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1. INTRODUCTION:  

 Cosmic rays are of galactic and extragalactic 

originate outside the solar system and also small parts 

of cosmic rays (CR) are originated from sun as protons, 

alpha particles and heavier elements. The cosmic ray 

intensity is changeless outside the heliosphere but 

modulation come about during their approach through 

the heliosphere by the effect of interplanetary magnetic 

field [Mavromichalaki et al., 1988; Agarwal et al; 

1993]. The data is captured from the ground based 

neutron monitors [Moscow 2.43GV]. Solar indices are 

the identification of solar activity along with solar flare 

index (SFI), solar flux (SF) and Grouped solar flare 

(GSF). Comparable to earth the sun has a cycle of about 

11-years. Forbush first mentioned the inverse 

connection with solar wind velocity and cosmic ray 

intensity [Forbush, 1988; Rao, 1972; Moraal, 1976; 

King, 1979; Biber et al, 1983; Singh et al., 2013]. 

However the many researchers are going for further 

authentication. The massive zone of the heliosphere and 

diffusive propagation of cosmic ray particles, there is a 

time-Lag in correlation between the solar activity 

parameters and cosmic ray intensity which shows the 

amplitude of modulation varies from cycle to cycle 

[Dorman et al., 1967; Nagashima et al 1979]. The 11-

year changes in cosmic ray intensity seen on the earth is 

negative correlated with solar activity parameters also 

with some time-Lag [Forbush et al 1954]. Due to the 

time-Lag between cosmic ray intensity and sunspot 

number, shows a kind of hysteresis effect between long-

term perturbation in cosmic ray intensity and solar 

activity parameters have been performed by various 

researchers. [Neher et al., 1954; Moraal et al, 1976; 

Mavromichalaki et al., 1990]. The cosmic ray intensity 

curve also appear to follow a 22- year cycle with 

alternate maxima being flat-topped and peaked, as 

predicted by models of cosmic ray modulation based on 

the observed reversal of the sun’s magnetic field 

polarity after every 11- year solar cycle, curvature and 

gradient drift in the large scale magnetic field of 

heliosphere[Jokipi et al 1977; 1981]. 

 The anomalous behavior in the solar 

modulation of cosmic rays in addition to perturbation in 

time-Lag for the odd-even solar cycles have been 

studied [Lockwood et al 1979]. The anomalous 

behavior observed in rigidity spectra of cosmic ray 

intensities are explicate as the result of reversal of polar 

magnetic field of the sun [kota et al, 1997]. Such 

phenomena in the cosmic ray intensity have also been 

seen after solar maximum and also in the decreasing 

phases of the earlier solar cycles.[Nagashima et al 

1980]. The value of correlation varies from one cycle to 

another. However only one parameter is inadequate to 

describe cosmic ray modulation. It is an integrated 

factor which play noteworthy role in cosmic ray 

modulation. In this paper solar activity determinants of 

cosmic ray perturbations are scrutinize. [Bhattacharya 

et al, 2010; Bhattacharya and Roy, 2014]. We have 

scrutinized the correlation between cosmic ray intensity 

and many solar activity parameters (SSN, SFI, SF, Solar 

Abstract: Based on the monthly of many solar parameters [e.g.; sunspot number (SSN), solar flux (SF) and 

interplanetary magnetic field (IMF)]. The correlation study of solar parameters (e.g.; SSN, SF and IMF) and 

cosmic ray intensity (CRI, monthly/ yearly of neutron monitor of Moscow) has been carried out by the “cross 

correlation method” whole behavior of the cross correlation coefficient between cosmic ray intensity (CRI) and 

solar activity parameters (SA) is almost same instead of highest peaks of solar cycles. However the correlation 

analysis have been carried out by the process of “ minimizing correlation coefficient” and it is establish that 

observed time lag between cosmic ray intensity (CRI) and many solar activity parameters is identical except the 

interplanetary parameters. The time lag is found is to be greater for odd solar cycles (21, 23) in comparison to 

even solar cycles (22, 24), indicating the odd- even asymmetry of solar cycles. The correlation between cosmic 

ray intensity and different solar activity indices taking time lag factor during the whole period of calculation has 

been presented. The dissimilarity observed in the time lag between cosmic ray intensity and different solar activity 

indices, especially for IMF, have also been explained. 
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wind velocity, IMF and GSF) in view of time-Lag 

(minimizing correlation coefficient) and without time-

Lag (cross correlation method) from the Neutron 

monitor stations located at Moscow (Rc = 2.43GV) and 

Thule (Rc  = 1.24GV). 

 

2. DATA AND METHOD OF ANALYSIS: 

 In order to study the long-term cosmic ray 

modulation during the years 1976-2018 monthly values 

of cosmic rays of 2GV at the top of the atmosphere were 

used. These data were kindly provided by the 

IZMIRAN group using the global survey method 

(GSM). This method uses data from various ground 

based detectors (e.g. NMs) are possible and provides 

useful reliable information on the conditions of the 

space environment [Krymsky et al, 1966; Dvornikov 

and sdobnov, 1997; Belov, Gushchina and yanke, 

1999]. It is a conceptually a method of analysis  and 

different versions of this method have been evolved and 

upgraded at various stages of the data processing 

(Baisultanova, Belov, and yanke, 1995; Belov et al., 

2005). The perturbations of 2.43GV cosmic rays with 

respect to the level of the year 1976 were calculated. For 

the purpose of this study the time series of cosmic ray 

variations was normalized, taking the cosmic ray 

intensity maximum (October, 2009) equal to 1.00 and 

the cosmic ray intensity minimum (November, 2003) 

equal to 0.00. 

 We note that the cosmic ray intensity in the 

period of Oct-Nov 2003 during the declining phase of 

the solar cycle has been used only for normalization 

reasons and does not coincide with the activity 

maximum of the of the solar cycle during the years 

2000-2002 (Kane, 2006). 

 In this method we have considered the CRI 

monthly mean data of Moscow (Rc = 2.43GV) and 

Thule ( Rc = 1.2 GV) Neutron monitors, along with 

many parameters such as SSN, SF, SFI, Sw velocity, 

IMF and GSF. Most of the data have been taken from 

the Website:of NOAA 

(fttp:/fttp.ngdc.noaa.gov/STP/SOLAR DATA/html)  

available through solar geographical data for a long 

period of time (monthly publication of NOAA). 

The hysteresis curve between cosmic ray intensity and 

solar indices (SSN, SF, SFI and GSF) has been drawn 

by taking full cycle moving average of both the data 

series. 

 

3. RESULTS AND DISCUSSION: 

 It is well known that the 11-year modulation of 

the cosmic ray intensity shows some time-Lag behind 

the solar activity which is the type of hysteresis effect. 

[Moraal, 1978; Usokin et al 2002; Kane 2011]. Keeping 

this in view, we have estimated the correlation between 

the monthly values of the cosmic ray variation at 

2.43GV and many solar and heliospheric activity 

parameters (SSN, SF, SFI, IMF, Solar wind velocity 

and GSF) for the period of 1976-2018. 

In this study, we have taken the cosmic ray intensity 

data seen by Moscow (2.43GV) and Thule (1.2GV) 

Neutron monitor stations. Subjective behavior of 

normalized CC of CRI (Moscow and Thule) with 

sunspot number, SF, SFI and GSF is illustrated in 

figures. The solar parameters SF, SFI and GSF have 

identical variational pattern with cosmic ray intensity 

and therefore all these parameters have been illustrated 

in the figure. The time-Lag between cosmic ray 

intensity and solar parameters (SSN, SF, SFI and GSF) 

for different solar cycles is clearly seen from figures. 

The running cross-correlation function between cosmic 

ray intensity (Moscow, yearly data) and different solar 

activity parameters (SSN, SF, SFI and GSF) is 

illustrated in figures for the overall period of 

investigation. This type of calculation is helpful to 

understand the ephemerally behavior of cross 

correlation function with respect to time. The value of 

correlation coefficient is non-identical for the different 

phases of a particular solar cycle and it changes with 

time. It is seen that general behavior of running cross-

correlation function between cosmic ray intensity and 

various solar activity parameters is almost identical, 

excluding for the maximum phases of many solar 

cycles. It is also perceptible from the figure the 

correlation is stronger during the increasing and 

decreasing phases of solar cycles and is poor during the 

maxima and minima of solar cycles. Actually, the 

highest phase of solar cycle is the largest perturbed 

period of the cycle and the change in either of the 

indices is very small during this period. Therefore, 

dissimilarities in cross- correlation method between 

cosmic ray intensity and solar activity parameters are 

predicted during the maximum phase of solar cycles. 

Furthermore, the dissimilar behavior of normalized 

correlation coefficient between cosmic ray intensity and 

sunspot number during the decreasing phase of cycle 

1981-1984 and during 1989-1994. 

 
Fig.1 shows the cross correlation as a function of time 

for solar cycle 21 between CRI-SSN, CRI- SFI, CRI-

SF(10.7) and CRI-GSF. 
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Fig.2 shows the cross correlation as a function of time 

for solar cycle 22 between CRI-SSN, CRI- SFI, CRI-

SF(10.7) and CRI-GSF. 

 
Fig.3 shows the cross correlation as a function of time 

for solar cycle 23 between CRI-SSN, CRI- SFI, CRI-

SF(10.7) and CRI-GSF. 

 
Fig.4 shows the cross correlation as a function of time 

for solar cycle 24 between CRI-SSN, CRI- SFI, CRI-

SF(10.7) and CRI-GSF. 

 

Fig.5 shows the normalization CC as a function of time 

between the parameters SSN, SF, SFI and GSF for the 

period 1976 to 2018. 

 
Fig.6 shows the cross-correlation coefficients between 

CRI-SSN, CRI-SF and CRI-IMF for the period 1976 to 

2018. 

 The maximum anti-cross correlation coefficient 

between cosmic ray intensity and sunspot number with 

time-Lags is shown in figures for each solar cycle (21-

24) separately one can observe that time-Lag between 

cosmic ray intensity and sunspot number is remarkably 

large (13-17 months) for the solar cycles 21 and 23 

whereas it is small for the 22 and 24 solar cycles, being 

5 months and 9 months for both the stations 

respectively. At the time of maximum opposite 

correlation coefficient between cosmic ray intensity and 

IMF, the time-Lag is zero for odd solar cycles and large 

for even solar cycles 22 (~25 months) for both the 

stations. Thus the results guide us to conclude that the 

time-Lag between cosmic ray intensity and sunspot 

number is large for odd solar cycles in juxtaposition 

(comparison) to even solar cycles. This clearly indicates 

the distinctive behavior between the odd and even solar 

cycles in relation to time-Lag. 

 Now, we have analyzed the cross-correlation 

coefficient between cosmic ray intensity and solar 

activity parameters with time-Lag from (0-120) months 

and probable error for each value of correlation 

coefficient for the period of 1976-2018. The maximum 

normalized correlation with corresponding time-Lags 

for the said period. The changes of correlation 

coefficient (between CRI and SA indices) with relation 

to time-Lag along with statistical error bars for Moscow 

neutron monitoring station is shown in figure 6. From 

figure 6 it is obvious that the high anti-cross correlation 

between the cosmic ray intensity and solar activity 

parameters (SSN, SF, SFI, IMF and GSF) is seen with 

the time-Lag for SC-21 between CRI-SSN is ~13 

months, for SC-22 between CRI-SSN is ~5 months, for 

SC-23 between CRI-SSN is ~ 17 months and for SC-24 

between CRI-SSN is ~ 9 months. Identical results have 

been found for the Thule neutron monitor station, as 

clearly seen from figure 7. 
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Fig.7. shows the relation between CRI and solar activity 

parameters (SSN, SF, SFI and GSF). 

 

 To help the time-Lag findings, we have further 

drawn the hysteresis curves between cosmic ray 

intensity and SF, SFI, IMF and GSF as well as 

hysteresis curves between cosmic ray intensity and 

sunspot number are shown respectively, in figure 5 and 

6 for the solar cycles 21 to 24. It has been seen that the 

hysteresis loops for CRI-SSN, CRI- SF, CRI-SFI and 

CRI-GSF are wide for odd cycles and narrow for even 

cycles, which further helps the odd-even asymmetry of 

the cycles and also seen that the hysteresis loops for 

CRI-SF are narrower than those seen in case of CRI-

SSN, CRI-SF,CRI-IMF which helps to find out the 

time-Lag between CRI-SF and CRI-IMF is less than 

that between CRI and other solar parameters. Odd 

cycles have broad area compared to even cycles. The 

differences may be due to change in magnetic polarity. 

The open end for solar cycle 24 is still not closed so it 

indicates that its cycle is in duration. 

 

 
Fig.8 shows the hysteresis loop between CRI and SSN 

for SC-21. 

 
Fig. 9 shows the hysteresis loop between CRI and SF 

for SC-21. 

 

 
Fig.10 shows the hysteresis loop between CRI and SFI 

for SC-21. 

 

 
Fig.11 shows the hysteresis loop between CRI and 

GSF for SC-21. 

 

 
Fig.12 shows the hysteresis loop between CRI and 

IMF for SC-21. 
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Fig.13 shows the hysteresis loop between CRI and 

SSN for SC-22. 

 

 
Fig. 14 shows the hysteresis loop between CRI and SF 

for SC-22. 

 

 
Fig.15 shows the hysteresis loop between CRI and SFI 

for SC-22. 

 

 
Fig.16 shows the hysteresis loop between CRI and 

GSF for SC-22. 

 

 

 
Fig.16 shows the hysteresis loop between CRI and 

IMF for SC-22. 

 

 
Fig.17 shows the hysteresis loop between CRI and 

SSN for SC-23. 

 

 
Fig. 18 shows the hysteresis loop between CRI and SF 

for SC-23. 

 

 
Fig.19 shows the hysteresis loop between CRI and SFI 

for SC-23. 
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Fig.20 shows the hysteresis loop between CRI and 

GSF for SC-23. 

 

 
Fig.21 shows the hysteresis loop between CRI and 

IMF for SC-23. 

 

 
Fig.22 shows the hysteresis loop between CRI and 

SSN for SC-24. 

 

 
Fig. 23 shows the hysteresis loop between CRI and SF 

for SC-24. 

 

 
Fig.24 shows the hysteresis loop between CRI and SFI 

for SC-24. 

 

 
Fig.25 shows the hysteresis loop between CRI and 

IMF for SC-24. 

 

 We noted that individual indices represent 

particularly physical conditions on the sun 

(temperature, density, magnetic field etc), where these 

parameters have begin. Thus small differences arise 

when we contrast these parameters because of the 

varying consequences of magnetic fields, the main 

source of solar activity at different layers of sun’s 

atmosphere. Furthermore, outstanding differences in 

time-Lag between CRI-SF, CRI-SFI, CRI-IMF and 

CRI-SSN have been observed, which is of great 

attentiveness. These dissimilarities arise due to the 

following differences between SSN, SF, SFI and IMF.  

 The peak value of solar flux decreased 

monotonically during maximum solar cycle 21-24. 

This is the principal difference between solar flux 

and other solar indices. 

 A time shift between solar flux and SSN has been 

seen almost the maximum peaks. Furthermore, it has 

been shown that the increased intensities of solar 

flux should occur after the appearance of sunspots. 

While IMF is opposite to the sunspots. 
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4.  CONCLUSIONS: 

Based on the results and discussion bestowed in this paper, following conclusions are drawn. 

 The overall behavior of cross-correlation function between cosmic ray intensity and different solar activity 

parameters is almost identical for all the phases of different solar cycles 21-24, apart from the maximum phase of 

cycles. The correlation is powerful during increasing and decreasing phases of solar cycles and it is feeble during 

maxima and minima of the solar cycles. 

 The average time-Lag seen between CRI and many solar activity parameters (SF, SFI) is calculated to be about 5 

months apart from the IMF. Where the time-Lag is high (25 months) for the SC-22. Here, it is seen that SSN and SF 

have a better phase similarity with cosmic ray modulation. Being associated with the outermost part of the solar 

atmosphere, with time-Lag between CRI and SF is zero as compared to other solar activity indices. 

 The time-Lag between CRI-SSN is large  (~13 to 17 months) for odd solar cycles and small (~5 to 9 months) for 

even solar cycles, whereas it is ~ 25 months in solar cycle 22 and is less in other three cycles (i.e. 21, 22 and 24) in 

case of CRI-IMF relationship. It is obvious that the normalized CC between the cosmic ray intensity and solar activity 

parameters (SSN, SF, SFI, GSF and IMF) is seen with the time-Lag of SC-21 between CRI-SSN is ~13 months, SC-

22 between CRI-SSN is ~5 months, SC-23 between CRI-SSN is ~17 months and SC-24 between CRI-SSN is~ 9 

months.  
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