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Abstract: Galactic cosmic rays in the energy range from several hundred MeV to tens of GeV are subject to helios-
pheric modulation which changes their intensity and spectrum during the 11-year solar cycle. In order to be studied 
the cosmic-ray long-term modulation monthly cosmic-ray data of the Deep River and Inuvik Neutron Monitor Sta-
tions for the 20-23 solar-cycles have been used. Examining the hysteresis phenomenon of these data with different 
solar, interplanetary and terrestrial parameters we have noticed some interesting characteristics for the last solar cycle. 
According to an established empirical model we have attempted to reproduce to a certain degree the long-term mod-
ulation of the galactic cosmic-rays. A comparison with previous solar cycles has been made with noteworthing results 
for the odd and even solar cycles. A comparison of the cosmic neutron monitor intensity with variation of geomagnet-
ic disturbance Dst, solar wind velocity (V), interplanetary magnetic field strength (B), their product (V x B) near the 
Earth for the period 1964-2010 has been presented so as to establish a possible correlation between them. We used 
the hourly averaged cosmic ray counts observed with ground based neutron monitors located at different latitude. It is 
noteworthy that for four different solar cycles (20-23) the cosmic ray intensity is found to anti-correlated with sunspot 
numbers (Rz) and interplanetary magnetic field strength (B) with some discrepancy. However, the interplanetary 
magnetic field strength shows a good positive correlation with Rz for four different solar cycles.  
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1 Introduction 
 
One of the main problems of heliospheric research is to 
determine how solar activity is related to the interplane-
tary and geomagnetic phenomena that produce the 1 l-
year variation of cosmic-rays. Lockwood and Webber /l/ 
have shown that the Neutron Monitor rates are strongly 
correlated with the tilt of the neutral sheet during the 
onset of the current modulation cycle. It is noted that the 
modulation of cosmic rays by corotating interacition 
regions in a framework incorporates both drifts and dif-
fusion. Nagashima et al tried to obtain a better correla-
tion of cosmic-ray intensity with solar activity using 
spherical harmonics of the solar magnetic fields. On the 
other hand a great effort is carried out in order to express 
this long term variation of galactic cosmic-ray intensity 
by appropriate solar indices, such as sunspot number, 
solar flares, Forbush and other transient decreases e.t.c. 
Cosmic rays are energetic particles that are found in 
space and filter through our atmosphere. Ground based 
neutron monitors at several locations on the Earth for the 
last several decades are regularly monitoring cosmic rays. 

Observations so far indicate a clear solar cycle effect, 
with largest reductions in cosmic ray neutron monitor 
intensity during sunspot maximum years, a good anti-
correlation for long-term variation [1-2 and references 
therein]. The structure of the recovery in the 11-year 
cycle of cosmic ray in relation to the state of interplane-
tary magnetic field have been studied in detail by Jokipii 
and Thomas [3] and further by Ahluwalia [4]. 
Galactic cosmic ray intensity data have been ana-lyzed 
by Stozhkov et al. [5] and by Ahluwalia [4] for 4 consec-
utive solar activity minima for the period 1963 to 1998. 
Data obtained with a variety of detec-tors located at the 
global sites as well as the bal-loon altitudes are used in 
both the studies. A systematic decrease is observed in all 
data sets, near solar minimum epochs for the period 1965 
to 1987. The observed decrease is ascribed to a superno-
va explo-sion in the near interstellar medium by Stozh-
kov et al. [5]. This is disputed by Ahluwalia’s study [4]. 
He ascribed it to the long-term modulation of galactic 
cosmic ray flux within the heliosphere by the solar wind. 
The intensity of galactic cosmic rays measured on Earth 
is related to the Sun's cycle of activity, which is well 
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known. The solar magnetic field flips every 11 years and 
the number of sunspots and 'coronal mass ejections' rises 
and falls twice in each com-plete 22-year cycle. The 
cosmic ray intensity on Earth also peaks twice every 22 
years in time with the solar cycle. Cliver and Ling [6] 
have discovered a quirk in this pattern - and they believe 
that coronal mass ejections could be to blame.  
The intensity of cosmic rays varies at different time 
scales, from minutes to dec-ades and even be-yond. 
These variations can be studied using data from ground 
based neutron monitors. Berezhko et al. [7] found a sig-
nificant solar cycle variation in the cosmic ray fluctua-
tion magnitude for 1980-1990 us-ing 5-min. data from 
the Tixie Bay neutron monitor. A solar cycle change was 
also found in the spectrum of small-scale turbulence [8]. 
The solar cycle varia-tion in cosmic ray fluctuations was 
verified for two solar cycles (1980-2002) using data from 
two remote polar neutron monitors, Oulu and Tixie Bay 
[9]. 
The study of modulation of galactic cosmic rays is im-
portant because of its po-tential for revealing the subtle 
features of energetic charged particles trans-port in the 
tangled fields that permeate the helio-sphere and in part 
as a means of remotely probing the heliosphere, as well 
as for learning about the physics of the processes operat-
ing on the Sun.  
Eleven year galactic cosmic ray modulation has been 
studied quite aggressively since the work of Forbush [1]. 
He discovered an anti-correlation be-tween cosmic ray 
intensity and the sunspot numbers. We know now that 
sunspots are the sites of intense magnetic fields on the 
Sun’s photosphere. Moreover, a case has been made that 
the local value of the in-terplanetary magnetic field (B) 
plays a significant role in controlling cosmic ray modula-
tion at an ob-serving site [10-12]. 
The cosmic ray time profiles are more flat-topped (sharp-
ly peaked) around solar minimum when the in-
terplanetary magnetic fields have a positive (nega-tive) 
polarity in the northern hemisphere. This phe-nomenon is 
likely due to CR gradient, curvature and current sheet 
drift transport, which depends on the sign of the magnet-
ic field polarity [13-14]. In the be-ginning of a positive 
polarity cycle, the cosmic-ray intensity can in-crease 
quickly over a 1-2 year time scale so that relatively early 
in the cycle, the CR in-tensity and associated radiation 
hazard reach maxi-mum levels.. 
 

2 Data Analysis 
 
The temperature and pressure corrected hourly data 
(counts of neutrons) of cosmic ray intensity from Deep 
River, Goose Bay and Inuvik neutron monitors have been 
used, where the long-term change from the data has been 
re-moved 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 inter-planetary medium data 
book. 
 

 
3 Results and Discussion 
 
Solar phenomena produce cosmic ray intensity variations 
over a wide range of time scales. The observed flux is 
modulated and rendered anisotropic as the particles prop-
agate in the solar wind, and it is occasionally enhanced 
by the sporadic emission of solar cosmic rays. Both qua-
si-static phenomena (the long-term omnidirectional in-
tensity variation and the steady state diurnal anisotropy) 
and transient fluctuations (disturbed daily variation and 
Forbush decrease) as well as the spatial distribution of 
solar flare particles are represented by a theoretical mod-
el that prescribes the role of the several solar-controlled 
parameters that characterize the electromagnetic proper-
ties of the interplanetary medium. Considerable informa-
tion concerning the ambient conditions has been obtained 
with spacecraft. However, the in situ measurements are 
confined to a limited region near the ecliptic plane. Con-
sequently, in some cases, theoretical predictions based 
upon them are not in accord with observations of cosmic 
ray intensity variations. Thus the modulations and aniso-
tropies must be treated in a three-dimensional framework. 
It is therefore reasonable to attempt to deduce the proper-
ties of the relevant inaccessible regions of the helios-
phere from observations of the sun itself. These proper-
ties can be determined by relating the various cosmic ray 
phenomena to changes during a solar cycle and from one 
cycle to another. We have plotted (shown elsewhere) the 
sunspot number (Rz), interplanetary magnetic field (B), 
Bz compo-nent of IMF, Disturbance time index (Dst) and 
cos-mic ray intensity normalized in a suitable manner so 
that they are juxtaposed to represent   the continuous 
temporal variations of cosmic rays alongwith differ-ent 
parameters over the four decades (1964-2004). The curve 
1 (a, b) for cosmic ray intensity and Rz tracks each other 
in an impressive manner. A major discrepancy is seen for 
the period 1972-1973. As de-picted in the Fig 1 there is 
an inverse correlation be-tween cosmic ray intensity and 
solar activ-ity meas-ured by sunspot numbers (Rz), as 
one would expect from Forbush’s original analysis. 
However the maximum of cosmic ray intensity does not 
always occur at sun-spot minima. This behaviour was 
noted previously for the neutron monitor counting rate 
[15]. 
Further one can see a linear positive correlation between 
sunspot number (Rz) and interplanetary magnetic field 
(B). However the maximum of IMF, B does not al-ways 
occur at sunspot maxima. The IMF, B is found to in-
versely correlate with cosmic ray intensity variation. To 
identify a possible correla-tion between these parameters, 
we have also calcu-lated the correlation coefficient be-
tween these data strings for different solar cycles 20-23. 
We observe a significant inverse correlation between 
cosmic ray intensity and Rz for all the four solar cycles 
20-23 (-0.78, -0.95, -0.86, -0.95). The IMF, B shows a 
weak negative correlation (-0.35) with cosmic rays for 
the solar cycle 20, whereas show a good anti-correlation 
for the solar cycles 21-23 (-0.76, -0.69). The IMF, B 
found to positively correlated with Rz (0.53) and signifi-
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cantly correlated for rest of the solar cycles 21-23 (0.68, 
0.90, 0.61). 
Thus from the above findings one may conclude that for 
four different solar cy-cles the cosmic ray in-tensity is 
found to anti-correlated with sunspot num-bers (Rz) and 
interplanetary magnetic field (B) with some discrepancy. 
However, the interplanetary mag-netic field shows a 
good positive correlation with Rz for four different solar 
cycles. Barbara Popielawska [16] used the neutron moni-
tor data from two pairs of cosmic ray stations, 
Kiel/Tsumeb and Climax/Huancayo, to study the ri-
gidity dependence of solar modulation during the so-lar 
activity cycle 22. They noticed a long-term de-crease in 
cosmic ray intensity during the ascending phase of cycle 
22 is characterized by the same rigid-ity dependence as 
for the long-term recovery during the descending phase 
of cycle 21.  
 
4 Conclusion 
An inverse correlation between cosmic ray inten-sity and 
solar activity measured by sunspot numbers (Rz), as one 
would expect from Forbush’s original analysis. The in-
terplanetary magnetic field, B shows a weak negative 
correlation (-0.35) with cosmic rays for the solar cycle 20, 
whereas B shows a high anti-correlation for the solar 
cycles 21-23 (- 0.76, - 0.69). The interplanetary magnetic 
field strength (B) shows a good positive correlation with 
sunspot numbers for four different solar cycles. 
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