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ABSTRACT

In the present work, extensive air showers (EAS) effects are described by estimating the
longitudinal development model of EAS at very high energies of various cosmic ray particles.
The longitudinal development was simulated for charged particles such as gamma, charged
pions and charged muons at very high energies 10, 10 and 10%%eV. The simulation was
performed using an air shower simulator system (AIRES) version 19.04.0. The effect of primary
particles, energies, thinning energy and zenith angle (0) on the number of charged particles
(longitudinal development) produced in the EAS was taken into account. The rapprochement of
the estimated longitudinal development of the charged particles such as the charged muons and
charged pions with the experimental measurements (AUGER experiment) that gave a good
agreement for primary proton at the fixed primary energy 10*%¢V for 6 =0°.

KEYWORDS: AIRES system; Longitudinal Development; extensive air showers; thinning
energy.
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INTRODUCTION

Aiir showers are created penetrating high energy
cosmic rays the atmosphere; they intact with
nuclei in the top of the atmosphere and produce
less secondary particles with high energies [1].
In 1930, Pierre Victor Auger, the French
physicist, discovered the EAS by producing
more and more particles in the atmosphere [2].
It is important to implement a detailed air
shower numerical simulations to infer the
primary cosmic ray (PCR) properties which
produce them. Because of the number of
charged particles in the high energy EAS
showers may be massive and may exceed
10%%V, therefore the simulations are a
challenge [3]. It is well-known that the
longitudinal development in EAS depends on
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the type and energy of the primary incident
particle [4], therefore, one of its properties is
the depth of shower maximum (Xmax), that is
utilized for energy spectrum and mass
composition reconstruction of PCRs [5, 6]. (The
number of charged particles (N) in EAS as a
function of the atmospheric depth is closely
related to the elementary particle's type and
energy which can be simulated using AIRES
simulation code [7]. Since the growth shower is
a random process complex and often uses
Monte Carlo simulation to design showers
atmosphere [8]. Among the many roads to
facilitate the problem and to minimize
computation time, the thinning approximation is
the most common entirety of the importance. Its
essential conception is to track only a
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represented collection of particles. However,
they are highly effective in calculations and
provide the right values for observation in
medium, this manner offers synthetic
vicissitudes because the number of particles
trajectory decreases by multiple orders of size.
These synthetic vicissitudes are combined with
naturalistic fluctuations and thus decreases the
accuracy of specifying of physical parameters
[9]. The Pierre auger EAS array studies the very
high energy cosmic radiations, which occurs in
the field of astrophysics, that is, an important
area in physics. Can deduce information on the
longitudinal showers, through Pierre Auger
Observatory and subsequently on mass
composition utilizing both the Surface Detector
(SD) and the Fluorescence Detector (FD)[10]

The size of the longitudinal shower of the
energy sedimentation in the atmosphere is
characterized in specifics [10]. In 2015, Alex
Estupifian studied the achievement of the de-
thinning method order to simulate EAS for
high-energy cosmic rays[11].

The results of the current calculations have
shown the thinning energy effect on the
fluctuations in the longitudinal development
reaching the Earth's surface, such as the pair
production of electron and positron, gamma,
charged pions and charged muons, by
simulating the longitudinal development carried
out using the Monte Carlo AIRES system at
ultrahigh energies 10, 10 and 10%eV.
Comparison of the estimated longitudinal
development model of EAS such as the charged
pions and charged muons with experimental
results (AUGER experiment) that gave a good
agreement at 10"%V with the thinning energy
(ew=107) [12, 13].

THE LONGITUDINAL PROFILE

The profile of the longitudinal cascade is a
shower particle number dependence (N) on a
specific traversed atmospheric depth, X. The
longitudinal cascade parameterization was
proposed using Gaisser-Hillas formula for
cosmic-ray experiences [14]:

Xmax/2

X)) = Nmax( exp(Xmax — X )/, 1)

Xmax>

where X is the atmospheric depth (in g/cm?
unit); Npax is the number of shower maximum
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of charged particles; Xnax is the depth of shower
maximum and A is a characteristic length
parameter (its value is 70 g/cm?) [15]. The first
interaction point is the location of the first
collision of the PCR particle with atmospheric
nuclei. A fourth parameter is often introduced
into Eq. (1), superficially to permit for a
variable initial interaction point [16]:

(Xmax—Xo)/2

X—-X
2 exp(Xmax - X)//L

Xmax - Xo)

)

Where X, is the depth of the first interaction
point. This value depends on the cross-section
of collision and therefore on the mass
composition and energy spectrum of the
primary particle. While the Xnax depends on the
Xo position, the energy of the shower and the
particle composition. But one can illustrate the
shower longitudinal development as a function
of the cascade "shower" age s that defined as
§=3X /X+2Xnmax by using s instead of the depth
X. Translating the depth of shower maximum
Xmax into the shower age s with utilizing the
normalized shower size n=N/Npnax then Eq. (2)
will be given as [15]:

NCK) = N (

(1 —=5)3T,
B (3 - S)(Tm - To

3)

n(s) = (1 >m_oe3Tm(1—s/3—s)

Where Tm=Xmax /4 and To=X, /4

THINNING MODEL

The thinning algorithm implementation was
used by simulating the EAS cascade on the
secondary particles if be satisfied with the
condition [11]:

n E]
j=1
Where E; is the energy of secondary particles;
E, is the primary particle energy and the
thinning level satisfying the relation &= E;/E,.

Through this state, only secondary particle i can
be survived. The survival probability is:

n
P=E/ ) E
=1

Otherwise, if the total amount of secondary
particles n is larger than the threshold thinning

energy, i.e.:
n
Eo Eth < Z E]
j=1

Eo Eth >

(4)

(5)

(6)
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less than the threshold thinning energy. Then
the probability will be given as:

Py = Ei/E, & )
Where, E; is the energy of secondary particles.

RESULTS AND DISCUSSIONS

Simulating the longitudinal development by
using AIRES system

AIRES is an abbreviation for AIR-shower
Extended Simulations, which is defined as
programs and subroutines set that are used to
simulate EAS particle cascades, which initiated
after interaction of primary cosmic radiations
with high atmospheric energies and the
management of all output-associated
information. AIRES gives a complete space-
time particle diffusion in a real medium, where
the features of the atmosphere, the geomagnetic
field, and Earth’s bend are adequately taken
into regard. [7].

The thinning algorithm (statistical sampling
step) is used when the number of particles in
the showers is very big. The thinning
algorithms used in AIRES are localized, i.e.
statistical samples never change the average
values of the output observables. Many
particles are taken into account through
simulations using the AIRES system such as:
“gammas, charged muons, and charged pions
particles”. The primary particle of the incident
in the EAS may be a primary proton or iron
nuclei or other primaries mentioned in the
AIRES guidance document with a very high
primary energy that may exceed 10%'eV [7].
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Figure 1 shows the number of charged particles
as a function of the atmospheric depth from the
shower axis is called longitudinal shower that
reaches the Earth's surface by AIRES
simulation. The effect of primary particles
(protons and iron), energies (10'7, 10'® and
10%eV), zenith angles (6 = 0, 20 and 30
degrees) and the average of thinning energies
(e%=10", 10° and 107) on the number of
charged particles produced in the EAS was
taken into consideration. As shown in figure 1,
the number of charged particles for several
secondary particles decreases with increasing
atmospheric depth from the shower axis.
Finally, the statistical fluctuations of the
longitudinal development of several secondary
particles decrease while reducing the thinning
energy.

Comparison with the experience of Pierre
Auger Observatory

Figure 2 demonstrates the comparison between
the present results of longitudinal development
performed by AIRES simulation (solid lines)
with the experimental measurements (AUGER
experiment)  (symbols)[12].  This  figure
displayed a good agreement between present
results of longitudinal development simulation
by the AIRES system of the secondary particles
(charged muons and charged pions) initiated by
the primary proton at energy 10*° eV with the
experimental measurements (AUGER
experiment) at the thinning energies(ep= 107)
for vertical EAS showers.
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Figure 1. The thinning effect of longitudinal development for primary particles (proton and iron nuclei) at different
zenith angles (6 = 0°, 20° and 30°) and different energies (10*', 10'® and 10'%V).
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Figure 2. Comparison between the present results of longitudinal development simulation by the AIRES system with
the experimental data obtained by Pierre Auger Observatory for primary proton at 10'%V for secondary particles
(charged muons and charged pions) for 6=0°.
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CONCLUSIONS

In the present work, the longitudinal
development model of charged particles using
the AIRES system for two primary particles
(proton and iron nuclei) was simulated in
different ultrahigh energies 10, 10™ and
10"*eV. Simulation longitudinal structure of the
charged particle demonstrates the ability for
distinguishing the primary cosmic ray particle
and its energy. The statistical fluctuations of the
longitudinal development of several secondary
particles decrease with decreasing the thinning
energy. An important feature of the present
work is the creation of a library of longitudinal
structure samples that can be used to analyze
real EAS events that have been detected and
registered in EAS arrays.

The introduced results using AIRES system are
identified with Auger experimental data,
proving that AIRES provides an environment
suitable for studying high-energy cosmic rays.
Therefore, charged particles reaching the
Earth's surface have many effects on weather,
human health and other effects.

ACKNOWLEDEGMENT

Authors would like to thank Mustansiriyah
University (www.uomustansiriyah.edu.iq)
Baghdad-lrag for its support in the present
work.

REFERENCES

[1] J.R.J.N. I Horandel, S. Methods in Physics Research
Section A: Accelerators, Detectors, and A. Equipment,
"The origin of galactic cosmic rays," vol. 588, no. 1-2,
pp. 181-188, 2008.

S. J. P. E. Bhatnagar, "Extensive Air Shower High
Energy Cosmic Rays (11)," p. 249, 2009.

J. J. A. P. Matthews, "A Heitler model of extensive air
showers," vol. 22, no. 5-6, pp. 387-397, 2005.

[2]
(3]

118

[4] A. A. Ahmed, "Characteristics of the Longitudinal
Extensive Air Showers," Al-Mustansiriah Journal of
Scince, vol. 20, no. 1, pp. 62-69, 2009.

A-R. A. Ahmed and A. J. I. J. A. N. S. Jumaah,

"Investigating of longitudinal development parameters

through air shower simulation by different hadronic

models," vol. 2, no. arXiv: 1309.2934, pp. 135-140,

2013.

A. Al-Rubaiee, Y. Al-Douri, A. Ibraheam, U. Hashim,

and T. Lazem, "A study of extensive air shower

characteristics by estimating depth of shower
maximum using heitler toy model," in 2014 2nd

International Conference on Electronic Design

(ICED), 2014, pp. 465-467: IEEE.

[7] S.J. Sciutto: AIRES a system for air shower simulation,

user’s guide and references manual,(Argentina)

http://www.fisica.unlp.edu.ar/auger/aires.  April 24

2019

D. Gorbunov, G. Rubtsov, and S. V. J. P. R. D.

Troitsky, "Air-shower simulations with and without

thinning: Artificial fluctuations and their suppression,”

vol. 76, no. 4, p. 043004, 2007.

A. M. Hillas, "Shower simulation: Lessons from

MOCCA," J. Nucl. Phys. B-Proc. Suppl., vol. 52, no.

3, pp. 29-42, 1997.

J. Abraham et al., "Properties and performance of the

prototype instrument for the Pierre  Auger

Observatory," vol. 523, no. 1-2, pp. 50-95, 2004.

A. Estupifian, H. Asorey, L. A. J. N. Nlfiez, and P. P.

Proceedings, "Implementing the De-thinning Method

for High Energy Cosmic Rays Extensive Air Showers

Simulations,"” vol. 267, pp. 421-423, 2015.

[12] A. Aab, P. Abreu, and M. Aglietta, "Pierre Auger
Collab," J Phys. Rev. D, vol. 91, p. 092008, 2015.

[13] S. J. Sciutto, K. J., and H. D., in Proc. 27th Int.
Cosmic. Ray. Conf., Hamburg, 2001, vol. 5, p. 526,
Germany.

[14] T. K. Gaisser and A. M. Hillas, in Proc. of 15th ICRC
8, Bulgaria: Plovdiv, 1977, p. 353.

[15] T. Abu-Zayyad et al., "A measurement of the average
longitudinal development profile of cosmic ray air
showers between 10'" and 10 eV," J. Astroparticle
Phy., vol. 16, no. 1, pp. 1-11, 2001.

[16] C. L. Pryke, "A comparative study of the depth of
maximum of simulated air shower longitudinal
profiles," J. Astroparticle Phys., vol. 14, no. 4, pp. 319-
328, 2001.

(5]

(6]

(8]

[9]

[10]

[11]

Noncommercial 4.0 International License.

[©No1d

Copyright © 2020 Al-Mustansiriyah Journal of Science. This work is licensed under a Creative Commons Attribution

MNjS


http://creativecommons.org/licenses/by-nc/4.0/

