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Volcanoes in LA and Colombia

LA volcanoes are part of the Pacific Ring of Fire,
most along the Andes ~ 239
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Muography in Latin America
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Development of:

® Simulation tools

® Instrumentation

®* New detection techniques
* Hybrid telescopes

* Data analysis

* Experimental Infrastructure
* Collaborative networking



The Muon Telescope project
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The Muon Telescope
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The Muon Telescope project
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Cerro Machin volcano — El Chichdn volcano

Eruption
March 28, 1982

200 km ash fall
2000 deaths
Displacement of 20000 people

S. De la Cruz—Reyna and A. L. Martin Del Pozzo. Geofisica Internacional. 2009
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Simulation framework

The Muon Telescope

https://halley.uis.edu.co/fuego/en/simulation-framework/

Cosmic Ray modulation

Atmospheric muon flux
(EAS)

MAGCOS

MAGnhetoCOSmics

Traversing muon flux
(python/MUSIC)

CORSIKA

COsmic Ray SImulations for KAscade

Detector response

next talk ... H. Asorey (CNEA)

6" GEANTS
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M. Suarez-Duran. PhD. Thesis. Universidad Industrial de Santander. 2020
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Muon flux — CORSIKA + MAGCOS
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Crossing distance and observation period

Distance (m)

-224 -147 -73 0 73 147 224
o(L)=[p()déL=pxL .
2
Topography + dE EV+b(EE + standard rock 3
— 5, —(E)+b(E) g |lwy
do (2.65 g/cm?) < E W
= (0]
5 o e
4000 N 5 S
: H @ =
& a
3500 .| v N 10 §
5
T 3000, >
T | . _ _ 3o°
.§ 2500 .| 117 122 127 132 137 142 147
= ¢-azimuth
2000 .| x-Distance (m)
-224 -147 -73 0 73 147 224 0
66 . = A - : 372
e . 68 1 P1 Volcano border \ - 338 200
70 4 - 304 =
. 400 -.E.-
72 A 272 £ @
= = Q
s 240 Y 600 £
o = <
2 208 £
X (m) 3000 500 Y (m) 1735 800 X
0 = <
147 1000
L 1200
A. Vesga-Ramirez et al. Annals of Geophysiscs. 2020. s
117 122 127 132 137 142 147 8

¢-azimuth



Detector response - GEANT4

The Muon Telescope

rear panel

SiPM

A. Vasquez-Ramirez et al. Journal of Instrumentation. 2020. 9
photomultiplier tube M. Suarez-Duran. PhD. Thesis. Universidad Industrial de Santander. 2020

top view



Detector response - GEANT4

panel signal attenuation
_ WCD particle spectrum
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The Muon Telescope

Instrumentation — Electronics
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Instrumentation — Mechanichs
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Instrumentation — Programming

C/C++ and python based scripts
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Instrumentation — Calibration
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Hybrid detectors — PID techniques — Background reduction
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Data analysis — Flux

Muogram
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counts

Data analysis — Background characterization

e e WCD data
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The Muon Telescope

[ ] Correlated
:|C—J Uncorrelated

0.4 J. Pefia-Rodriguez. PhD. Thesis. Universidad Industrial de Santander. 2021
0.0 J. Pefia-Rodriguez et al. PoS (ICHEP2020) 984. https://pos.sissa.it/390/984
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Data analysis — Al — Background reduction e e

* PID using GMM
* ToF and momentum thresholding
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Data analysis — Inverse problem

Synthetic model
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Muography — technology transfer

A Transitional Society: Improvised explosive devices detection
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Muography — technology transfer

Precision Agriculture: moisture measurement with CRs
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Hydrogenatoms..
in wetter soil absorb
more.cosmicheutrons

-cosmic-rays-to-measure-moisture-levels-in-soil



https://www.iaea.org/newscenter/news/using-cosmic-rays-to-measure-moisture-levels-in-soil
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Instrumentation
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