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Abstract: In this work the solar modulation of galactic protons with energies of 45-110 MeV with the ARINA
experiment was studied. Time pro�les of galactic protons in the period 2006-2013 have been considered. It was
noticed that there was a gradual increase in the �uxes of protons in 2006-2009, then it began to decrease since
January 2010, which is associated with the transition from 23-rd solar cycle to the new 24-th one. Also in the
time pro�le quasiperiodic changes with periods of 1.5-year and 7-month were detected. The 7-month variations
are related with condition of experiment execution in low orbit (precession of elliptical orbit). Comparison of
ARINA results on proton modulation with PAMELA experimental data have been done. The correlation between
the galactic proton �uxes and heliospheric parameters such as the tilt angle of the heliospheric current sheet, the
solar wind velocity and the interplanetary magnetic �eld were estimated.
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1 Introduction
The solar modulation is the variation of the galactic cos-
mic rays (GCR) �ux inside the heliosphere in dependence
on the level of solar activity. It is induced by different so-
lar/interplanetary parameters changing. At that the condi-
tions of particle transport in the heliosphere characterized
by four main processes: diffusion, drift, convection, and
adiabatic energy losses change [1]. Till now, these mecha-
nisms have not been fully understood. At the end of 2009
there was a transition from the 23rd solar cycle, whose
minimum was abnormally long and was accompanied by a
small value of sunspots, to the 24th cycle (�gure1) [2].

Now there are different theoretic approaches to recon-
structing the cosmic rays �ux within this period: a large dif-
fusion coef�cient was introduced in [3]; a simultaneous in-
crease of the diffusion coef�cient and a change in the struc-
ture of the interplanetary magnetic �eld was considered in
[4]; a simultaneous increase in the diffusion mean free path
and drift velocity was suggested in [5]; and at last, some au-
thors conversely excluded the role of drift [6]. The cosmic
experiment ARINA has been carrying out a precision mea-
surement of the GCR �ux in the near Earth orbit from June
2006 till now and has covered this unusual period of solar
activity. In this regard, experimental data of spectrometer
ARINA can give new information. The correlation analy-
sis of GCR time pro�le of �ux measured by ARINA with
heliospheric parameters like interplanetary magnetic �eld
(IMF), the tilt angle of the heliospheric current sheet (HCS)
and solar wind velocity, de�ned in the experiments ACE
and OMNI, was carried out.

2 Scienti�c instrument and processing of
experimental data

Experiment ARINA is carried out since 15 June 2006 to
present time on board the Russian satellite Resurs-DK1
launched in the near-Earth quasi-polar orbit with altitude
from 350 to 600 km. Spectrometer ARINA [7] is a multi-

Figure 1: Sunspot number versus time.

layer tower of scintillation detectorsC1� C10. It can de-
tect electrons with energies from 3 to 30 MeV and protons
with energies from 45 to 110 MeV. Energy is determined
by the range of the particles in detectors. Protons and elec-
trons are identi�ed by analysis of energy release in scintil-
lation detectors. The geometric factor of the spectrometer
is about 10sm2sr. This experiment gives the possibility to
carry out the long-term GCR �ux measurements. For our
analysis protons with 45-110 MeV registered at geomag-
neticL � shell> 15 were selected.

3 Results and Discussion
Figure2 shows the time pro�le of galactic protons regis-
tered by ARINA spectrometer in the energy ranges 45-110
MeV and more then 110 MeV in the period from July 2006
to April 2013.

From July 2006 to November of 2009 the �ux of pro-
tons grew by 1.5-2 times. Subsequent measurements have
shown the changes in the trends in January of 2010 to be
associated with the beginning of the new 24-th solar cycle
and the growth of the solar activity. However, for this min-
imum the maximum of galactic proton �ux is higher than
for previous solar cycle by 10-15% [8, 9, 10, 11]. In the
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Figure 2: Galactic protons count rate measured by the
ARINA spectrometer.

Figure 3: Galactic protons intensity measured by the
PAMELA spectrometer.

time pro�le of the intensity quasiperiodic changes with pe-
riods of 1.5-year and 7-month could be distinguished. The
7-month variations are observed only in the time pro�le of
galactic protons measured by ARINA spectrometer. This
is due to precession of orbit of the satellite, changing the
altitude of perigee with 7-month period. This orbit preces-
sion modulates the in�uence of residual atmosphere on the
absorption of protons �ux. In September 2010, the orbit
of the satellite became circular (with an altitude of� 590
km) and these irregularities disappeared. The 1.5-year vari-
ations can be also distinguished in the time pro�le of galac-
tic protons registered in the PAMELA experiment (�gure
3) that carried out at the same satellite and under the same
conditions as the ARINA experiment [11]. The PAMELA
magnetic spectrometer registers protons in a range of ener-
gies from 100 MeV to dozens GeV. Experiments ARINA
and PAMELA complement each other and provide an op-
portunity to explore the �ux of galactic protons over a
wide energy range from 45 MeV to dozens GeV, and can
cover 11-year period from 23/24 minimum of solar cycle
till 24/25 one. The 1.5-year variations are traced also in the
experiment STEREO [12] in energies 40-100 MeV and ob-
servations of neutron monitors network [13]. In order to
�nd the reasons for the appearance of the 1.5-year varia-
tions a correlation analysis was performed for the tilt angle
of the HCS, the IMF, and the solar wind velocity [15]. We
used the data [14] for tilt angle of HCS and data [15] for
parameters of IMF. It was found a correlation between the
�ux of galactic protons registered by ARINA spectrometer
and the tilt angle of the current sheet with correlation coef-
�cient about 0.6. Previously similar lag has been reported,
for example, in [[16] and references therein] on the base
of neutron monitor data. At that changes of the �ux lag be-
hind at some time for a change of the tilt angle of HCS. In

this work it was found that this time shift is about 100 days.
Using data from the experiments ARINA and PAMELA to-
gether we can investigate the dependence of lag on the en-
ergy of proton �ux. Correlations between the �ux of galac-
tic protons and interplanetary magnetic �eld, proton �ux
and the solar wind velocity have been also determined. The
correlation coef�cients are about 0.72 and 0.7 respectively.
But the time shift is not found for IMF and the solar wind
velocity.

4 Conclusions
ARINA and PAMELA experiments are carried out on one
satellite and in the same space conditions, which makes it
possible to investigate the modulation of galactic protons
�ux in a wide range of energy from 45 MeV to dozens
of GeV. The period of operation of the spectrometers can
cover 11-year period from 23/24 minimum of solar cycle
till 24/25 one. The correlation between the galactic proton
�uxes and the tilt angle of the heliospheric current sheet,
the solar wind velocity and the interplanetary magnetic
�eld were estimated. The correlation coef�cients are about
0.6, 0.72 and 0.7 respectively.A time lag between changes
in the tilt angles of the heliospheric current sheet and GCR
intensity within the energy range of 45 MeV10 GeV was
detected.
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