
28th International Cosmic Ray Conference 3743

Wavelet Analysis of 27-day Variation in Cosmic Ray Inten-

sities Observed at Beijing Neutron Monitor

G.M.Le1,2, Z.H.Ye1,2, J.H.Gong1, Y.H.Tan2, H.Lu2, Y.Q.Tang2

(1) Center for Space Science and Applied Research, CAS, Beijing, China

(2) Institute of High Energy Physics, CAS, Beijing, China

Abstract

The paper analyzes the time variations of amplitude and phase of 27-day

periodicity in cosmic ray (CR) time series observed at Beijing neutron monitor
(NM) station and compares with those of geomagnetic parameter Ap series, using

the Morlet Wavelet for decomposition. The results show that the amplitude and
initial phase are all the function of time.

1. Introduction

Solar activities have the periods around 27-day. Cosmic ray (CR) inten-
sities modulated by solar activities also have the periods around 27-day. Many

papers have been devoted to the study. Wavelet analysis has been used to analyze
the periodic properties of CR series and many results have been obtained. This

paper analyzes the amplitude and phase time variation of 27-day of CR intensi-
ties observed at Beijing neutron monitor station with cutoff 9.56GV. The paper

also analyzes the amplitude and phase time variation of 27-day of geomagnetic
parameter Ap. Finally we compare the two amplitudes and phases.

2. Data analysis

Firstly we present the daily CR intensities observed at Beijing neutron
monitor (NM) station shown in Fig.1. We only give one solar cycle, namely from

the year 1986 to the year 1996. Also we present daily Ap value shown in Fig.2.
at Beijing geographic position:

Fig. 1. The CR intensity series observed at
Beijing NM station

Fig. 2. The daily value of Ap series
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We analyze the amplitude variation of 27-day period of the GCR intensi-
ties. The wavelet selected to analyze the data series is Morlet wavelet. It has the

form:
ψ(t) = exp(−at2) cos(t) (1)

Morelet wavelet satisfies the condition that a permission wavelet should satisfy:
∫ +∞
−∞ ψ(t)dt = 0. We can get local properties of the signal by wavelet analysis, but

in this paper we just consider the 27-day periodicity of cosmic ray and Ap. The
profiles of this periodicity are shown in Fig. 3 and Fig. 4 for CR series and Ap

series, respectively. The amplitude of CR series for 27-day periodicity is relatively
small around the year 1986 and the year 1996 and around the year 1991. The

time of the biggest value of the periodicity is 1991.47, nearly close to the middle

of the gap of 1991-1992. For amplitudes of 27-day periodicity of Ap series, the
amplitude is relatively high during the epoch of maximum solar. From the Fig.3.

and Fig.4., It is difficult to know how the phase variations of the two series are.

Fig. 3. The amplitude of 27-day peri-
odicity of CR series

Fig. 4. The amplitude of 27-day peri-
odicity of Ap series

We know that any definite signal can be write as:

f(t) = A(t)ei(ωt+ϕ(t)) (2)

where A(t) is the amplitude of the signal, it is the function of time. ω is a given

definite value, ϕ(t) is the initial phase of the signal which is also the function of

time. For the 27-day periodicity of CR series and Ap series we present the phase
time variation for the interval 1986-1996 shown in Fig.5. and Fig.6., respectively.

It is very difficult to see the phase time variation clearly because the phase data
is two much. We just present the phase variation for the year 1986 and the year

1991 and compare with that of Ap series shown in Fig.7. and Fig.8., respectively.
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Fig. 5. The phase time variation of CR
series

Fig. 6. The phase time variation of Ap
series

Fig. 7. The comparison between the
two series for 1986

Fig. 8. The comparison between the
two series for 1991

From Fig.7. we can see that the phase of CR series and the phase of Ap
series is almost the same pace for the year 1986, while the phase of CR series

and the phase of Ap series is almost antiphase except the time around 1991.6y.
Because ω is a constant number for any given periodicity, so we can deduce that

the initial phase ϕ(t) is the function of time.

3. Summary

The analysis show that the amplitude of CR series changes with time.

The amplitude of CR series is relatively low around the solar minima and gets
its maximum at 1991.47. The difference between the phase of CR series and the

phase of Ap are small for the year 1986, while the two phases are almost inverse
except around 1991.6y for the year 1991. The amplitude is the function of time.

The initial phase ϕ(t) is also the function of time.
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