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Abstract: Cosmic-ray observations from the worldwide network of stations and from space vehicles have been used 
to demonstrate that the crucial factor of the increase in galactic CR fluxes at the Earth's orbit during the solar cycle 24 
minimum is the reduction of energy losses when particles travel in regular electromagnetic fields of the heliosphere.  
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1 Introduction
 

The minimum between the solar cycles 23 and 24 was 
unusually prolonged and deep [1]. This period, called in 
[2] the cycle 24 minimum, is characterized by minimal 
(for the last several solar cycles) smoothed number of Rz 
sunspots. The authors [2] point out that the magnetic field 
of sunspots has regularly been decreasing since 1992, 
irrespective of the solar cycle phase [3]. The magnetic 
field of the Sun as a star also decreased. In May 2009, it 
was 3.6 �T, whereas at the preceding solar minima, ~6–7 
�T [4]. As magnetic fields on the Sun produce the helio-
spheric magnetic field, it also became weaker and more 
than once went bellow 4 nT at the Earth's orbit in 2009. 
This is by ~1 nT lower than at the preceding solar minima 
[5]. Accordingly, the observable galactic CR fluxes 
reached the highest level recorded in this period during 
which regular measurements of cosmic radiation were 
being carried out [6]. Thus observations from station 
Irkutsk (435 m above sea level) demonstrate that the neu-
tral CR component intensity in October 2009 went up by 
~2% as compared to that in April 2008. This phenomenon 
must be similar in nature to the effect described in [2].  

This paper deals with calculations of the CR differen-
tial rigidity spectrum at the Earth's orbit in April 2008 and 
October 2009 using measurements of cosmic-ray intensity 
from the worldwide network of stations and GOES space-
craft on the assumption that the crucial factor in the cos-
mic-ray modulation is their energy change when they 
travel in regular electromagnetic fields of the heliosphere.  

 
 
 

2 Results and conclusions 
 
In the proposed approach to the CR modulation issue, 

particle distribution function variations reflect changes in 
the structure of electromagnetic fields in the interplane-
tary medium. 

When moving in the SW electromagnetic field, along 
it and drifting under the effect of the induced electric 
field, charged cosmic-ray particles travel in the direction 
opposite to the electric field and as a result lose a part of 
their kinetic energy. The drift in the said direction is 
caused firstly by the field-line curvature (the centrifugal 
drift) and secondly by the presence of the field gradient 
component normal to the field line (the magnetic or gra-
dient drift). The change in the energy of a particle after it 
has drifted from the pole to the helioequator plane (if 
IMF is positive in the Northern hemisphere of the helio-
sphere) is described by the expres-

sion
2

0 0 (1 cos ) ,E
ze B r zeU
c

� ��
� � � �  where 

2
0 0 (1 cos )EU B r �� � �  is the electric field potential 

at the heliolatitude �E. When IMF has a non-spiral struc-
ture (for example, given loop structures or “magnetic 
clouds”, i.e. “magnetic traps”), �  values depend on the 
intensity of magnetic fields of these structures and on the 
SW velocity and substantially exceed �  for quiet geo-
magnetic conditions [9].  

The CR rigidity spectrum at the Earth's orbit on the 
assumption that the rigidity spectrum in the Galaxy is 
described by the power function from the total energy  
has the form:                     
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where � is the total particle energy with the rigidity R; �  
is its changes in the heliospheric electromagnetic fields; 
�0 is the rest energy; T0 is the particle kinetic energy at 
which the CR intensity of corresponding rigidity in the 
Galaxy is A;  and  are the spectral indices of the galac-
tic spectrum. 

This paper rests on proton intensity observations from 
GOES-11 spacecraft in the energy ranges of 4–9, 9–15, 
15–40, 40–80, 80–165 and 165–500 MeV [7]. At higher 
energies, we have exploited data on primary CR spec-
trum variations obtained by the method of spectrographic 
global survey (SGS) [8, 9] from ground-based measure-
ments at the worldwide network of neutron monitors (44 
stations). Modulation amplitudes were calculated from 
the quiet level in April 2008. 

To determine dependence of �� on R by a function 
minimization technique, 
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we solved Equation (1) by substituting observable values 
of particle intensity into the left side of the equation for 
each of the energy ranges in use to determine the un-
known �� value corresponding to the given energy range. 
Thus the �� dependence on the particle rigidity compati-
ble with the mean energy value in the energy ranges 
employed, i.e. �� (R), and the proton rigidity spectrum at 
the Earth's orbit in April 2008 and October 2009 were 
defined. Figure 1 presents the hourly CR-energy changes 
in the heliospheric electromagnetic fields in April 2008 
and October 2009.  

 

 
 

Figure 1. The CR energy changes in the heliospheric 
electromagnetic fields in April 2008 and October 2009. 

 
 

Figure 2. The proton differential spectra at the Earth's 
orbit in April 2008 and October 2009. 

The CR energy changes in the heliospheric electro-
magnetic fields in April 2008 were, on average, ~0.50 
GV; in October 2009, ~0.37 GV. These values are close 
to «modulation parameter» ones for solar minima ob-
tained in [10] with the force field model [11]. The results of 
proton rigidity spectrum calculations are shown in figure 2, 
where the dashed curve is the proton rigidity spectrum in 
April 2008, the solid curve is that in October 2009, the 
circles and the triangles are the observations. 

It is obvious that the calculation results accord closely 
with the observations obtained from the worldwide net-
work of cosmic-ray stations; the CR energy changes in 
the heliospheric electromagnetic fields in April 2008 and 
October 2009 are consistent with modulation parameter 
values for solar minima obtained in the paper by applica-
tion of the force field model.  

From the above discussion we can draw a conclusion 
that the crucial factor of the increase in galactic CR 
fluxes at the Earth's orbit in October 2009 as compared to 
April 2008 is the reduction of energy losses when parti-
cles travel in regular electromagnetic fields of the helio-
sphere. 
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