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Abstract: We develop a three dimensional (3-D) model of the 27-day variation of galactic cosmic ray intensity (GCR) 
based on the heliolongitudinally dependent solar wind velocity. A consistent, divergence-free interplanetary magnetic 
field (IMF) is derived by solving Maxwell’s equations with a heliolongitudinally dependent 27-day variation of the 
solar wind velocity reproducing in situ observations. We consider two types of 3-D models of the 27-day variation of 
the GCR intensity - (1) with a plane heliospheric neutral sheet (HNS), and (2)- with the sector structure of the IMF. 
The proposed model of the 27-day variation is compatible with the neutron monitor observations for the Bartels rota-
tion (BR) period # 2379 of 23 November 2007 – 19 December 2007. The expected  27-day variation of the GCR in-
tensity is inversely correlated with the modulation parameter � being proportional to the product of the solar wind ve-
locity V and the strength of IMF B (�~ VB). The high anticorrelation between these quantities indicates that the pre-
dictable 27-day variation of the GCR intensity mainly is caused by this basic modulation effect. 
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1 Introduction 
 
Modeling of the 27-day variation of the galactic cosmic 
ray (GCR) intensity is much of interest up to now. 
Recently, we showed in [1] that to explain features of 
the 27-day variation of the GCR intensity by 3-D mod-
elling, there should be taken into account a consistent, 
divergence-free interplanetary magnetic field (IMF) 
derived from Maxwell’s equations with the heliolongi-
tudinally dependent solar wind velocity reproducing in 
situ observations. Our aim in this paper is threefold: (1) 
to study relationships of the 27-day variation of the 
GCR intensity, solar wind velocity and the IMF based 
on the experimental data for one Sun’s Bartels rotation 
(BR) # 2379 of  23 November 2007–19 December 
2007, (2) to compose a 3-D model of the 27-day varia-
tion of the GCR intensity including the solar wind 
velocity depending on heliolongitudes (reproducing in 
situ measurements) and corresponding divergence-free 
IMF derived from Maxwell’s equations taking into 
account sector structure of the IMF, and (3) to carry out 

a comparison and analysis of the results obtained based 
on the experimental data and modeling. 
 
2 Data analysis for Bartels Rotation 

# 2377-2381 of 30 September 
2007– 11 February 2008 

 
Figure 1 presents temporal changes of the daily solar 
wind velocity [OMNI], GCR intensity from the Kiel 
neutron monitor, and radial Bx, azimuthal By and lati-
tudinal Bz components of the IMF [OMNI] for five 
successive BR periods #2377-2381 of 30 September 
2007– 11 February 2008. Figure 1 shows that the quasi 
periodic changes ~ 27 days are more or less recogniza-
ble in all parameters except the Bz component. Due to 
extremely small values of the Bz  component its  con-
tribution in the magnitude of the IMF is negligible, so, 
in this paper, we neglect its role in further study. Our 
aim is to compose a 3-D model of the 27-day variation 
capable to explain the behavior of the GCR intensity 
during single BR period. Generally, for analysis one 
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can choose arbitrarily any BR period from five succes-
sive BR periods # 2377-2381. However, we suppose 
that to find single-valued reliable relationship of the 
recurrent changes of the GCR intensity variation with 
the similar changes of the solar activity and solar wind 
parameters, it is reasonable to analyze a BR period with 
clearer pronunciations of these changes. To compose a 
3-D model of the 27-day variation capable to explain 
the  behavior of the GCR intensity during a single BR 
period, we have chosen the BR period #2379 of  23 
November 2007 – 19 December 2007 (black box in 
Figure 1) with the highest correlation coefficient be-
tween changes of the GCR intensity variations and 
solar wind velocity, r=-0.81±0.01. Figure 2ab shows 
daily data (points) and the first harmonic waves of the 
27-day variations (dashed lines) of the solar wind ve-
locity (Figure 2a), and the GCR intensity (Figure 2b) 

 
Figure. 1. Temporal changes of the daily solar wind 
velocity [OMNI], GCR intensity from the Kiel neutron 
monitor and radial Bx, azimuthal By and latitudinal Bz 
components of the IMF [OMNI] for the period of 30 
September 2007–11 February 2008 (BR # 2377-2381); 
black box designates BR #2379 of 23 November 2007- 
19 December 2007. 
 
during the BR # 2379 period (23 November 2007 – 19 
December 2007). The first harmonic wave of the 27-
day variation (dashed line) of the solar wind velocity 
(Figure 2a) is expressed as: ))sin(1( 00 ��� ���VVr        (1) 
where 4420 �V  km/s, 4.1,3.0 0 ��� ��  (in radians). The 
correlation coefficient between the changes of the ex-
perimental daily data (points) of the solar wind velocity 

 
Figure  2ab. Temporal changes of daily data (points) 
and an approximation of the first harmonic waves of 
the 27-day variations (dashed lines) of the solar wind 
velocity (a), and the GCR intensity (b) during the pe-
riod of 23 November-19 December 2007 (BR# 2379). 
 
 (Figure 2a) and the GCR intensity (Figure 2b) is nega-
tive and equals -0.81 ± 0.01, while the correlation coef-
ficient between the solar wind velocity and the GCR 
intensity represented by the first harmonic waves of the 

27-day variations (dashed lines, Figure 2ab) is higher 
and equals - 0.99 ± 0.02. Thus, the experimental data 
show that a role of the first harmonic of the 27-day 
variation of the solar wind velocity is decisive in the 
creation of the 27-day variation of the GCR intensity 
during BR # 2379 in the minimum epoch of solar activ-
ity.  

3 Model of the IMF for the variable 
solar wind velocity and numerical 
solution of Maxwell’s equation  
 
Maxwell’s equation for infinite conductivity plasma 
can be written e.g. [2-5]:  
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where �
V  is the solar wind velocity, �

B  –magnetic induc-
tion. Our aim in this paper is to describe 27-day varia-
tion of the GCR intensity during one BR period. For 
this purpose we suggest that the 3-D model of the 27-
day variation of the GCR intensity reflects processes 
corresponding to the instant state of the heliosphere 
during one BR period (27-days). So, the heliolongitu-
dinal changes of the solar wind velocity, Bx, By and Bz 
components of the IMF can be considered as a quasi 
stationary for one BR period of the Sun, i.e. the spatial 
distribution of the GCR density is determined by the 
longitudinally dependent, but steady-state parameters - 
the solar wind velocity, Bx, By and Bz components of 
the IMF. For that reason, we accept that 

t
B
�
�  in the sys-

tem of Equations (2). Also, we accept that average 
value of the heliolatitudinal component of the solar 
wind velocity �V  equals zero. Then the system of 
Equations (2) can be reduced, as 
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The latitudinal component �B  of the IMF is very 
feeble for the period to be analyzed, so we can assume 
that 0��B , so further we consider Parker’s spiral 2-D 
model of the IMF. This assumption straightforwardly 
leads (from Equation (3a)) to the relationship between 

rB  and �B , as 
r

r V
V

BB �
� � . Then Equation (3d) with 

respect to the radial component rB  has a form: 

0321 ��
�
�

�
�
�

r
rr BABA

r
BA

�
.   (4) 

Equation (4) was solved by the method described in 
detail in [1], [6]. The kinematical model of the IMF 
with variable solar wind velocity has some limitations, 
especially it can be applied until some radial distance, 
while at large radii the faster wind would overtake the 
previously emitted slower one. To exclude an intersec-
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tion of the IMF lines the heliolongitudinal asymmetry 
of the solar wind velocity takes place only up to the 
distance of � 8 AU and then 400�V  km s-1 through-
out the heliosphere; for that reason, behind 8 AU the 
standard Parker’s magnetic field is applied. At this 
distance the IMF is weak and almost tangential, so is 
not sensitive at all to transit from the heliolongitudinal 
asymmetry region of the heliosphere to the Parker’s 
type heliosphere region. However, as it was expected, 
Maxwell’s equation due to its specific solutions (con-
nected with the boundary conditions) does not provide 
a sector structure, observed in the experimental data  
due to non coincidence of the magnetic dipole and 
heliographic axes of the Sun [7]. The sign of B is ad-
justed later in accordance with the sector structure 
observed at 1 AU. 

4 Model of the 27-day variation of 
the GCR intensity 

 
We model the 27-day variation of the GCR intensity 
based on the Parker’s transport equation [8]. We im-
plement in the model of the 27-day variation of the 
GCR intensity the first harmonic of the 27-day varia-
tion of the solar wind velocity representing in situ mea-
surements of the BR # 2379 period (Equation (1)) and 
corresponding components rB  and �B  of the IMF 
obtained as the solutions of Maxwell’s equations for 
the variable solar wind velocity (Equation (4)). Subse-
quent papers [9-11] show the results that the ampli-
tudes of the 27-day variations of the GCR intensity and 
anisotropy do not depend on the tilt angles of the HNS 
during the 11-year cycle of solar activity. It is accepta-
ble to use the planar HNS in modeling of the 27-day 
variation of the GCR intensity. Nevertheless, as the 
sector structure of the IMF is observed, it is of interest 
to take into account waviness of the HNS in modeling 
of the 27-day variation of the GCR intensity. The vec-
tor �

B  of the IMF may be written [12]: 

� �� � �
�
�

�
�
� ����

���

���� eBeBHB rr
'21   (5) 

where H is the Heaviside step function changing the 
sign of the global magnetic field in each hemisphere, �

re  
and �

�e  are the unite vectors directed along the compo-
nent 

rB and 
�B  of the IMF and '�  corresponds to the 

heliolatitudinal position of the HNS. We implement  
the sector structure in the model of the 27-day variation 
of the GCR intensity using the formula suggested by 
[13]; the formula adjusting to the period of  BR # 2379 
can be expressed, as: 
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where 015��  is the observed tilt angle during  BR 
period # 2379  and  the value 0.87 (in radian) - shifting 
angle of  the  HNS with respect to the heliolongitude 
corresponding to the BR period # 2379. The neutral 

sheet drift was taken into account according to the 
boundary condition method [12], when the delta func-
tion at the HNS is a consequence of the abrupt change 
in sign of the IMF. The proposed 3-D model of the 27-
day variation was solved by the method described in 
detail in [1] and [6] for two cases: (1) for the planar 
HNS and (2) for the wavy HNS. As it is seen from 
Figure 3ab, experimental data of the Bx and By compo-
nents of the IMF show sector structure, while as was 
mentioned above these components found as the solu-
tions of Maxwell’s equation do not provide sector 
structure. However, we implement in the numerical 
model of the 27-day variation of the GCR intensity the 
hybrid scheme which includes  

rB  and 
�B  components 

obtained as the solutions of Maxwell’s equation and 
sector structure according to formulas (5) and (6) cor-
responding to in situ measurements for BR # 2379 
(Figure 4ab).  

 
Figure 3ab. Heliolongitudinal changes of the (a) 

xB  and 
(b) yB  components of the IMF measured at the Earth 
[OMNI] during the period of 23 November-19 Decem-
ber 2007 (BR# 2379) (points) and the first harmonic 
waves  of the 27-day variations (dashed lines). 

 
Figure 4ab. Heliolongitudinal changes of the (a) 

rB  and 
(b) 

�B  components of the IMF near Earth orbit ob-
tained as the solution of  Maxwell’s equations for the 
solar wind velocity given by (1) taking into account 
sector structure of the IMF (points) and its first har-
monic waves  of the 27-day variations (dashed lines). 

 

Figure 4ab shows the heliolongitudinal changes of the 
rB  and �B  components of the IMF obtained as the 

solution of  Maxwell’s equations, taking into account 
sector structure of the IMF (points) and its first har-
monic waves of the 27-day variations (dashed lines). 
Comparing Figures 3ab and 4ab one can find that the 
27-day waves of the observed Bx and  By components 
of the IMF coincide with the theoretical rB  and 

�B  
components of the IMF included in the model of the 
27-day variation of the GCR intensity. Figure 5a shows 
the experimental data of Kiel neutron monitor (points) 
for the one BR # 2379 period of 23 November 2007–19 
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December 2007 and its first harmonic wave (dotted 
line); also in this figure are presented  heliolongitudinal 
changes of the expected first harmonic waves of the 
27-day variation of the GCR intensity for rigidity 
10GV at the Earth orbit obtained as a solution of two 
models: (1) with the planar HNS (dashed line) and (2) 
with the sector structure of the IMF (solid line). Com-
paring the results of two different models of the 27-day 
variation of the GCR intensity one can conclude that a 
consideration of the sector structure of the IMF does 
not cause significant effect. Figure 5a shows an accept-
able agreement of the expected changes of the ampli-
tudes of the 27-day variation of the GCR intensity 
obtained by theoretical modeling with the experimental 
data.  

      
Figure 5ab. (a) Heliolongitudinal changes of the ex-
pected first harmonic waves of the 27-day variation of 
the GCR intensity for rigidity 10GV at the Earth orbit 
obtained as a solution of two models: (1) - with the 
plane HNS (dashed line) and (2)- with the sector struc-
ture of the IMF (solid line) and temporal changes of 
GCR intensity by Kiel neutron monitor (points) and its 
first harmonic wave (dotted line) during the period of 
23 November – 19 December 2007, BR # 2379; (b) 
heliolongitudinal changes of the parameter �~VB 
(dashed line) and the expected GCR intensity for rigidi-
ty 10GV at the Earth orbit obtained as a solution of the 
model with the sector structure of the IMF (solid line) 
during Sun’s Bartel rotation # 2379 of 23 November – 
19 December 2007. 
 
It should be pointed out that in the proposed 3-D model 
of the 27-day variation of the GCR intensity an impor-
tant and dominant role is played by the 27-day changes 
of the solar wind velocity together with  the diffusion 
coefficient K of the GCR particles, which depends, 
among other parameters, on the magnitude B of the 
regular IMF, as K�1/B. Certainly, the transport equa-
tion in this case explicitly contains the modulation 
parameter � which is proportional to the product of the 
solar wind velocity V and the strength B of the regular 
IMF (� ~ VB). This is a hidden effect of the electric 
field in transport equation being responsible, in general, 
for the convection-diffusion propagation of GCR [8], 
[14] Figure 5b demonstrates the changes of the parame-
ter � ~ VB (dashed line) at the Earth orbit for the solar 
wind velocity V given by the Equation (1) and magni-
tude B of the IMF obtained as the numerical solution of 
Equation (4), and the expected 27-day wave of the 
GCR intensity for rigidity 10 GV obtained as a solution 
of the 3-D model (solid line) with wavy HNS. Figure 
5b shows that there is a remarkable negative correlation 

between the modulation parameter � and expected 27-
day wave of the GCR intensity, r = -0.91 � 0.05.  
 

5 Conclusions 
 
1. 3-D model of the 27-day variation of GCR intensity 

is proposed based on the Parker’s transport equation 
taking into account a consistent, divergence-free IMF 
derived from Maxwell’s equations with the heliolon-
gitudinally dependent solar wind velocity reproduc-
ing in situ observations. 

2. Two types of 3-D models of the 27-day variation of 
GCR intensity are considered: (1) with planar HNS, 
and (2) with the sector structure of the IMF. The 
theoretical calculation shows that the sector structure 
of the IMF does not influence significantly the 27-
day variation of GCR intensity. The proposed models 
are compatible with Kiel neutron monitor data for the 
period to be analyzed. 

3. The expected 27-day variation of the GCR intensity 
is inversely correlated with the modulation parameter 
�~ VB being responsible, in general, for the convec-
tion-diffusion propagation of GCR. High anticorrela-
tion between expected 27-day variation of the GCR 
intensity and parameter � shows that the 27-day vari-
ation of the GCR intensity takes place mainly due to 
this modulation effect  in the minimum epoch of so-
lar activity. 
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