.14) and full halo CMEs (r = 
0.24).. 
 
4 Conclusion 
Present investigation depicts that the cosmic ray intensity 
shows nearly good anti-correlation with IMF strength (B) 
during asymmetric full halo CMEs and partial halo 
CMEs, whereas it shows poor correlation with B during 
other CMEs. 
Thus, we can say that CMEs are more effective transient 
modulators of cosmic ray intensity. However, study of 
the simultaneous deviations in solar wind plasma field 
parameters during the passage of these CMEs, their tran-
sit speed, magnetic field enhancements etc. are needs to 
be studied in more detail for establishment a better model. 
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