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study of the phenomenology of Cosmic Rays (CR) in differemgrgy ranges. Data is retrieved
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combination of Magnetocosmics, CORSIKA and GEANT4 codas.this work, the detector
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1. Background

The Latin American Giant Observatory—LAGO—project is aamtcorganization created on
2005 [1]. There are 10 Latin American countries participgtin this project, with more than 80
scientists and students of different disciplines [1]. Afeotives, among others, this project studies
high energy component of GRBs, transitory events, long &vants, space weather and climate.
These objectives are accomplished through the detectitimedfigh energy component in GRBs
for places located above 4000 meters over the sea levelighrhe study of solar modulation, the
surveillance of the cosmic ray flow as well as other analysgademically, the project focuses on
the study of astroparticle physics for undergraduate stisdacluding analysis and data statistics,
detector’s physics among other specific topics.

14 = Quito-PO (2800 m)

15 = Pasto (2530 m)

16 = Bucaramanga (956 m)
17 = Merida-ULA (1893 m)

18 = Caracas-USB (1200 m)
19 = Caracas-UCV (900 m)

20 = Guatemala-USC (1490 m)
21 = Sierra Negra (4550 m)

Figure 1: Left: LAGO locations, where blue triangles show the places aasetiwith functional sites and
red squares show the places that will work in 2015 [Rjght: Political map of Ecuador. In red is the
Chimborazo province where the “Chimbito” detector is l@ch&nd in blue is the Pichincha Province where
“Panchito” detector and “Politanque” detector are located

Figure 2: Left: “Chimbito” detector located in the province of Chimbora@enter: construction of the
“Panchito” detector located in the province of Pichinchaha valley of CumbayaRight: construction of
the “Politanque” detector located in the province of Pichiain Quito.

The LAGO network is unique considering its location (60 afdh&eridians perpendicular to
the equatorial plane) and its extension through the soutiemisphere of the globe. The advantage
of these characteristics is the possibility to registehwgteat detail transit solar events, such as
Coronal Mass Ejections (CME) simultaneously in severaksitith very different rigidity cut-offs.
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The LAGO project in Ecuador began on 2012 at the Chimboraasifre, Ecuador [3]. The
program started with an initial test on August and Septerabére ESPOCH University Campus
with a detector named “Chimbito” [3]. On February 2014 at tHeFQ University, located in the
Pichincha Province, the construction of a second deteeigauf, its was named “Panchito”. Finally,
a third detector, “Politanque”, was implemented at the ERIWé&sity in Quito.

2. Experimental setup and data

The detector “Politanque” installed at the Escuela Paliga Nacional (EPN), is the proto-
type for the Lago-Ecuador collaboration. Is a small-sizetector installed in the facilities of the
University, accessible to students and teachers frommili@ university as well as other scientists
within the collaboration. Its aim is to serve as a develomatgctor set up. “Politanque” has been
fully operational for a short period of time.

Figure 3: Left: Polyethylene—WCDRIgth up: high-voltage sourceRight down: DAQmx and Nexys2
Board, the electronics used for the experiment are from &®&-BUAP project [4,5].

2.1 WCD “Politanque”

The detector consists of a black polyethylene tank thaf7i8 [in] high with a radius 23[m]
and with a volume of @1m?. A 5” EMI 9530A photomultiplier is used. The high-voltageusoe,
as well as the hardware and software used for data acquisiteofrom the EAS-BUAP project [5].
Data acquisition was performed using a voltage inpu45dV | for the PMT. The output signal is
collected in a digitizer board—-DAQmx (based on Dual ADC AD62L00MS/s, 10bit resolution,
4-channel input), the information is then processed by ayb2Board programed using VHDL,
then it is stored and processed in a PC with Ubuntu 12.04.

2.2 Data acquisition

The USB-Serial Port connection from the preconfigured N2Bmard to the computer allows
us to manipulate, via VHDL programing, the thresholds of shepled data. The acquired data
is in ADC counts in the range of nanoseconds. Each pulse haarifles of 10 nanosecond time
length.



LAGO Ecuador: first results and further developments Stephany Vargds

2.3 Data analysis

We present the preliminary results of the data analysis@fharge Distribution Histogram
(CDH) for a sample of 350 000 events, this results are predentfigure 4. We determined the
VEM by a Gaussian fit from with we have a value of 4586 [pC]. In figure 5, we have the zoom
of figure 4 from with we get the VEM and its Gaussian fit.
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Figure 4: Charge Distribution Histogram (CDH) for "Politanque" detts.
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Figure 5: VEM (Vertical Equivalent Muon) adjusted by a Gaussian fit. fend a value of 456 [pC] with
a statistical error of 106.

3. Simulation

The data used in the Collaboration include data registaredhierenkov detectors and data
obtained through simulation. In this section we descrilgedimulations done in this context for
the Ecuadorian project [6].
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3.1 Corsika

We simulated the development of proton, photon and hadiitiated Extensive Air Showers
for the different sites in Ecuador. The strategy used fall@ageneral approach adopted by other
LAGO sites for this kind of studies [7]. We considered ther@iy flux at the top of the atmosphere,
taking into account the measured spectra for nuclei with A, < 56. Primary energies (}
were considered from 10 GeV to &GeV with zenith angles betweeri @ 60°. Showers were
simulated using the Extensive Air Showers package CORSIRA50 [8]. QGSJET II-04 model
was used. No thinning was applied, thus all particles aboxeryasmall threshold were followed
until absorbed in the atmosphere or reached the detectlr lev

We obtained the secondary particle flux as a function of tliggbemomentum for the EPN
site (LAT O° 12' S, LONG 78 29’ O and 2817 m.a.s.l.) The geomagnetic field at this looatio
(Bx = 27.09[uT], B,=1105[uT]) was used and geomagnetic effects were taking into addnyun
calculating the rigidity cut-off for the EPN site. We use MNETOCOSMICS, a GEANT4 based
simulation package, to solve the equations of motion foglsiparticles in the geomagnetic field
at this latitude for different arrival directions [9].

Secondary Flux at UIO with Rigidity Cut-off Corrections (Dst=255nT)
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Figure 6: Simulated secondary flux at detector level for “PolitandD at 2817 m.a.s.l. Rigidity Cut-Off
corrections were taken into account.

3.2 Geant4 simulation

For the simulation we have used the Geant4 release 9.6.002\W& have modified the sim-
ulation included in the examples—aoptical, named LXe as #selrode for the simulation, as well
as the B1 example [11].

The world volume is declared as a box filled with “G4_Air", bethe main volume is built
using the polycone function, the resulting volume is showfigure 8. The main volume is filled
with “G4_Water” and covered with a layer of “G4_POLYETHYLHEN The surface between the
polyethylene and the water is declared as an optical syrfere we can modify the properties of
the material, for instance, we declared an efficiency betv@86 and 95% for the reflectivity of
the “Tyvek”.

The simulation done so far shows the particles created franinteraction of the VEM with
the water, the detector response is still under development
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(@) (b) ©

Figure 9: Development of the VEM in the WCD for an incident: (a) muonBeV], (b) muon of 1[GeV],
(c) 4000[GeV] muon. The shown view is from above the WCD.

4. Conclusion

Data obtained with “politanque” shows the first calibratfon the WCD, a longer period of
acquisition is needed in order to get a better fit for the filstW/

Also we found the relationship between the number of evesgsstered and the thresholds
for the same exposure times. This is expected because oh#raateristic shape of the energy
spectrum for Cosmic Rays. For a higher threshold, it's neglia more energetic event, events of
higher energies have the property that their frequencyrdgheés.

We have succesfully simulated the secondary flux at detémtet for “Politanque” WCD at
2817 m.a.s.l. taking into account the Rigidity Cut-Off si@orsika. We found that the principal
contribution in energy of the particles that get to the deteare muons. The simulations in Geant4
are still under development, but the results so far are (=iopi

The cosmic ray physics community in Ecuador is a growingatatation. There is a long
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term future plan to install a national detector network idesrto take advantage of this unique
location. This work shows the first steps toward the reatimadf this plan.
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