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Abstract: The solar modulation of Galactic Cosmic Rays (GCR) is revealed in the record of neutron monitors in terms of 

daily variation. Day-to-day and long term basis daily variations have been investigated for the recent period from 1965 to 2015 

along with geomagnetic disruption index Ap on twelve-monthly average basis. Here Ap index has been used as a placeholder 

for the solar bring on interplanetary disturbances. It is create that, in general on an annual average basis, both the diurnal 

amplitude as well as the diurnal phase is considerably lower in the years of low Ap values, through the period 1965 to 2015. 

Such as a result was also informed for the earlier periods. However, anomalous and determined results for the diurnal 

variations have been received when the daily values of Ap are diffused in five groups with the first group demonstrating low 

Ap condition (i.e. quite periods) and the last group naturally representing the disturbed conditions. 
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1. Introduction 

The spatial property anisotropy of the galactic cosmic 

radioactivity in the interplanetary medium is mentioned with 

daily variation of cosmic ray intensity by using milled based 

detectors. The detector on earth scans the whole spiritual sky 

during a period of 24 hours. The earth finishes one revolution 

around its own axis, once in 24 hours (a solar day). Many 

scientists are using the data of milled based detectors, have 

been informed Excess of particles incoming from the 

asymptotic direction around 18 hours local time. The 

amplitudes and phases of the harmonic mechanisms of the 

daily variation of cosmic rays are in the main derivative by 

Fourier analysis and using the hourly counts of neutron and 

meson monitors. A large dissimilarity in either the daily 

amplitude or in the time of highest between different, but 

virtually stations are symptomatic that the anisotropy is fast 

changing within 24 hours, or the universal time effects are 

predominant. The solar diurnal variation of the cosmic-ray 

intensity interpreted initially on the basis of outward radial 

convection due to magnetized supersonic solar wind and an 

inward dissemination along the interplanetary magnetic field. 

The stability among the convection and circulation generates 

energy which is independent anisotropic flow of cosmic-ray 

particles from the 18 hours co-rotational direction. The 

polarity state is defined as “negative” (“positive”) when the 

solar magnetic field is directed inward (outward) from the 

sun in the northern Hemisphere and outward (inward) in the 

southern Hemisphere. The magnitude and direction of the 

anisotropic cosmic ray flow along with its variant with an 11 

year sunspot cycle and 22 year solar magnetic cycle can 

provide vital observational constraints for analysis the 

principles of the carrying solar modulation of galactic cosmic 

rays. Many models are sensitive to the route of the sun's 

magnetic field. The drift models prophesy that there should 

be a radiating gradient of cosmic ray density with a larger 

value in epochs of negative solar magnetic polarity than in 

epochs of positive solar polarity. Models also predicted a 

bidirectional latitude gradient that a reverses its sign with the 
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reversal of the solar magnetic field [1-5]. The performance of 

the diurnal time of supreme has been shown regular with the 

convective-diffusive instrument. That mechanism relates the 

solar diurnal anisotropy of cosmic rays to the dynamics of the 

solar wind and interplanetary magnetic field. The field-

aligned directions of the diffusive vector, independent of the 

interplanetary magnetic field polarity, have been confirmed 

[6]. In general, the solar diurnal anisotropy is caused by the 

modulation of the galactic cosmic rays in the heliosphere [7], 

[8]. Cosmic rays enter into heliosphere and gyrate along the 

interplanetary magnetic field lines. Magnetic flux 

indiscretions scattered cosmic rays from gyro-orbits which 

are initiating diffusion. The solar wind also convects cosmic 

rays outward while particles wayfaring along a regular 

portion of magnetic field a line which undergoes magnetic 

curvature and drift motion. Long-term medians of the solar 

diurnal variation deliver information about the average 

behavior of cosmic rays in the vicinity of the earth. From the 

time when the diurnal anisotropy is caused by the solar 

modulation which can use the observed effect to derive the 

information about the underlying solar modulation processes 

[9], [10]. The results of neutron monitor observations from 

earlier periods shown that the average characteristics of the 

diurnal anisotropy has been generally invariant through the 

period 1958-70, neutron monitor energies reasonable in terms 

of the convection-diffusion theory [11], [8]. However, later 

on observations have shown that the average characteristics 

of the diurnal anisotropy varied significantly during the 

period of 1971-74 and that was particularly evident from the 

detailed studies reported [12]. The energy dependent phase 

shift to earlier hours in the diurnal time of maximum of the 

cosmic ray intensity was first pointed out in the year 1971 

[13]. These new results, the data of low latitude stations (high 

cutoff rigidity) are very crucial [14]. Observed diurnal 

anisotropy is related to sunspot cycle, which also shown 

rigidity dependent. Moreover, the amplitude and phase of the 

diurnal anisotropy changes with period of one or two solar 

cycles [11-12], [14-22]. The time of the maximum diurnal 

variation shows remarkable and systematic phase shift 

towards earlier hours compare than normal. According to the 

modern theory, the convection, diffusion, drift and energy 

change of the cosmic ray subdivisions in the separated 

magnetized solar wind are overall methods and mainly liable 

for the modulation of galactic cosmic rays (GCR). 

 

Figure 1. The Vector-addition diagram of the annual–average vectors of the first harmonic of the observed daily variation of cosmic rays of Moscow neutron 

monitor station for the years 1965-2015, Kiel neutron monitor station for the years 1965-2008, Deep River neutron monitor station for the years 1965-1995, 

Climax neutron monitor station for the years 1965-2006 and Huancayo neutron monitor station for the years 1965-1990 and Halekala neutron monitor station 

for the years 1991-2006. The overall average values are also marked. 
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2. Data Analysis 

Present analysis has been performed by collected the 

records of diurnal amplitudes and phase of cosmic ray 

anisotropies for the period 1965-2015 of Moscow neutron 

monitor station and for the period 1965-2008 of Kiel 

neutron monitor station (high-latitude station) and for the 

period 1965-2006 of Climax neutron monitor station and 

for 1965-2006 of Huancayo and Haleakala neutron 

monitor stations (low latitude). Also correlated with 

twelve-monthly average basis geomagnetic index (Ap) 

covering the previous solar cycles 20, 21, 22, 23 and 

present solar cycle 24(1965-2015). The pressure corrected 

hourly neutron monitor data from super neutron monitor 

stations from Moscow (55.4°N, 37.3°E, 2.39GV), Kiel 

(54.3°N, 10.1°E, 2.36GV), Climax (39.3°N, 106.1°W, 

2.97GV), Huancayo (12.03°S, 75.35°W, 12.92GV) and 

Haleakala (20.8°N, 156.2°W, 13.3GV) have been observed 

for this study. These three stations consist of high and low 

cutoff rigidities, which respond to different energy range 

of cosmic ray particles. The pressure-corrected high 

counting-rate neutron monitor data having data different 

cut off rigidities, harmonic analysis to derive amplitude 

(%) and phase (hours), for period of 51 years (1965-2015). 

The observed diurnal anisotropy (first harmonic of daily 

variation) vectors in local time have been examined by 

plotting them on a vector addition diagram, after 

classifying, correlation between amplitude and 

geomagnetic index Ap. 

3. Discussion 

Each day vectors of the daily cosmic rays variations are 

vectorially added to provide the average values including the 

annual average. To monitor the vectorial changes from one 

year to another, it is useful to plot the values in vector form. 

In fact, these averages are generally studied by depicting 

them all as a harmonic dial illustration and in vector addition 

format. Figure 1 shows the vector addition diagram of annual 

average vectors of the first harmonic of the daily variation of 

cosmic rays from Moscow neutron monitor station for the 

years 1965-2015, Kiel neutron ‘monitor station for the years 

1965-2008, Deep River neutron monitor station for the years 

1965-1995, Climax neutron monitor station for the years 

1965-2006, Huancayo and Haleakala neutron monitor station 

for the years (1965-2006), from this figure, it is very clearly 

noticed that the diurnal phase has continuously shifting to 

earlier and later hours in various phases of solar cycles. The 

overall average diurnal vectors for the Kiel, Moscow, Deep 

River, Climax, Tokyo, Huancayo and Haleakala neutron 

monitor stations have been deduced. 

Moscow (1965-2015): r1 = (0.282±0.00087)%, ϕ1 = 

(14.26±0.22)h 

Kiel (1965-2008): r1 = (0.267±0.00090)%, ϕ1 = (13.8±0.24)h 

Climax (1965-2006): r1 = (0.292±0.0010)%, ϕ1 = (15±0.26)h 

Deep River (1965-1995): r1 = (0.298±0.0011) %, ϕ1 = 

(14.4±0.26)h 

Huancayo and Haleakala (1965-2006): r1= (0.174±0.0015)%, 

ϕ1 = (12.07±0.32)h 

 
Figure 2. Shows the yearly averages of (a) Sunspots number (b) Diurnal vectors (amp. and phase for Moscow Neutron Monitor) (c) Geo-magnetic index (Ap) 

for each year from 1965 to 2015 (solar cycle 20 to 24). 
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Figure 3. Shows the average diurnal vectors for the years 1965-1976 (solar cycle 20) for various Ap group, for station Moscow, (low cut-off rigidity). 

The long term vector addition diagram of annual average 

vectors of first harmonic of diurnal variation it is clearly 

notice that the annual average diurnal phase is shifting to 

before hours during the nearly solar activity minima in all the 

even solar cycles (cycles 20, 22). It is observed to move in 

later hours during the odd solar cycles (21, 23). Figure 2 

shows the annual average values of diurnal vectors 

(amplitude and phase) of Moscow neutron monitor station, 

geomagnetic index (Ap), sunspot number (R). The 

geomagnetic index (Ap) is peak during the abating phase of 

solar cycles, it is reached the highest value in 2003 and the 

deepest value in 2009. Figure 2 shows the annual average 

diurnal amplitude is generally maximum near the solar 

activity maxima and in its declining phase. The amplitude of 

diurnal vectors varies with a period of one sunspot cycle (11-

year) while the phase of diurnal vectors varies with solar 

magnetic cycles (22-year cycle). Where the Years of solar 

activity minimum and maxima for each cycle are also 

marked by vertical lines (dashed lines and full lines 

respectively). Moscow neutron monitor data have been used 

to drive the daily vector of cosmic ray anisotropy observed 

days are divided into five groups according to increasing 

value of Ap index (0-5, 6-12, 13-26, 27-70 and ≥71). Higher 

Ap groups are indicators of more disturbed interplanetary 

medium. In figure 3, shows that during the period of high 

sunspot activity of solar cycle 20 (1967-1971), the diurnal 

vector rotates anticlockwise only when Ap is high but diurnal 

phase is small, contrary to that observed on long-term basis 

shown earlier by considering the annual averages. 

Nevertheless, during the declining phase of solar activity, 

including the minima (1973-1976), the diurnal vector rotates 

clockwise with the increase in the value of Ap index. 

Moreover, in general, the diurnal phase is shifted to earlier 

hours during the period 1973 to 1976 (A>0). For cycle 21, 

the period of high sunspot activity (1979-1981), the diurnal 

vector rotates anticlockwise shown in figure 4, i.e. when Ap 

is high the diurnal phase is smaller, again contrary to that 

observed on long-term basis shown earlier by considering the 

annual averages; such a trend continues, during the declining 

phase of the solar activity (1984-86) also, where again the 

diurnal vector rotates anticlockwise with the increase in the 

value of Ap index. For cycle 22, in figure 5, clearly observed 

that in the years 1986, 1988, 1990 and 1991 the diurnal 

vector rotates anticlockwise, i.e. when Ap is high the diurnal 

phase is smaller, whereas, during the declining phase of solar 

activity (1991-1996), the diurnal vector rotates clockwise 

with the increase in the value of Ap index, which is in 

according with the findings on annual average basis. 

Moreover, in general the diurnal phase is shifted to earlier 

hours in the years 1994-1996 (A>0). For cycle 23 shown in 

figure 6, we observed that in the early yearly i.e. up to year 

2000, the rotation of the diurnal vector in very small. But 

quite often it is tending to be clockwise; however the change 

is insignificant from the year 2001 onwards. The diurnal 

vectors are also seen significantly rotate anticlockwise, 

covering the whole period of the declining phase of solar 

activity, including in minima. For solar cycle 24 shown in 

figure 7, we observed that during the period of high sunspot 

acting of solar cycle 24, the diurnal vector are rotates 

anticlockwise i.e. when Ap is high the diurnal phase is 

smaller. The diurnal amplitudes and phase are minimum 

during the periods (2008-10) of solar cycle 24. The value of 

Ap is very low during the periods 2008, 2009 and 2010. As 

such, the results are found to be a little different from other 

solar cycle. Nevertheless, in conclusion, we can say that the 

diurnal vectors rotate in the anticlockwise direction in the 

cycle 23 also, as was the case in cycle 21. Finally we 

conclude that the diurnal vector rotates anticlockwise during 
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the declining phase of odd solar cycle (21, 23). However, it 

rotates clockwise during the declining phase (near minima) 

of even solar cycles (20 and 22). Moreover, the diurnal phase 

is found to be shifted to earlier hours only in these two cycles 

20 and 22. It is also found that in the observed diurnal 

anisotropy for low Ap groups (1 to 3) the dispersion is large 

for high Ap values groups (4 to 5). The large variability 

during the Ap days and the significant increase in the diurnal 

amplitude with increase in Ap values use also observes in 

other neutron monitor. Figure 8 shows the scatter-plot of the 

annual average of diurnal amplitude and geomagnetic index 

(Ap) for all the 51 years from 1965-2015 positive correlation 

(r =0.4±….) is evident. The positive correlation means that 

when the diurnal amplitude is larger, the geomagnetic index 

(Ap) is also larger. Cross-correlation between the annual 

average of geomagnetic index (Ap) and phase of diurnal 

variation of cosmic ray intensity for the period 1965-2015 

have been plotted in figure 9. From this figure it is clear that 

no correlation between geomagnetic index (Ap) and diurnal 

amplitude of cosmic ray intensity. 

 

Figure 4. Shows the average diurnal vectors for the years 1976-1986 (solar cycle 21) for various Ap group, for station Moscow, (low cut-off rigidity). 

 
Figure 5. Shows the average diurnal vectors for the years 1986-1996 (solar cycle 22) for various Ap group, for station Moscow, (low cut-off rigidity). 
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Figure 6. Shows the average diurnal vectors for the years 1996-2008 (solar cycle 23) for various Ap group, for station Moscow, (low cut-off rigidity). 

 
Figure 7. Shows the average diurnal vectors for the years 2008-2015 (semi-solar cycle 24) for various Ap group, for station Moscow, (low cut-off rigidity). 
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Figure 8. Show the cross plot between annual average of diurnal amplitudes of cosmic ray intensity of Moscow neutron monitor and geomagnetic index Ap for 

the time interval 1965-2015. 

 
Figure 9. Show the cross plot between annual average of diurnal phase of cosmic ray intensity of Moscow neutron monitor and geomagnetic index Ap for the 

time interval 1965-2015. 

4. Conclusions 
a. The analysis has also been performed on day-to-day 

basis for each year using the daily vectors for Moscow 

station by dividing them into five groups in each case. 

In most of the years, it is observed that normally the 

average diurnal vectors for groups representing 

more disturbed periods in geomagnetic disturbance 

index Ap and the continuously low Ap days. The shift 

of average phase in the anticlockwise direction and 

the amplitude is relatively larger. Nevertheless, a 

clear cut distinctly different effect has been noticed 

for the period of minimum activity and 2 to 3 years 

before the minimum activity period (i.e. in the final 

declining phase of the solar activity). 

b. The long-term vector addition diagram of annual 

average vectors of the first harmonic of the daily 

variation, it is clearly noticed that the annual average 

diurnal phase is continuously shifting to earlier hours 

up to the solar activity minima in all the even solar 

cycles. Whereas, it is observed to shift back in later 

hours during odd solar cycles. 

c. A further peculiarity is noticed that during the even 

solar cycles the annual average diurnal amplitude is 

generally maximum near the solar activity maxima and 
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in its declining phase. In contrast, during the odd solar 

cycles the diurnal amplitude is generally maximum 

only near the minimum solar activity. 

d. The amplitude of the cosmic ray diurnal variation 

measured by ground based detectors varies mostly 

with a period of one sunspot (~11 years) cycle. 

While the phase of the diurnal variation has a small 

component with a period of one solar cycle. The 

dominant component varies with two sunspot 

cycles (~22 year cycle). 
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