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El Escenario

E=10"eV

E=10%eV

© AMS © HEAO3

o f SBESS o

0 © CAPRICE  © CREAM

©JACEE '« TRACER
© HESS

10, potyy T T T T T
H ]
10F  gooooa,, 1
Hex 107 ]
- ]
10 Cx 10*&..‘-_. ]
B OX 10 owmpeq, ]
10° 3
3 Nex 108 1
D oy, ]
z 0, ]
Z 01 Mg x 10 ]
EE' six 1072 3
% sx107 ]
2 - Arx 107 ]
g Cax 107 mmgy, 0 ]
s LT :
Z 10 Fex 107 ]
= e, ]

10 2f ° ATIC
= RUNJOB
o1 L0 100 100, 105 10% 105

Kinetic energy per particle (nucleus) [GeV]

3
3



Cascadas atmosféricas
Eiemplo. E» = 5 x 10 eV. 0 = 0°

M

X

ix —

120 g/cm® 1%

12
2 e (600 + 85log,, ﬁ) g/cm® J

El Escenario
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El Escenario
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Detectores de rayos
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Funcion de
Gaisser-Hillas
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Illustration of an Imaging Air Cherenkov Telecope (IACT). Primary particle (1 TeV)

Top of atmosphere

First interaction with nuclei of ;
atmosphere at about 20 km height
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A VHE y-ray interacts with nuclei of the Earth’s atmo-
phere and generates an Extended Air Showers (EAS).
Charged particles in the EAS emit Cherenkov light if
their velocities exceed the speed of light in air. The
reflector of the Cherenkov telescope collects a certain
amount of the Cherenkov light and reflects it onto the
camera. The camera, composed of several pixels,
finally converts the Cherenkov light into electrical sig-
nals in a way that the information on the geometrical
and temporal structure of the EAS is preserved.
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El Detector Cherenkov de
Agua de LAGO



El detector de LAGO

Autonomous, reliable, simple, cheap
and smart (based on SBC and COTS)
WCD with a single PMT (usually
provided by LAGO in most of the
participating countries)

New own designed electronic based on
SteamLab RedPitaya
H. Arnaldi et al, IEEE2020

SaaS (Sensors as a Service) Concept
H. Asorey et al, PoS(ICRC2015)



https://ieeexplore.ieee.org/document/9046374
https://pos.sissa.it/236/247/

Y



Clima Espacial en
LAGO

LAGO studies Earth-Sun

connection by measuring the
time-evolving secondary signals
from ground level. Atmospheric
and geomagnetic conditions are
continuously monitored

Antarctic dedicated SW sites




Una simulacion de Detector Cherenkov
de Agua
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https://docs.google.com/file/d/1JtXxYSJgN0NzqvpolvwimMbMICow-29u/preview

El detector Cherenkov de Agua




El tubo fotomultiplicador (PMT):

E photon= hv
Vinax = 6:22x10° mis

700 nm
177eV 550 nm Vi _296x10 mis

2.25eV
400 nm
3.1eV
electrons ‘%

Potassium - 2.0 eV needed to eject electron

Photoelectric effect

e Transductor: Foton a una
seinal de corriente.

e Tubo al vacio.

e Material del fotocatodo:
Bialkali.

e Acelera electrones a través
de un efecto casada

e Tipica corriente de salida del
orden de uA

Incoming Photomultiplier Tube

Photony (vindow
Photo-

Focusing
Electrode

\'Ioltage Dropping
Resistors
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La seial del fotomultiplicador

Output of a PMT:
Superposition of
current pulses
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Efecto Cherenkov simplificado

Medio material con indice de refraccién n = cte

Particula cargada con velocidad ¢ > (c/n)



Indice de refraccién agua
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Calcular el camino de un foton en el tanque



Produccion Cherenkov en agua
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dE/dXy, 0 [MeV em™]

dE/dX electrones vs muones en agua
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Calcular el numero de fotones y la energia depositada por un
muon vertical



;/Queé pasa con los fotones?

10°

| | | - |

10” 10° 10° 10'
Photon Energy (MeV)

=+ Incoherent Scattering

Coherent Scattering

Pair Production in Nuclear Field
Pair Production in Electron Field

Particulas sin carga — No hay
Cherenkov

Pero hay dos efectos adicionales:

1) Produccién de pares: un foton puede
producir un par que produzca senal

2) Compton: por scattering compton un
electron puede ser promovido



Adquisicion de datos

. Senales analogicas (pulsos) r
en el PMT
. Amplificacion de la sefal i —— o
. Hasta tres canales |
independientes
. Digitalizacion FADC 10 bits LAGO custom

a 40 MHz (25 ns)




Calcular la corriente



. Datos: o0 Puiso
600 50 50 50
. Tres (Dos) canales de co0 61 49 54
sefales digitalizadas & — 139 49 602
8 400 91 51 454
. Metadatos 3 300 59 50 236
S IS 60 50 151
. Id del Detector 200 [_I 53 50 87
) 100 . 53 50 61
. Telemetria del detector 1 — | 505057
0
51 5157
4 0 50 100 150 200 250 300 350 400
Datos atmosféricos, Hempo (19 50 50 52
PyT o 51 49 51
. v 51 50 50
Datos monitoreo GPS N Wy Wi _ﬂ% 1 50 49 51
| 51 50 52
: et #t 4 30008562
. Una hora por archivo 663486089

[ag temporal y numero de
pulso




50 50 50 ===
o1 29 2 Definiciones
139 49 602 .
91 51 454 50 50 50 Pulso canal |
59 50 236 49 51 51
60 50 151 62 50 106 .
53 50 87 53 50 117 . Pico
53 50 61 515162
50 50 57 50 50 55 )
5151 57 50 50 51 P - .
020 oo 2321 o1 . Area «— Energia depositada
51 49 51 51 50 51
51 50 50 49 49 52
50 49 51 51 50 51 )
5150 52 5149 51 . Area sobre Pico:
50 50 51 5150 52
#1t4 30008562 5049 50
# c 663486982 505150 . . .
52 50 51 . At (independiente de j)

#t4 30008646
# c 663486983



ADC counts

Estructura del archivo de pulsos

name_(no)gps_YYYY_MM DD HHhMM.dat.bz

' z Bascnne
500 L ) Channel 1
400 |+
300
N
200 H = .
(@]
<)
[@)]
=2
o l\J]H\N\ ] H"wl]]\., —
- : L ; ; : ; ;
o ; | a ; ; |




Frecuencia

. Area A de cada pulso — histograma de areas
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Comnpontr ot Povevatage (5}

Enhanced Particle Classification in Water

Cherenkov Detectors Using Machine Learning:

Modeling and Validation with Monte Carlo
Simulation Datasets
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El detector real de LAGO



Impacto de la calidad del agua
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. Que pasa con los muones que no atraviezan el detector?



Decaimiento del Muoén
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Histograma de Diferencias Temporales

* Calculamos el At entre pulsos sucesivos

* Ladistribucion de At es un muestreo de las distribucion
de los procesos en el interior:

* Flujo de secundarios

Nondo) = Tiondo=2.5ms=2.5X10"us

* Decaimento de los muones en el interior del detector

) =T,=2.2us

* Tiempos caracteristicos muy diferentes
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Histograma de Diferencias Temporales

Nahuelito 2012 - 24 hours
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Measurement of the Muon Lifetime and the Michel Spectrum in the LAGO Water
Cherenkov Detectors as a tool to improve energy calibration and to enhance the
signal-to-noise ratio

L. Otiniano, A. Taboada, H. Asorey, I. Sidelnik, C. Castromonte, A. Campos-Fauth
for the LAGO Collaboration
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Measurement of the Muon Lifetime and the Michel Spectrum in the LAGO Water
Cherenkov Detectors as a tool to improve energy calibration and to enhance the
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Measurement of the Muon Lifetime and the Michel Spectrum in the LAGO Water
Cherenkov Detectors as a tool to improve energy calibration and to enhance the
signal-to-noise ratio
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This process is
being used for
correcting

operative datasets
of LAGO WCDs
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Rate (particles / day)

Rate (particles / day)
=
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The charge spectrum of
parent muons is then
estimated by selecting the
first  pulse of both
consecutive pulses with a
time difference between 0.5
and 5 us subtracting from
the  expected  charge
histogram the SP flux.
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Hourly rate relative variation (%)

eMuon Decay as a Robust Long-Term Calibration Method for Water
Cherenkov Detectors
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