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Abstract: An investigation has been made so as to study the cosmic-ray decreases occurring during
2006 with respect to the arrival times of interplanetary shocks and magnetic clouds. We have identi-
fied three interplanetary magnetic cloud events during 5, February 2006, 13 April 2006 and 14 April
2006. The interplanetary magnetic field (B), north south component of interplanetary magnetic field
(Bz), solar wind velocity, sunspot number (R) and disturbance storm time index (Dst) associated with
these events has been studied in the present work. The data (neutron monitor count rate) from Newark
Neutron Monitor 9NM64 has been used. The north south component of IMF (Bz) produce large geo-
magnetic disturbance on the onset of interplanetary magnetic clouds. The deviations in the interplane-
tary and solar wind plasma parameters are significantly correlated to the magnetic cloud events. The
increase in Dst index, sunspot number (R) and Bz after the magnetic cloud event produces increase in

cosmic ray intensity.

Introduction

Interplanetary magnetic clouds belong to one of
the several classes of transient flows in the solar
wind. Magnetic clouds as ideal force free objects
(cylinders or spheres) are ejected near the sun and
followed beyond the Earths orbit. It is found that
the decrease in cosmic ray intensity, which are
associated with magnetic cloud preceded by a
shock, are very high and these decrease starts few
days earlier than the arrival of cloud at Earth.
From the study of the time profile of these de-
crease, it is found that the onset time of a Forbush
type decrease produced by a shock associated
cloud starts nearly at the time of arrival of the
shock front at the Earth [1-2] and the recovery is
almost complete with in a week.

Nowadays, the analysis of spacecraft data reveals
that these events are common in the solar wind.
About 30% of coronal mass ejections (CMEs)
observed in the solar wind exhibit internal field
rotations, characteristic of magnetic flux rope.
However, the relationship between the CMEs

observed near the Sun and magnetic clouds is
poorly understood.

Forbush decreases associated with shock-
associated cloud are caused by magnetic field
variations associated with interplanetary distur-
bances [2]. Badruddin et al. [3] have reported a
possible correlation between magnetic clouds and
cosmic ray intensity decrease while Kudo et al.
[4] have reported an increases in cosmic ray in-
tensity that may be related to the geomagnetic Dy,
index and Iucci et al. [5] have found short term
increase in CR intensity occurring inside the
Forbush decrease, that possible may be associated
with magnetic clouds. Zhang and Burlaga [6]
infer that the cosmic rays are mainly modulated
by fluctuation rather than by drifting in the strong
smooth field in the magnetic cloud.

The magnetic clouds can interact with other flows
[7]. Magnetic clouds are ideal objects for solar
terrestrial studies because of their simplicity and
extended intervals of southward and northward
magnetic fields [8]. Gosling [9] has shown that
approximately 1/3 of interplanetary manifesta-
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tions of solar ejecta (also called CMEs by some
authors) are magnetic clouds. A magnetic cloud
like a well defined CME acts as a driver and
forms a driver shock wave; propagation and
properties of the shock and driver it self. Hence
like interplanetary shock, magnetic clouds pro-
vide us with a link between ejected material, field
and energy on the sun and significant magneto
spheric activity via solar wind.

These events are not always associated with in-
terplanetary shocks but only when they travel
faster than the ambient solar wind. Besides the
identification of magnetic clouds locating cloud
boundaries is an open problem Lepping et al.,
[10]. Zhang and Burlaga [6] showed that the
clouds are usually spatially shorter than the inter-
val defined by counter-streaming electrons, sug-
gesting that the clouds are parts of larger transient
structures.

Many workers have shown the structure and dy-
namics of interplanetary magnetic clouds and
their effects on the magneto sheath and magneto-
sphere. The association of geomagnetic activity to
magnetic clouds and other IMF features are given
by Farrugia et al. [10] and Tsurutani and Gon-
zalez [11]. Farrugia et al. [12] have shown that a
major geomagnetic storm and associated aurora
were produced by the extended interval of the
negative B, in the front part of magnetic cloud.
As the magnetic cloud moved past the Earth, the
magnetic field slowly rotated northward giving an
extended interval with positive B, in which the
geomagnetic activity subsided.

Data and analysis

The temperature and pressure corrected hourly
data (counts of neutrons) of cosmic ray intensity
from Newark Neutron Monitor (Latitude 39.70N,
Longitude 75.70W, Altitude 50 m, Standard pres-
sure 1000 mb, Geomagnetic cut-off rigidity 2.09
GV) have been used, where the long-term change
from the data has been removed by the method of
trend correction. The days of Forbush decreases
have also been removed from the analysis to
avoid their influence in cosmic ray variation.
Interplanetary magnetic field and solar wind
plasma data have been taken from the interplane-
tary medium data book.

Results and Discussion

The influence of interplanetary magnetic clouds
on cosmic ray intensity and various heliospheric
parameters is very complex and hence needs
detailed investigations. In the present work we
have identified three interplanetary magnetic
clouds during the year 2006 to study their effect
on cosmic ray intensity variation, geomagnetic
field and interplanetary parameters. Using the
methodology of Zhang and Burlaga [6] we have
identified three interplanetary magnetic cloud
events (5, February 2006, 13 April 2006 and 14
April 2006) during 2006 to study their influence
on interplanetary, solar wind plasma as well as on
cosmic ray intensity.
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Fig 1: Daily variation of cosmic rays from -11 to
+10 day for the magnetic cloud event of February
5, 2006 alongwith interplanetary magnetic field
(B), north-south component of interplanetary
magnetic field (Bz), solar wind velocity, sunspot
numbers (R), disturbance time index (Dst).
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Figure 1 represents the magnetic cloud event of
February 5, 2006. The onset time of magnetic
cloud is 1910 Hr UT on day 036. In Fig 1 the
upper panel (a) shows the daily average of hourly
cosmic ray count rate (Newark neutron monitor)
from January 25, 2006 to February 15, 2006 i.e.
11 days prior and 10 days after the onset of mag-
netic cloud event. The daily average of inter-
planetary magnetic field (B), north south compo-
nent of interplanetary magnetic field (Bz), solar
wind velocity, sunspot number (R) and distur-
bance storm time index (Dst) associated with this
event is also plotted in different panels of the
figure.

As one can see from the plot that the cosmic ray
intensity is observed to increase 11 days prior to
onset of magnetic cloud event and then decrease
for one day and further increases for few days and
decreases significantly on February 12, 2006 with
some deviations. The interplanetary magnetic
field B is increases significantly from 6 days prior
to 1 day after the event with some depression on
February 4, 2006 then decrease significantly up to
4 days after the event. The systematic variations
are seen in the Bz component of interplanetary
magnetic field 11 days prior to the event upto the
onset of magnetic cloud and then decrease sig-
nificantly after one day of the event and then
increase significantly up to 2 day after the event
and then systematic variations continued up to 10
days after the event.

The solar wind velocity is seems to remain con-
stant before and after 5 days of the onset of mag-
netic cloud. The sunspot number (R) significantly
decreases 11 days prior to the event 6 days prior
to the event and then significantly remains con-
stant upto 1 day after the event. The abrupt
change is observed in the sunspot numbers after 1
day of the onset of magnetic cloud. The distur-
bance time index, Dst is found to increase signifi-
cantly 10 days prior to the event up to 5 days
prior to the event and then decreases upto 1 day
prior to the event. On the onset of magnetic cloud
the Dst decreases significantly for 1 day and then
increase upto 5 days after the event.

It is noted that on the onset of magnetic cloud the
cosmic ray intensity, Bz component of IMF, Dis-
turbance storm time index Dst found to decrease

for one day and then all the three components
increases gradually, whereas interplanetary mag-
netic field B increases for one day and then de-
crease sharply. However the solar wind velocity
found to remain constant and sunspot number (R)
increases after one day of the onset of cloud with
some depression.

The disturbance storm time index (Dst ) has been
taken as a level of geomagnetic disturbance.
North south component of interplanetary mag-
netic field Bz turns southward immediately after
the magnetic cloud event. This southward turning
of Bz produces large geomagnetic disturbances,
which reflects in Dst value. Increase in Dst index,
sunspot number (R) and Bz after the magnetic
cloud event seems to be associated with cosmic
ray intensity increase. We have rigorously studied
all the three magnetic clouds and found the simi-
lar trends in all the cases.

Conclusions

From the present investigations following conclu-
sions may be drawn:

e The north south component of IMF (Bz)
produce large geomagnetic disturbance on
the onset of interplanetary magnetic cloud.

¢ The deviations in the interplanetary and solar
wind plasma parameters are significantly cor-
related to the magnetic cloud events.

e The increase in Dst index, sunspot number
(R) and Bz after the magnetic cloud event
produces increase in cosmic ray intensity.
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