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Abstract: The SecondaryCR model evaluates secondary particles spectra of e−, e+, µ+, µ−, gammas, protons,
neutrons, Cherenkov light etc. in the Earth atmosphere at different positions, altitudes and times during 23rd solar
cycle. For evaluation of spectra at 1AU on magnetopause we use the results of HelMod model [1]. Transparency of
magnetosphere was obtained by GeoMag model [2] and finally secondary production in Earth magnetoshpere was
simulated by CORSIKA package [3]. The SecondaryCR model results review is presented. In particular, spectra of
neutrons for neutron monitor observatories as those in NMDB network [4] are shown.

Keywords: Secondary cosmic rays, GeoMag model, HelMod model, CORSIKA

1 Introduction
The secondary cosmic rays (SCR) created in interactions
of galactic cosmic rays (GCR) with atmosphere were stud-
ied in many experiments in previous decades [5]. There
exist tools for computations of secondary particle flux [6].
Hovewer many observations are avialable, comprehensive
and complex catalog of SCR spectra covering different
times/periods and all positions on Earth is still missing. We
develop a SecondaryCR model [7] which combines exist-
ing HelMod, Geomag96 and CORSIKA models to produce
spectra of secondary CR in the Earth atmosphere. In present
version we evaluate e−, e+, µ+, µ−, gammas, protons and
neutrons spectra. Results of model will be available in the
form of catalog at web secondaryCR.org.

2 Heliosphere and magnetosphere model
To evaluate spectra of SCR we need to follow a way of
cosmic rays from interstellar space where they are constant
in time till selected place in the atmosphere. This includes
a propagation through heliosphere and magnetosphere and
then interactions with atmosphere. Spectrum of protons
at 1AU i.e. modulation of GCR in the heliosphere for
different periods of solar cycle provides HelMod model [1].
Transmission function of cosmic rays propagation through
the magnetosphere we evaluate in GeoMag 96 model [8].
Finaly interaction of proton spectrum with atmopshere is
simulated in Corsika package.

In this article we focus to verification of SCR model
precission by comparison with very precise measurements
of BESS experiment and to production of neutrons spectra,
which are evaluated for selected neutron monitors from
NMDB network for typical condition during solar minima
and maxima.

In previously published approach [7] we used a mea-
sured AMS 01 spectra [9] from june 1998 Space Shuttle
STS-91 flight as CR spectrum at border of the atmosphere.
To evaluate CR spectra above atmosphere at neutron moni-
tors positions INM in different periods, we use HelMod pro-

tons differential spectra I1AU at 1AU (border of magneto-
sphere) multiplied by transmission function TFNM of the
magnetopshere

INM(Ei) = I1AU (Ei).T FNM(Ei) (1)

where Ei are 31 logarithmically distributed energies from
70 MeV to 199.06 GeV identical to centers of AMS-01
energy channels.

The transmission function [10] provides a probability for
particle from interplanetary space at 1AU to reach selected
point inside the magnetosphere as a function of energy and
time. We evaluate a transmission functions for positions
of Athens (37.58◦ N , 23.47◦ E), Lomnicky Stit (49.20◦
N, 20.22◦ E), Newark (39.68◦ N, 75.75◦ W) and Oulu
(65.05◦ N, 25.47◦ E) neutron monitor stations from NMDB
network. For every station we backtrace more than one
million protons trajectories i.e. 576 directions every one
with 20000 energies with 0.01GV rigidity step, starting
from rigidity 0.01GV. The examples of multidirectional
transmission functions for a year of solar maximum and
period close to solar minimum, namely for years 2001 and
2005 are presented at figure 1. The trasmission functions
are evaluated for energies from AMS-01 energy bins to
allow multiplications with differential intensities provided
by HelMod model.

The evaluated INM proton spectra are presented at figure
2. INM spectra end at 200 GeV. For higher energies over
200 GeV where we do not have effect from heliospheric or
magnetospheric modulation, we use LIS [11].

Overall we evaluate protons spectra INM(Ei) for 62
energies from 85 MeV till 98.8 TeV over atmosphere for
the selected NM stations positions.

3 CORSIKA
To simulate secondary cosmic ray production in the at-
mosphere we use Corsika package version 7.37 with
QGSJETII model for hadronic interactions at high energies
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Figure 1: Transmission function for NMDB stations eval-
uated for 21. June 2001 (upper panel) and 21. June 2005
(bottom panel).

and URQMD model for lower energies. Geomagnetic field
at positions of NM stations was evaluated in IGRF model
[12].

The primary protons were injected uniformly to maxi-
mum allowed Corsika acceptance cone with the zenith an-
gles interval θ = (0◦, 70◦) and the full azimuthal angles.
The numbers of injected protons were scaled to assure rele-
vant statistics at all altitudes in the atmosphere. For lowest
energy bin 121 thousands particles were injected. With the
increasing energy the numbers of injected primary protons
decrease linearly till energy 200 GeV with 1000 of injected
protons. For the higher energies statistics 1000 particles
were used.

To verify the precission of the used approach we com-
pare muon spectrum produced by SCR model with muon
spectrum measured by BESS detector [13]. BESS spectrum
was measured at the top of Mt. Norikura (altitude 2770
m) in september 1999. For the same time and position we
evaluate spectrum in SecondaryCR model. The obtained
spectra are very similar, however production of secondary
particle by helium component of primary cosmic ray was
not considered. Following the results from [7] we expect a
few percent additional muons from helium primaries. The
production of secondary particles by other primary particles
we assume to be negligible. Comparison of BESS spectrum
with the result of SCR model is presented in the figure 3.
The both spectra has very similar shape and comparable in-
tensities. Helium component will be added in future article.

Simulations for NM stations positions provide neutrons
spectra for years 2001 and 2005 presented at figure 4. Neu-
trons intensity created by GCR at Athens station increase by
7% in period from 2001 till 2005. For Lomnicky stit station
intensity increases by 13%, for Newark station by 11% and
for Oulu by 11%. The spectra are estimated for the posi-
tions of NMs. For the comparison with real count rates one
has to assume the yield/response functions [14],[15],[16]
and references therein.

Table 1 shows the integral intensities of e−, e+, µ+, µ−

at NM positions created by primary protons.

Figure 2: Protons spectra for NMDB stations at the top of
atmosphere evaluated for 21. June 2001 (upper panel) and
21. June 2005 (bottom panel).

NM / year e− e+ µ+ µ−

Athens 260m asl / 2001 4.4 3.0 15.4 13.1
Athens 260m asl /2005 4.5 3.0 15.8 13.4
LS 2634m asl /2001 16.8 10.8 24.4 20.9
LS 2634m asl /2005 17.5 11.2 25.3 21.6
Newark 50m asl / 2001 4.2 2.8 15.3 13.0
Newark 50m asl / 2005 4.3 2.9 15.7 13.3
Oulu 15m asl / 2001 3.8 2.6 13.7 11.7
Oulu 15m asl / 2005 4.3 2.9 15.8 13.4

Table 1: Intensities of secondary electrons and muons in
June of 2001 and June of 2005 at NMDB stations Athens,
Lomnicky stit (LS), Newark and Oulu positions in particles
per m2 s sr.

At figure 5 we present altitude dependencies of SCR
components intensities for Lomnicky stit position for µ−

and electrons created by primary protons. The situation for
both evaluated periods is shown. The selection of 2001 and
2005 years allows us to etimate an intensity variation of
muon and electron component intensity during the solar
cycle. The variation of muon and electron components
intensity during solar period is less than 10%.

4 secondaryCR.org
The catalog of secondary cosmic rays spectra will be
published at web secondaryCR.org in the next months. In
actually planned version the user can choose among two
outputs. The first one is the intensity of secondary cosmic
rays for given position, altitude and particle. For this output
user should choose one of the particles e−, e+, µ+, µ−,
gammas, protons or neutrons. The position is defined by
geographical latitude and longitude given in degrees. The
latitude ranges from 0 to 90 degrees and is positive for north
and negative for south hemisphere. The longitude range is
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Figure 3: µ− differential spectra at Mt. Norikura. Red line
with diamonds represent a result from SCR model, black
line with circles represent BESS measurements.

from 0 to 360 degrees. Altitude is given in g/cm2 and starts
at 20 (top of the athmosphere) up to 1020 g/cm2 (Earth
surface). The second output is altitudinal dependence of
intensity for given position and particle. In this case the user
should choose particle and position of interest in similar
way as in the first option. Later catalog will provide spectra
of e−, e+, µ+, µ−, gammas, protons or neutrons for 22 and
23 solar cycle periods.

5 Conclusions
We combine model of secondary cosmic rays production
in the Earth’s atmosphere from existing models evaluating
particles transport in heliosphere and magnetosphere and
Corsika model for interaction of primary cosmic rays
with the atmosphere. The comparison of muon spectrum
evaluated by SCR model with BESS measurement in 1999
year is presented. Neutrons spectra for solar minimum and
maximum condition for four neutron monitors of NMDB
network were evaluated. SCR model results in the form of
catalog will be published at secondaryCR.org.
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Figure 4: Neutrons spectra at positions of NMDB stations
in Athens, Lomnicky stit (LS), Newark and Oulu for the
years 2001 (circles) and 2005 (red triangles).

Figure 5: The dependence of secondary particles intensity
in (m2 s sr)−1 produced by primary protons at atmospheric
depth evaluated for Lomnicky stit station position for 21.
June 2001 and 2005. Electron spectra are represented by
green line for year 2001 and blue line for year 2005. µ−

spectra are represented by red line for year 2001 and black
line for year 2005.
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