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SUPER NOVA

MILKY WAY

Un viaje que puede durar entre millones y
miles de anos.




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

El Escenario
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El Observatorio Pierre Auger
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Los |
Morados

~ (50x60) km = 3000 km? instrumented area
1660 Water Cherenkov detectors (16600 m? detection area)
27 Fluorescence telescopes surounding the array
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LAGO: Observatorio
Gigante Latinoamericano
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LAGO is a giant non
centralized
collaborative
network of
astroparticle
detectors at global
scale, currently
operating in 11
countries
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Countries where LAGO is
operating '

—Jl Active

Development

Hardware, expertise and

' data _:are shared across’
the network of
participating institutions

HE Gamma Sources and Space
Weather and Climate phenomena

AP & HE physics seeder at LA




1 = Marambio (200 m)

2 = Machu Picchu (10 m)

3 = Bariloche (850 m)

4 = Buenos Aires (10 m)

5 = VinaDelMar (347 ng

6 = La Serena (28 m)

7 = Tucuman (430 m)

8 = Asuncion-Paraguay (136

9 = San Antonio de los Cobres (4
10 = Sao Paulo-UFABC (760 m)
11 = Atacama (5105 m)

12 = Campinas (640 m)

13 = La Paz (3630 m)

14 = Cota cota(bo) (3917 m)
15 = Chacaltaya (5240 m)

16 = Imata (4600 m)

17 = Lima (150 m)

18 = Campina Grande (550 m)
19 = Riobamba-EPOSCH (2750 m)
20 = Quito-EPN (2850 m)

21 = Quito-USFQ (2200 m)

22 = Bucaramanga (956 m)

23 = Pamplona (2342 m)

24 = Guatemala (1490 m)

25 = Chiapas (522 m)

26 = Sierra Negra (4550 m)

Stable
Deploying
Planned

LAGO is an extended astroparticle observatory
at continental scale: from México to Antarctica

e Scientific goals
o Astroparticle physics to study the
extreme universe
o Transient and long term space
weather phenomena trough Solar
modulation of Cosmic Rays
o Measurement of background
radiation at ground level
e Academic goals
o Train Latin American students in High
Energy and Astroparticle physics
o Build a Latin American network of
Astroparticle and Cosmic Rays
researchers




LAGO Virtual a T %%
Own designed hierarchical data analysis & 2 CLARA

and virtualized docker-based tools

Measured: 2 TB/year-detector. 4 quality levels: L1: raw
data, L2: preliminary, L3: Data Quality, L4: High Quality

Simulated: Up to 1 PB (estimated), EOSC-Synergy
thematic service lead by CIEMAT: SO: raw data, S1:
simulated and modulated particles at ground, S2:
simulated signals at detector level.

¥y

Data is transferred to the central Lo
repository and is mirrored to several i

sites (+ each site has its own local W Acive
data) ] Development

H. Asorey, Red Clara symposium, 2021
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El Detector Cherenkov de
Agua 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



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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http://drive.google.com/file/d/1JtXxYSJgN0NzqvpolvwimMbMICow-29u/view

El detector Cherenkov de Agua




E photon= hv
Vinax = 6:22x10° mifs

700 nm
1778V ssonm . -296x10 mis

2.25eV
400 nm
3.1eV
electrons ‘%

Potassium - 2.0 eV needed to eject electron

Photoelectric effect
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Figure 1
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Transductor: Fotén a una
seinal de corriente.

Tubo al vacio.

Material del fotocatodo:
Bialkali.

Acelera electrones a través
de un efecto casada

Tipica corriente de salida del
orden de uA



La seiial del fotomultiplicador

Output of a PMT:
Superposition of
current pulses
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Hamamatsu R5912
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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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Produccion Cherenkov en agua
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dE/dXy,0 [MeV em™]

dE/dX electrones vs muones en agua
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;/Queé pasa con los fotones?

10°—

Particulas sin carga — No hay
Cherenkov

Pero hay dos efectos adicionales:

1) Produccion de pares: un foton puede
producir un par que produzca sefal

(cmz/g)

2) Compton: por scattering compton un
electron puede ser promovido
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Pair Production in Nuclear Field
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. Hasta tres canales

Adquisicion de datos

. Senales analogicas (pulsos) r
en el PMT

. Amplificacion de la senal B VR —— o

independientes

. Digitalizacion FADC 10 bits
a 40 MHz (25 ns)




. Datos:

. Tres (Dos) canales de
senales digitalizadas

. Metadatos
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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 = .
(@]
o)
[@)]
=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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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

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

* Decaimento de los muones en el interior del detector

N =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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Dos detectores WCD de la red LAGO: uno en Bariloche, Argentina (Nahuelito, izquierda
-2012) y el otro en Arequipa, Peru (Characatito, centro -2022). La luz Cherenkov producida en
agua purificada por las particulas secundarias de las lluvias atmosféricas extensas (EAS) que
ingresan al detector se mide mediante un tubo fotomultiplicador (PMT) de 9 pulgadas
centrado en la parte superior del detector (derecha).



¢ Porqué estudiar un detector del 20127
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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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Se estima el espectro de carga

Rate (particles / day)

At=10.5, 5] (us) de los muones progenitores
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una separacion temporal de

entre 0,5y 5 ps, y restando el
flujo de SP esperado del

histograma de carga.
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Rate (particles / 17 hrs)

Decaying muon charge spectra as a robust long-term
calibration tool for water cherenkov detectors
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Quispe, D., Sarmiento, C., Otiniano, L., Asorey, H., Castromonte,
C., Yanyachi, R, ... & LAGO Collaboration. (2026). Nuclear
Instruments and Methods in Physics Research Section A:
Accelerators, Spectrometers, Detectors and Associated
Equipment, 171415.


https://www.sciencedirect.com/science/article/pii/S0168900226001415
https://www.sciencedirect.com/science/article/pii/S0168900226001415

El Escenario
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Selin, A. N., Sidelnik, I., Cano, C.
S., Asorey, H., & Nuiez, L. (2026).
Two stage gamma—neutron source
classification in water Cherenkov
detectors: Energy threshold
screening and machine learning
pulse analysis. Nuclear
Instruments and Methods in
Physics Research Section A:
Accelerators, Spectrometers,
Detectors and Associated
Equipment, 1088, 171517.



Hourly rate relative variation (%)

Decaying muon charge spectra as a robust long-term
calibration tool for water cherenkov detectors
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https://www.sciencedirect.com/science/article/pii/S0168900226001415
https://www.sciencedirect.com/science/article/pii/S0168900226001415

Hemos desarrollado una metodologia novedosa para la calibracion a largo
plazo de los detectores Cherenkov de agua de LAGO, basada en la
determinacion precisa de los espectros de desintegracion de muones.

Este enfoque se esta replicando actualmente en multiples emplazamientos
de LAGO, incluyendo aquellos situados a gran altitud.

Ademas, puede integrarse en el sistema de adquisicion de datos (DAQ)
mediante la monitorizacion continua de los eventos candidatos a
desintegracion de muones, lo que permite una calibracion robusta vy
autonoma durante periodos de tiempo prolongados.

Localmente se debe reproducir este analisis identificando los espectro de de
decaimiento del muon y los electrones asociados.
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