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Abstract: A brief review of the effects due to cosmic rays (CRs) and solar energetic particles (SEPs) in the
Earth’s atmospheric mechanism and ionization is presented. The numerical models (Bern, Oulu and Sofia), that
are capable to compute the cosmic ray induced ionization at a given location and time were discussed.CORIMIA
(Cosmic Ray Ionization Model for Ionosphere and Atmosphere) Models and application of CORSIKA (Cosmic
Ray SImulations for KAscade) code werealso discussed. The characterization of cosmic rays and solar flare
expose a conspicuous variations in the events against time/day. An anti-correlation coefficient, r, spectrum of
-0.35  r  -0.01 were obtained. This anti-correlation relationship reviewed that the sources of the events
originated from different output. 
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INTRODUCTION addition, the galactic cosmic rays produce nuclear-

The observational effects of cosmic rays and solar mesons and nucleons with energies more than 10  MeV.
flare particles in the Earth’satmosphere mechanisms and However at altitudes below 30 km, the primary cosmic rays
ionization are currently and highly controversial.  They initiate a nucleonic-electromagnetic cascade in the
are many physical, chemical and biological mechanisms atmosphere, with the main energy losses, resulting in
that occur in the Earth’s atmosphere that have been ionization, dissociation and excitation of molecules [5].
globally debated. Therefore, the study of high energetic The Monte Carlo CORSIKA (COsmic Ray SImulations for
charged particles (HECPs) from far and near galactic KAscade) simulation experiment was used for modeling
sources onto the Earth’s atmosphere, causing space the atmospheric nucleonic-electromagnetic cascade in the
mechanisms and ionization processes is important for Earth’s atmosphere [6, 7]. Also GCRs influence the
understanding. Investigations have shown that galactic ionization and therefore, the electrical parameters in the
energy particles and radiations are dangerous to living planetary atmosphere [8, 9]. In the framework of COST-724
organisms. However, at the surface of the Earth, living action (2003–2007), the following numerical cosmic ray
organisms are well protected from the effects of such (CR) ionization models have been developed [10], Sofia
HECPs  by  the Earth’s magnetic field and atmosphere. modelled the analytical approximation of the direct
The most dangerous  emissions  from  these  HECPs   are ionization by primary CR above 30 km [11, 12]; CORSIKA
protons, X- Rays (X-Rs) and ultraviolent radiations (UV). Monte-Carlo package extended FLUKA package to
In the light of these, they study of the Earth’s mechanism simulate the low-energy nuclear interactions below 30km
and ionization remains unlimited environmental farming [13, 14]; Oulu CRAC (Cosmic Ray Atmospheric Cascade)
field for astronomers, astrophysics and space scientist modelled the CORSIKA/FLUKA Monte-Carlo Simulations
globally. for direct ionization [15, 16]; Bern model (using

The basic mechanism for the formation of ATMOCOSMICS/PLANETOCOSMICS code) which is
atmospheric ion by cosmic rays could affect the growth of based on the GEANT-4 Monte-Carlo simulation package
cloud condensation nuclei in the Earth’s climate [1, 2] and [17, 18, 19]; CORSIKA and GEANT-4 code were studied
the removal of charged droplets from cloud [3, 4]. In for the cascade evolution in the atmosphere, simulating

electromagnetic cascades involving electrons, x-rays,
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the interactions and decays of various nuclei, hadrons, light. The compositions of solar flare are protons, electron
muons,  electrons  and photons. The simulations detailed and heavy nuclei. When they penetrate the Earth’s
the type, energy, momenta, location and arrival time of the atmosphere, they can cause ionization and expand the
produced secondary particles at given selected altitude Earth’s upper atmosphere. The number of solar flare in the
above sea level [20]. Earth’s atmosphere increases with decreasing intensity to

Cosmic rays are high energetic charged particles the limit of the sensitivity of the instrument that has been
originated from galaxies and interplanetary space [21]. The used to detect them. The statistics of flares that were
initial sources of cosmic rays unto the Earth’s atmosphere detected from 1980 - 1989 with the Hard x- rays Burst
are classified as primary cosmic rays [22]. The major Spectrometer on the Solar Maximum Mission show that
dominated composition of this primary cosmic rays is flares occurred at an average rate of ~1 per day at solar
proton (~ 10%) while the minor composition is electrons minimum. At solar maximum, the average rate was as high
(~1%). Velinov et al. [9], reported that 2012 marks the as 20 per day (average over a 6 months interval). So the
centenary anniversary of the discovery of cosmic rays by rate at solar maximum is roughly a factor of 10 greater than
Victor Hess [23]. Since then the scientific community solar minimum. It is important to realize, however, that the
became interested in the ionization effects of space solar rate is very irregular. They can be long period of time
radiation  on  the Earth’s atmosphere and environment. at solar minimum when no detectable flare occur. Then, a
The V2 rocket measurements in the middle of the 20th large active region can form and produce many flares in
century by James [24], detailed the first empirical profiles just a few days [31]. 
of the ionization effects until 100 km. The first quantitative Balloon experiments have been used in the past to
model aiming to calculate the atmospheric ionization was measure the induced ionization at different locations and
developed [25, 26, 27]. The model used an approach based during solar cycles [32, 33, 34]. HEGCRs that are always
on analytical approximation of the cosmic ray ionization present in the vicinity of the Earth’s atmosphere and are
losses.Further improvement on this approach was subject of solar modulation [35]. In contrary, solar flare
investigated [28, 29]. For many purposes, the effect of does not produce nuclear-electromagnetic cascades in the
cosmic rays on the ozone layer and formation of clouds in Earth’s atmosphere as stated in the roles of cosmic rays.
the  troposphere  becomes  an  interested area for study. In a similar form, cosmic rays and solar flare are mostly
It is important to know that thevariations of cosmic ray made up of protons, x-Rs and UV radiations in their
induced ionization (CRII) are dependent of the location, composition.
time, solar and geomagnetic activity. They also affect the The D-region of the Earth’s atmosphere (ranging
ozone creation and depletion which the chemical process from 50 to 80km) above the sea level, create an
in the Earth’s stratosphere [30]. independent galactic charged particles (GCPs) interaction

In the same way, sporadic solar flare particles [36, 37, 38, 9]. Hence, the GCPs ionize the entire
(SSFPs) have been reported to have a direct effect on the atmosphere up to 100km.Thus, above 100km altitude, the
Earth’s atmosphere [31]. The intensity of the solar flare contributions of the electromagnetic, x-Rs and UV
radiation doestravel in 8 – 10minutes interval to the radiation dominates [9]. Based on these, GCPs influences
Earth’s surface. They are the most sudden, rapid, intense the ionization, chemical and electrical conditions in the
variation in brightnessand energetic explosions in the atmosphere (ranging from 5 - 100km).Contrary, near
solar system. A solar flare occurs when magnetic energy Earth’s surface (ranging from 0 - 5km) an additional source
ranging from 10 ergs/s to 10  erg/s that has built up in of ionization occurs via natural radioactivity of the soil27 32

the solar atmosphere is suddenly released from the corona may introduce radon gas emission in some regions [39].
of the sun. The radiation is emitted virtually across the For the GCPs ionization in the Earth’s atmosphere,
entire electromagnetic spectrum from radio wave (at long three important sources have been discussed in the
wavelength end) through optical emission to x-rays and literature reviewed: High energy galactic cosmic rays
gamma-rays (at the short wavelength end). The amount of (HEGCRs) particles with energies ~10  – 10 eV [35 and 9]
energy released is the equivalent of millions of hundred and Sporadic high solar energetic particles (HSEPs) of
megaton  hydrogen  bombs exploding at the same time. energies ranging ~10  – 10 eV have to be present in the
The first solar flare recorded in astronomical literatures Earth’s atmosphere and are subject to 11 years solar
was on September 1, 1859. Two scientists, Richard C. modulation [40, 5, 41]; and Anomalous Cosmic Ray(ACR)
Carrington and Richard Hodgson, were independently with lower energies ~10 –10 eV at geomagnetic latitude
observing sunspot when they viewed a large flare in white above 65° – 70° [42].
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However, some authors stated that HEGCR particles Galactic Cosmic Rays Induced Ionization: The ionization
and HSEPs such as solar flare are the most penetrating due to galactic cosmic rays (GCRs) is always present in
radiation in space and the major source of ionization in the the atmosphere and it changes with the 11-year solar
atmosphere below ~60km [39 and 43]. These two particles cycle due to the solar modulation. Primary cosmic rays
are combined and known as high galactic energy charged initiate a nucleonic-electromagnetic cascade in the
particles (HGECPs) in this work. The effects of the atmosphere, with the main energy losses at altitudes
HGECPs in the Earth’s atmosphere are globally discussed below 30 km resulting in ionization, dissociation and
[3, 44]. The scientific and observatory data are easily excitation of molecules (Dorman, 2004).
available in the observatories website. This paper will The numerical models of CRII of Usoskinet al.,
focus on the statistical study of HGECPs in the Earth’s 2004expressionwas represented in the form
atmosphere as it majorlyinfluences ionization. The main
objective of this work is to statistically investigate the (1)
effect of cosmic rays and solar flare in the earth’s
atmosphere. where the summation is performed over different i-th

They are several important effects of atmospheric species  of  CR  (protons, -particles, heavier species),
ionization and mechanism in the epoch of developing Y (h, T) is the ionization yield function (the number of ion
science and technology. The X- rays from the high pairs produced at altitude h in the atmosphere by one CR
galactic charged particles (HGCPs) are stopped by the particle of the i-th type with kinetic energy, T. Whereas,
Earth’s atmosphere above the Earth’s surface. They affect the differential energy spectrum J (T, ) of the i-th specie
long distance communication which depends on the state of GCR in space near Earth depends on solar activity and
of the ionosphere. Along with energetic UV-radiation, is often parameterized via the modulation potential [15].
they heat the Earth’s outer atmosphere, causing it to Finally, the integration is performed above T , which is
expand. This increases drag on the Earth’s – orbiting the kinetic energy of a particle of i-th type, corresponding
satellites, reducing their lifetime in the orbit. They present to the local geomagnetic rigidity cutoff P . These
a radiation hazard to spacecraft crew. The source of numerical models are based on computations of Y (h, T) by
HGCPs influences the penetrating particles on Monte-Carlo simulations of the nucleonic-electromagnetic
instruments, computers and solar batteries onboard cascade  initiated  by  cosmic  rays  in  the atmosphere.
spacecraft’s [45]. Also both intense radio emissions The Bern model [18], is based on the GEANT-4 Monte-
which cause changes in the atmosphere can degrade the Carlo simulation package. The Oulu model is based on the
precision of Global Positioning System (GPS) CORSIKA Monte-Carlo package extended by FLUKA
measurement. The accumulation of charged particles in package to simulate the low-energy nuclear interactions
the Earth’s atmosphere can produce lightning discharge and accounting for direct ionization by primary CR
which is hazardous on the Earth’s surface. Finally, the particles. Detailed tables of Y values are shown [16]. The
energetic particles accelerated can escape into the Sofia model includes an analytical approximation of the
interplanetary space which can be dangerous to direct ionization by primary CR [38], as well as
astronauts and electron instrument in space. Based on the CORSIKA/FLUKA Monte-Carlo simulations [13].
above problems, scientific devices have been developed Considering different locations and dates of
by engineers to enhance control or shade the effect and individual measurements and calculated values, the
moreover research data are collected from observatories agreement is excellent [46, 16]. The results of the
monitors. Similarly, high energy release processes can CORSIKA-based Sofia model are very close to those of
also take place in other astronomical events. These events the Oulu model. The analytical approximation model
occur on object that is too far away to study beyond our reasonably agrees with the numerical models [47]. 
milky-way galaxy. The understanding of cosmic rays and In contrast to the lower atmosphere, the ionization of
solar flare can lead to the understanding of these events: the middle and upper atmosphere, where the cascade is
Flare stars, Pulsars, Black-holes, Quasars and Radio not completely developed, simple analytical solution
Galaxies.  In  particular, solar flares provides an where  applied.  The atmospheric depth at the altitude of
opportunity to study physical processes in nature that are 30 km, which is much less than the nuclear free path of
similar to those that occur in laboratory devices, designed protons and particles is considered. Therefore, one can
for the purpose of achieving controlled thermonuclear neglect nuclear interactions in the middle atmosphere
fusion. above  30  km  (upper  stratosphere  and  ionosphere)  and
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consider only ionization losses of the primary CR particles Solar Energetic Particles Induced Ionization: The
[38, 10]. Furthermore, for the altitude above 50 km, one can sporadic solar energetic particles (SSEPs) events occur
neglect changes of the energy of energetic particles, thus when strong fluxes of energetic particles are produced as
reducing the computation of CR ionization to an analytical solar flares or coronal mass ejections (CMEs). SSEPs
thin target model [25]. (mostly protons) interacting with the Earth’s atmosphere

In the altitude range from 25–30 to 50 km, an can produce an important increase of the atmosphere
intermediate model needs to be used, that accounts also ionization [52]. These energetic particles are accelerated
for  the  particle’s  deceleration due to ionization losses up to hundreds of MeV and increase ionization is
[48, 49, 9]. This model was applied for calculation of observed at high altitude in the polar atmosphere.
electron density and atmospheric electrical conductivities Therefore, particles can be accelerated up to high
in  the  middle atmosphere for different particles: Galactic energetic particles (HEPs) (a few GeV) during strong
Comic Rays (GCRs), Anomalous Cosmic Rays (ACRs) and events. Ionization effects due to HEPs can extend down
Solar Energetic Particles (SEPs). The intermediate to the lower altitude [10].
ionization model was developed by considering the The quantitative effect of a severe SSEP/ HEP event
Chapman function values for the inclined penetrating of 20/01/2005 on the ionization were considered, which
particles in the spherical atmosphere [50]. The program was one of the strongest HEPs ever observed. The
CORIMIA (COsmic Ray Ionization Model for Ionosphere computation of the ionization of the Earth’s atmosphere
and Atmosphere) is developed for calculation of the by SSEPs at the peak of the event was considered using
electron and ion production rate due to cosmic rays using the spectrum and the angular distribution of solar protons
ionization losses (Bohr-Bethe-Bloch function) outside the magnetosphere from the neutron monitor
approximation in six characteristic energy intervals, network data [53].
including the charge decrease interval for electron In contrast to HEP which impinges on Earth nearly
capturing [51]. Results of the model for calculation of CR isotropically, SSEP have an anisotropic spatial
ionization rates q (the number of electron-ion pairs in cm distribution, especially during the maximum event. An3

per second at given altitude h, km) in the ionosphere and illustration for the anisotropic SSEP propagation is shown
middle atmosphere are presented [9]. The mathematical in [10].
expression of the fully operational program CORIMIA is The asymptotic directions, which are the particle
presented as follows [9]: arrival directions outside the magnetosphere, depend on

the particle’s rigidity and are computed using the

(2) Data and Result Analysis: The source of data for cosmic

where D (E) is the CR differential spectrum (cm  s  st observatories  of  Solar Soft Data Centre (SSDC) andi
2 1 1

MeV ), (dE/dh) are ionization losses (Sternheimer 1961) Space  Physics  Interactive Data Resources (SPIDR).1

of particles of type i, A is the azimuth angle,  is the angle These data were grouped in three months
towards the vertical,  takes into account that at a given intervalcovering 12- month’s events in 2005. The data are
height h the particles can penetrate from the space angle also easily available for scientific disposal. The results
(0°,  = 90° + ), which is greater than the upper analyses are achieved as follows:max

hemisphere angle (0°, 90°_) for flat model. E  are thei

energy  cut-off  which corresponds to the geomagnetic Characterization: The variations in each of the groups
cut-off  rigidity R . The summation in the ionization are shownin a graphical form. The first group whichc

integral (2) is made on the groups of nuclei (i = 1, … 6): covers the events of January, February and March are
protons, p; Helium ( particles); Light, L (3  Z  5); shown in Fig. 1; the second group covers the events of
Medium,  M (6  Z  9); Heavy, H (Z 10) and Very April, May and June as shown in Fig. 2; the third group
Heavy VH (Z  20) nuclei in the composition of cosmic covers the events of July, August and September as
rays. Z is the charge of the nuclei, Q = 35 eV is the energy shown in Fig. 3; whereas the fourth group covers the
which is necessary for formation of one electron-ion pair events of October, November and December are shown in
[9]. Fig. 4.

backward trajectory technique (Smart et al., 2000).

rays and solar flare used in this paperwere collected from



Middle-East J. Sci. Res., 24 (5): 1794-1801, 2016

1798

Fig. 1: Variations of cosmic ray (Cr) and solar flare (Sf) counts against Time/days in the months of January, February and
March, 2005

Fig. 2: Variations of cosmic ray (Cr) and solar flare (Sf) counts against Time/days in the months of April, May and June,
2005

Fig. 3: Variations of cosmic ray (Cr) and solar flare (Sf) counts against Time/days in the months of July, August and
September, 2005

Correlation: The characterization of cosmic rays and events  to  justify  the  study  of the relationship.
solar  flare  in  the   earth’s   atmosphere   identified Therefore, correlation analysis using Microsoft Excel
partially  or  completely  no  counts   in   either  cosmic programs  were  carried  out  in  order  to  ascertain  the
rays or solar flarein the months of March, June, July level  of  relationship  between  cosmic   ray   flux  and
August,  September  and  October.  Base  on this solar flare. The results of the level of correlation
shortfalls,  the  correlation  can  successfully  be  carried coefficient,  r,  are  presented  in  a histogram form as in
out in the selected months of complete occurrenceof Fig. 5.
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Fig. 4: Variations of cosmic ray (Cr) and solar flare (Sf) counts against Time/days in the months of October, November
and December, 2005

Fig. 5: Correlation coefficient, r between cosmic rays and solar flare per month

DISCUSSIONS flares in the earth’s atmosphere.The anti-correlation

The cosmic rays(CRs) and solar flare(SF) entering the sources.The analysis identified that no cosmic ray events
earth’s atmosphere affect the phenomena which detects for some events were observed. This could be traced to
the parameters. The results of the statistical study of the the threshold sensitivity of the observatory
two events (i.e. CR and SF) showed high and low instrument.General agreement exists that the ionization
significant variations in the events. This characterizations due to CR and SF influences the ozone concentration in
are in agreement with some authorsn [10, 9]. No cosmic the atmosphere. 
rays detection was observed in the events of July,
August, September and October and partially for 18 days REFERENCES
in the event of June. On the side of solar flareevents,
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