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Abstract: In the present work, we have investigated the cosmic ray intensity variation due to interplanetary distur-
bances (magnetic clouds) during special type of days (low amplitude anisotropic wave train events). The low ampli-
tude anisotropic wave train events in cosmic ray intensity for two different neutron monitoring stations, using the data 
of ground based neutron monitor has been identified and studied. It is observed that solar wind velocity remains high-
er than normal (> 300 km/s) and interplanetary magnetic field strength B remains lower than normal on the arrival of 
magnetic cloud during low amplitude anisotropic wave train events. It is also noted that the proton density remains 
significantly low during high solar wind velocity, which is expected. The north south component of interplanetary 
magnetic field Bz turns southward prior to one day of the arrival of cloud and remains in the southward direction af-
ter the arrival of cloud. The cosmic ray intensity is found to increase with the increase of solar wind velocity. It is 
noteworthy that decrease in cosmic ray intensity start not at the onset of cloud but after few days. The cosmic ray in-
tensity shows significant variation with respect to north south component of IMF (Bz), latitude angle ( ), Dst in-
dex, geomagnetic activity index (Ap) on the arrival of interplanetary magnetic cloud during low amplitude events...  
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1 Introduction 
 
Magnetic clouds are large (<0.25 AU) interplanetary 
regions with topologies consistent with those of magnetic 
loops. They are of interest because they may be an inter-
planetary signature of coronal mass ejections. Clouds 
have been identified in solar wind data by their magnetic 
properties and by the presence of bidirectional particle 
fluxes. Two possible closed magnetic topologies have 
been considered for clouds: (1) an elongated bottle with 
field lines rooted at both ends in the Sun and (2) a de-
tached magnetic bubble or plasmoid consisting of closed 
field lines. The inferred topologies are also consistent 
with open field lines that converge beyond 1 AU. 
Previously a lot of low amplitude anisotropic wave train 
events have been observed with a significant shift in the 
diurnal time of maximum to co-rotational direction or 
later hours [1 and references therein]. Agrawal and Ber-
covitch [2] have shown that the direction of the 22-year 
component is perpendicular to the diurnal anisotropy 
vector and is along the line 162 -Earh 
line; they have attributed the 11-year component to the 
variation of cut-off rigidity. A significant increase is 

observed in the amplitude of first three harmonics (diur-
nal/semi-diurnal/tri-diurnal) during the passage of high 
speed solar wind stream, whereas the direction of the 
anisotropy have no time variation characteristics asso-
ciated with solar wind velocity and north south compo-
nent of interplanetary magnetic field for three neutron 
monitoring stations located at different geomagnetic 
cutoff rigidities and altitudes [3]. 
Interplanetary magnetic clouds belong to one of the sev-
eral 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 decrease, 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 [4, 5] and the recovery is 
almost complete within a week. Forbush decreases asso-
ciated with shock-associated cloud are caused by mag-
netic field variations associated with interplanetary dis-
turbances [5]. 
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2 Data Analysis 
 
The pressure-corrected data of the Deep River and Goose 
Bay Neutron Monitor (NM) stations (data from http:// 
spidr. ngdc. noaa.gov/ NeutronMonitor) has been sub-
jected to Fourier analysis for the period 1981 – 1994 
after detrending. While performing the analysis of the 
data, all those days discarded having more than three 
continuous hours of data missing. 
Using the long-term plots of the cosmic-ray intensity 
data as well as the amplitude observed from the cosmic-
ray pressure-corrected hourly neutron monitor data using 
harmonic analysis, the low-amplitude wave train events 
(LAE) have been selected. 
On the basis of the above selection criteria we have se-
lected 28 LAEs during the period 1981 – 1994. The hour-
ly cosmic-ray intensity data for Deep River NM station 
[Geog. Lat. 46.10º, Geog. Long. 282.50º, Vertical cut-off 
rigidity 1.02 (GV)] and Goose Bay (Latitude: 53.27N, 
Longitude: -60.40W, Altitude: 46 m, Rigidity 0.64 GV) 
have been investigated in the present study. 
 
 
3 Results and Discussion 
 
The relationship between magnetic clouds, cosmic ray 
decreases and geomagnetic storms has been investigated 
by using some cosmic ray hourly intensities recorded 
with ground-based monitors at Deep River and Goose 
Bay, as well as the geomagnetic activity Dst index, and 
the interplanetary magnetic field (IMF) and the solar 
wind plasma (SWP) bulk-speed, density and temperature 
in the near-Earth space. Due to the interplanetary coronal 
mass ejection (ICME) impacting on slow solar wind, 
there is a sheath upstream of the ICME led by a fast 
forward shock. And the large IMF variations in this 
sheath, which sustain the depressions in the cosmic ray 
intensity during Forbush decreases (FDs), were found not 
to influence the main phase storm, but rather the south-
ward IMF in the said sheath and magnetic cloud was the 
major source in triggering geomagnetic storms, by allow-
ing a strong coupling between the solar wind and the 
magnetosphere. It was also observed that the initial set of 
the main phase storm always began in the sheath where, 
and when, the sustained southward-oriented IMF first 
occurred, but ceased when the IMF was rotated to a 
strong northward-orientation, only to resume at subse-
quent sustained southward-oriented IMF within the 
sheath and the leading (i.e., front) region of the magnetic 
cloud. The front boundary of the magnetic cloud was 
found to be well defined by the relatively high ( 10 nT) 
rms of the IMF components, which prominently sepa-
rates both the Lull region of the sheath and the onset of 
the second decrease of the two-step FD, from the mag-
netic cloud. There were some instances where a two-step 
main phase storm, caused by the combination of a sheath 
and cloud structure, occurred, the two steps sometimes 
both starting in the sheath itself. Also, in some cases, the 

sheath and the leading region of the magnetic cloud to-
gether produced a single-step storm. In addition, en-
hanced IMF south latitude and IMF intensity in the 
sheath and magnetic cloud during the IMF sustained 
southern orientation, were each observed to produce 
enhanced geomagnetic activity, even for intense storms. 
And high SWP bulk speed was found to reduce the depth 
of the Dst index. Therefore, it appears that when the 
magnetosphere is exposed to a sustained southward-
oriented IMF in the magnetic cloud and the sheath pre-
ceding it, a valve (i.e., valve-like IMF direction) opens 
and allows direct transfer of energy between the solar 
wind and the magnetosphere to trigger the geomagnetic 
storms, such that the stronger the sustained IMF south-
ward orientation, the wider the valve opens, the higher 
the SWP bulk speed, the narrower the opening in the 
valve becomes. And the more the IMF strength during 
the IMF southern orientation, the larger is the solar wind 
energy density that is available for transfer through the 
valve. The valve closes when the IMF is rotated to a 
strong northward-orientation, and the geomagnetic 
storms cease. Index terms: 2104 Interplanetary Physics: 
Cosmic rays; 2111 Interplanetary Physics: Ejecta, driver 
gases, and magnetic clouds; 2139 Interplanetary Physics: 
Interplanetary shocks; 7513 Solar Physics, Astrophysics, 
and Astronomy: Coronal mass ejections.The cosmic ray 
intensity, interplanetary magnetic field and solar wind 
plasma parameters along with disturbance storm index 
Dst have been plotted (plots shown elsewhere) to show 
an example of interplanetary positive magnetic cloud 
(magnetic field is directed northward) without shock 
occurred during these events. 
We observed from the plot that solar wind velocity (V) 
remains higher than normal (> 300 km/s) and interplane-
tary magnetic field (IMF) strength B remains lower than 
normal during this period. It is also evident that the pro-
ton density (N) remains significantly low during high 
solar wind velocity, which is expected. The north south 
component of IMF (Bz) turns southward prior to one day 
of the arrival of cloud and remains in the southward 
direction after the arrival of cloud. The cosmic ray inten-
sity is found to increase with the increase of solar wind 
velocity. 
To further find out a possible correlation between these 
parameters on the arrival of magnetic cloud, we have 
plotted (not shown here) scattered plots (for significant 
and good correlation only) and calculated the correlation 
coefficient between them. It is observed that the cosmic 
ray intensity increases with increase of disturbance time 
index (Dst) and show a good positive correlation (r = 
0.65). The north south component of IMF (Bz) is signifi-
cantly increases with the increases of latitude angle (Ө) 
and Dst index and shows significant positive correlation 
with Ө (r = 0.86) and Dst index (r = 0.80). The geomag-
netic activity index (Ap) as depicted in Fig 3 (d-f) signif-
icantly decreases with the increase of Dst index and lati-
tude angle Ө showing significant anti-correlation (r = -
0.84, r = -0.83). However, Ap is found to significantly 
increase with the increase of IMF strength (B) and shows 
positive correlation with B (r = 0.70). The sunspot num-
bers (R) seems to increase with the increase of IMF B 
and shows a good positive correlation with IMF B (r = 
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0.54). The latitude angle Ө observed to increase with the 
increase of disturbance storm time index Dst and shows a 
significant positive correlation (r = 0.80) and cosmic ray 
intensity increases gradually with the increase of Dst 
index and shows a good positive correlation (r = 0.65). 
One can see from the Fig 3j that the proton density (N) 
increases with the increase of IMF strength (B) and 
shows a significant positive correlation (r = 0.84). The 
remaining parameters have no significant correlation 
with each other on the arrival of magnetic cloud during 
LAE. 
To study the effect of these magnetic clouds on cosmic 
ray intensity during LAE, We have adopted the Chree 
analysis of superposed epoch for hours –141 to +121 and 
plotted in Fig 2 as a percent deviation of cosmic ray 
hourly intensity data alongwith statistical error bars (I) 
for Deep River during the period 1981-94. 
Fig 4: Superposed epoch results of cosmic Ray intensity 
at Deep River NM station due to interplanetary magnetic 
clouds alongwith statistical error bars (I) during low 
amplitude anisotropic wave trains. 
 
We can see from this plot that decrease in cosmic ray 
intensity start not at the onset of cloud but after few 
hours. The cosmic ray intensity significantly increases 
before and after 90 hours of the arrival of the magnetic 
cloud and decreases gradually after the passage of the 
magnetic cloud.. 
 
4 Conclusion 
The cosmic ray intensity significantly increases before 
and after 90 hours of the arrival of the magnetic cloud 
and decreases gradually after the passage of the magnetic 
cloud. 
The north south component of IMF (Bz) significantly 
correlated with latitude angle (Ө) and Dst index, whereas 
the geomagnetic activity index (Ap) is significantly anti-
correlated decreases with latitude angle (Ө) and Dst 
index on the arrival of interplanetary magnetic cloud 
during low amplitude anisotropic wave trains.. 
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