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We study modulation of Galactic Cosmic Rays (GCR) particles based

on the Parker’s Transport Equation, which describe a four major

processes: convection, diffusion, drift and adiabatic cooling

responsible for modulation of the GCR flux.

We taking into account the physical parameters characterizing the

GCR modulation in the interplanetary space; as radial and tangential

components of the GCR anisotropy in various sectors of the

heliospheric magnetic field (HMF) and module B of the HMF and

changes of drift effect of the GCR particles with solar activity (SA). Our

approach is the implementation of two independent parameters

(proxies), γ and ν in different periods of SA.

The solutions of numerical model are compared with the variations of

the GCR measured by NMs. We show the existence of a changing

delay time (DT) between the changes of GCR intensity and the

parameters characterizing SA. We obtained different DTs in considered

Solar Cycles from 20 to 23.

We conclude that the calculated DT is compared with observed DT
and is a very significant parameter for study modulation of GCR.
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Figure
Temporal changes of the normalized monthly intensity of the GCR observed by the Oulu NM versus inverted SSN.
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I. Theoretical Study

The long period variation of the Galactic Cosmic Ray (GCR) flux can be interpret based on the

diffusion-convection model [1]. The diffusion flux plays a main role together with fluxes of convection

and adiabatic cooling in formation of the long period variation of the GCR intensity [2]. Nevertheless,

an acceptance of this assumption requires an answer to an important question, what parameter or

group of parameters characterized solar activity (SA) and solar wind (SW) are responsible for the

changes of diffusion of the GCR particles. To response to this question we have to consider other all

possible arguments being in our disposition. The first one is a parameter  which characterises the

temporal changes of the power law rigidity R spectrum of GCR flux variation given by a formula ,

The second parameter is an exponent  of the Power Spectral Density (PSD) of the Heliospheric

Magnetic Field (HMF) turbulence ( , f is frequency) [3].

Hence, we have two very important physically realistic parameters  and  calculated from the

independent sources. Solution of PTE obtained in numerical investigation are compared with data of

the GCR flux measured by Oulu NM. So, the both autonomous parameters  and  can be

considered as the crucial indicators to study GCR propagation in heliosphere [4, 5]. We have found a

strong inversely correlation between  and  in considered solar cycles 20, 21, 22 and 23 [6].

To estimate a role of changes of diffusion coefficient in the long period changes of the GCR flux

registered by NMs we consider a parallel diffusion coefficient kII having a form [7, 8]:

where, 
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An important phenomenon in cosmic ray modulation (which is observed at earth orbit) is a ‘Delay

Time’ (DT) between temporal changes of time profiles of the GCR intensity I and any parameters of SA

and SW, e.g., sunspot numbers (SSN), SW velocity, interplanetary magnetic field strength (B) and

others during the 11-year period of SA. We call DT a time interval between extremes of the GCR

intensity I changes on the one side and any parameters of SA and SW on the other.

As a rule we examine one to one correspondence between maximum value of GCR intensity and

minimum value of any parameters of SA and SW. Generally, to model PTE describing a propagation of

energetic GCR particles is a reasonably difficult problem due to complexity of electromagnetic

processes in the heliosphere. These processes are well reflected in symmetric and asymmetric parts of

3-D generalised anisotropic tensor of GCR diffusion [Alania, 1978].
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where,  

- the angle between the lines of the HMF and the radial direction in the meridian plane 

- the angle between the radial direction and HMF lines in the equatorial plane
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RESULTS:

Solar 

cycle

Delay

time

20 4

21 18

22 2

23 12



CONCLUSIONS:
1. The new 2-D time dependent models of the 11–year variation was developed. This model implements 

the physical parameters characterizing the temporal changes of the magnitude B of the IMF, TA of the 

HNS, parameters obtained from anisotropy and parameters:  and  for the 4 solar cycles: from #20 to 

#23. 

2. In the models temporal changes of the rigidity spectrum exponent , characterizing a rigidity 

dependence of amplitudes of the 11–year variations of the GCR intensity, and the exponent  of the 

PSD of the HMF turbulence were implemented as proxies. 

3. The temporal changes of the physical parameters implemented in the 2-D model have different delay 

times with respect to the temporal changes of the smoothed experimental data of the GCR intensity 

observed by NM Oulu. 

4. We obtained different DT for the SC: from #20 to #23 

- an acceptable compatibility is kept when the minimum of the 

expected temporal changes of the GCR particles density is shifted with

respect to the minimum of the temporal changes of the smoothed 

experimental data of the GCR intensity. 

Solar 

cycle from to

Delay 

time

20 1964 1976 4

21 1976 1986 18

22 1986 1996 2

23 1996 2008 12



II. Experimental Study 

Figure
Temporal changes of the normalized monthly intensity of the GCR observed by the Oulu NM versus inverted SSN.
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On figures are presented time profiles of the monthly data of the sunspot number and inverted intensity of GCR for Kiel

neutron monitor in a given sub-periods result of correlation coefficient for above sub-periods

Figures

Time profile of the monthly data of the sunspot number and inverted intensity of GCR for Kiel neutron monitor 
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Table 2. Coefficients correlation and delay times of different 10 (ascending and descending of GCR 

intensity or descending and ascending of SA) parts periods of solar magnetic cycles.

For a examination of the delay time calculated the correlation coefficient between GCR intensity an 

sunspot number in subsequent five periods depending on the HMF sign.



CONCLUSIONS:
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