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The Latin American Giant Observatory (LAGO), operates an extensive network of Water
Cherenkov Detectors (WCD) by a non-centralized and collaborative network of Universities and
Research Institutes in Iberoamerica. To estimate the charge distribution produced by secondaries
particles interacting with WCDs, LAGO developed a simulation framework (ARTI). ARTI com-
prises a chain of simulations that starts with the well known primary flux of galactic cosmic rays
that reach Earth and finish estimating the expected WCDs signals at any site on ground.
Based on the first stage of ARTI, that uses COSIKA to simulate the expected flux of secondaries
that reach LAGO sites, we re-analyze this flux searching for simultaneous particles reaching the
detectors. We perform a spatial analysis of CORSIKA’s simulated air showers in the field of view
of four typical WCD in extreme sites of the LAGO network and in time windows of the electronic
acquisition system.
We have found that simultaneous particles reaching the WCD modify the deposited energy dis-
tribution into the detector even for low energy range and low altitude sites, compared with the
previous single-particle approach. This result impacts the WCD’s calibration and could play an
important role in discriminating primaries and defining observables for GRBs detection at high
altitude LAGO sites.
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1. Introduction

The LAGO Collaboration is a non-centralized and distributed network of more than 100
scientists from 10 institutions, 9 in Latin America: Argentina, Bolivia, Brazil, Chile, Colombia,
Ecuador, Guatemala,Mexico, Peru, and Spain. LAGO is oriented to basic research on three branches
of Astroparticle physics: the Extreme Universe, Space Weather phenomena, and Atmospheric
Radiation at ground level.

LAGO operates a detection network of water Cherenkov detectors (WCD) spanning over
different sites that are located at significantly different latitudes and different altitudes (from level
from the sea to more than 5000 meters above sea level). The network goes from Mexico (Sierra
Negra) to Antarctica, in this way we cover a wide range of geomagnetic rigidity cut off values and
atmospheric absorption levels [1, 2].

In order to carry out the proposed scientific studies, LAGO has built and implemented a
framework of computational models called ARTI. These models make uses of different programs
starting with the propagation of the primary cosmic ray through the interstellar medium near the
Earth, and ends in the response of the WCD to the secondary particles that propagates in the
atmpsphere. ARTI is unique, since allows to estimate the flux of secondary cosmic rays at ground
level anywhere on Earth using the local coordinates and the rigidity cut off at the site [2, 3].

All LAGO studies exploit the single particle technique (SPT) by looking for significant excesses
in the background signal count at different sites on different time scales. For example, minutes
and milliseconds for searching GRBs, hours for searching Forbush decreases. Because of this, a
profound understanding of the interaction of secondary cosmic ray particles with the WCD result
of the utmost importance.

In this article we detail some ARTI characteristics and then propose a correction due to the
entry of simultaneous particles (multiparticles) in the LAGO detectors, which has not been taken
into account yet in this framework.

2. Extensive Air Showers Modeling

The flux of secondary particles has been estimated following the method implemented by
LAGO for its space weather program [2–4]. This method estimates the galactic cosmic ray flux (Φ)
at an altitude of 112 km a.s.l., in accordance with the Linsley atmospheric model [5], i.e.

Φ(8) (�%, /, �,Ω) ' 90(/, �)
(
�?

�0

)U(/,�)
. (1)

Here, the index 8 indicates the kind of geomagnetic field correction applied, i.e. the definition
of the rigidity cutoff, meanwhile the spectral index is consided as a constant with respect to the
energy from 1011 eV to 1015 eV [6], the energy reference �0 = 1012 eV, and each type of GCR
considered is individualized by its mass number (A) and atomic number (Z). The values for U
and the normalization parameter 90 are taken from the compilation in [7]. In this work, we have
calculated Φ(8) using the standard definition of the rigidity cutoff (Φ(0) , Φ hereafter), during one
hour of flux, and primaries in the range 1 ≤ Z ≤ 26, for \ from 0◦ to 90◦. More details see [4].
The development of the EAS have been computing using CORSIKA [8], version 75600, compiled
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using the following options: QGSJET-II-04 (Ostapchenko, 2011); GHEISHA-2002; EGS4; curved
and external atmosphere, and volumetric detector). These two computing, Φ and EAS-CORSIKA,
have been runned throught the LAGO’s ARTI tool.

Figure 1: Density of particles as a function of their distance from the core of the shower for the simulation
of 1 hour of primary particles arriving at 1 <2 at the top of the atmosphere within the energy interval:
1011<E/eV<1015.

3. Multiparticles indentification into the secondary flux at detector level

According with the results presented in Fig. 1, and assuming an ideal detector with efficiency
equal one, we expect a ratio ∼ 1000Hz for secondary particles at detector level. On the other hand,
if a particle crossing a LAGO’s detector produces a signal that overcome a setting threshold, the
electronic stores this signal during 300 ns. Therefore, if two or more particles hits the ground in a
time window of 300 ns we refer to them as multiparticles. In this sense, and as approximation, we
are assuming that not more than one primary reaches the atmosphere at the same time, so in this
work all the multiparticles are coming from the same primary.

To cuantify the number of multiparticles presents in one hour of simulated flux, we designed an
algorithm to identify multiparticles at detector level for each shower. To perform this calculation,
the ground has been segmented in squares of 4m side, as an approximation of the real effective
area of a WCD from the LAGO network [1, 3], and then we search for multiparticles on each of this
surfaces.

We have applied this algorithm for two LAGO sites: Chacaltaya, Bolivia (5200m a.s.l.), and
Lima, Perú, (950m a.s.l.) to identify only electromagnetic multiparticles (i.e. e± and W, EM-
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multiparticles, hereafter). The results are presented in Fig. 2, where the spectra for the electromag-
netic component it is showed in black for both sites, and the spectra of the identified multiparticles
in red (Chacaltaya), Fig.2 left, and green (Lima), Fig.2 right. The atmospheric absorption effect on
the EAS development is apreaciated as a reduction of the total flux to energies that extents up to
∼ 10GeV and the cutoff above this same energy at Lima. This effects are accorging our previous
results [3].

Figure 2: Electromagnetic component of secondary cosmic ray spectrum calculated by ARTI for the
Chacaltaya and Lima sites. It is also showed the spectra of multiparticles that reach the detection area.

Fig. 3 shows the discrimination of electromagnetic, muonic and hadronic part of the EAS,
simulated using ARTI, as they reach the gorund level at both sites, Chacaltaya and Lima. In
order to show how the atmospheric absrotion affect each component, it can be seen that the
electromagnetic and hadrons are strogly affected, and regarding muons, the harder portion of the
spectrum reachs the ground at Lima, as expected. This comparison was performed to evaluate if
the calculated multiparticle spectra influence the muon spectra in our calculations. As a result we
see no ovelapping among the mentioned component of the EAS.

Regarding EM-multiparticles, at Chacaltaya it is possible to see a plateau for energies below
10−2 GeVwhere the number of these particles is ∼ 0.01% of the single particles. Above this energy
and until ∼ 2 × 10−1 GeV the EM-multiparticles increase as a power law respect to energy (log-log
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Figure 3: Electromagnetic, muonic and hadronic components of the secondary cosmic ray spectrum calcu-
lated by ARTI for the Chacaltaya (left) and Lima (rigth) sites.

scale) to start decreasing after this last energy, where the number of single particles have dropped
around two orders of magnitud. At Lima, the number of EM-multiparticles grow up to 10−3 GeV
from where this number starts a kind of plateau with a flux around 10% respect the single particles,
until 10−1 GeV. After here, this number decreases following a power law until ∼ 2GeV from where
it starts a new plateau to 101 GeV, and then to start dropping again.

The number of particles in the electromagnetic shower is 32333279 (1064870) for Chacaltaya
(Lima), and the number of multiparticules results in 27040 (70250). This hows that around 0.08%
(6.59%) of this multiparticles are not taken in to account in the simulation, meaning a substancial
loss when the simulations are performed to account for the real amount of EAS particles that are
measured in a WCD.

In Fig. 4 the spectra of primaries producing EM-particles is presented in comparison with total
flux Φ. The number of primaries producing EM-multiparticles, at Chacaltaya site, increase with
the energy from ∼ 10GeV to get a plateau at ∼ 102 GeV to 103 GeV, from where the variation
is dominated by the low statistic; whereas at Lima site, the same number starts to increase from
∼ 3GeV to get a short plateau from ∼ 20GeV to ∼ 150GeV, from here and forth this quantity starts
to decrease.

4. Discusion and Conclusions

In this work, we have estimated the number of electromagnetic multiparticles at two sites that
are part of the LAGO detection network with two differents altitudes (atmosphere depth), 5200m
a.s.l. (∼ 500 gr/cm2( for Chacaltaya, Bolivia and 950m a.s.l. (∼ 1000 gr/cm2) for Lima, Perú.

At Chacaltaya, the number of EM-multiparticles corresponds to close the 0.1% of the total
flux up to ∼ 10−2 GeV, energy at which the number of protons and other secundaries hadrons starts
to influence the espectrum.

In the case of Lima, the multiparticles flux can extend the spectrum up to two orders of
magnitude ∼ 103 GeV, Fig. 2. This feature could be understood as the decay of the EAS’s hadronic
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Figure 4: Energy spectrum per nucleon of primary cosmic rays that reach the top of the atmosphere,
calculated in the ARTI framework and same spectrum for the primaries that generate multiparticles on
detection surface.

or muonic components, i.e. the hadrons and muons have enough time to decay and produce more
particles, as it can see in Fig. 3.

Since the LAGO calibration uses the vertical muon equivalent (VEM) technique, that in LAGO
detectors has a peak at 200 MeV, we have noted that the extended multiparticle spectrum coincides
with the expected muon spectrum, Fig. 3. So, an influence on the calibration is expected.

Finally, we also note that the multiparticles spectra can give us information about the primary
spectra, in the 10 GeV - 1 TeV range, as can be seen in Fig. 4.

The algorithm for search multiparicles can be implemented in a future version of LAGO’s
ARTI simulation framework. A more profound study must be done in order to fully understad the
relation between primaries and multiparticles in different altitude conditions.
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