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Agenda of Colombian Muography
• Muography in a nutshell
• Preliminary ideas and prototypes
• Possible muography site for vulcanology
• Observa9on site at Cerro Machín
• The hybrid Muon Telescope: MuTe
• The MuTe digital twin
• MuTe electronics
• Par9cle discrimina9on
• First Muogram
• Simulated Annealing op9mizing density distribu9on
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Preliminary ideas of Colombian Muography
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• Guerrero, I. D., et al (2019). Design and construction of a muon detector prototype for study the galeras 
volcano internal structure. In Journal of Physics: Conference Series (Vol. 1247, No. 1, p. 012020). 



Preliminary hodoscope prototype
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Useche-Parra, J. et al (2019). Estimation of cosmic-muon flux 
attenuation by Monserrate Hill in Bogota. JINST, 14(02), P02015.

ρ = 2.65gcm−3/ρ = 2.11gcm−31000 muons

~1 year

~1 month

1 pix 25cm x 25cm 



13 volcanoes analyzed 
Only Cerro Machín complies

• At the observaLonal level, is the volcano base width less than 1,500 m?
• Are there tentaLve observaLon points where the surrounding topography does 

not affect the target?
• Are the sites accessible and secure?
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Cerro Machin Volcano

Chichonal or Chichón (Mx) The most 
deadly 

eruption of the century 
(1982) 

Cerro Machín is one of the most dangerous active volcanoes in Colombia



Particle/Muon flux at Cerro Machín
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Ray tracing in muon trajectories
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Observa;on points at Cerro Machín

Simulated flux at observation points
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MuTe: The Muon Telescope 

900 pixels 4cm x 4cm

30x30 bars:
120cm x 4cm x 2cm
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Wind stress response

Temperature response
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~3382 Cherenkov photons generated by 105 e- 20Mev

~70 Cherenkov photons impac<ng PMT

~6 photo-electrons detected @PMT

Simula:ons chain for the
efficiency of WCD
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MuTe electronics
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MAROC3 FPGA
Cyclone III SCB

SiPM0

SiPM59

GPS T°- P

HV Power

DC/DC 12V

OR-P1
5V

OR-P2
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I II

III IV

V

MuTe par:cle discrimina:on

~240 MeV. 

~480 MeV 



MuTe first muography



Op#miza#on of density distribu#on
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Simulated Annealing Algorithm

IniLal “observaLonal”
model

final opLmized
model Ve
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Colombian Muography
• Several Col research groups started with muography ideas & prototypes
• Possible volcano muography site: Cerro Machín & observation points
• Designg & built hybrid Muon Telescope: Hodoscope + WCD
• Detailed Telescope digital twin (Thermal, vibrations + Geant4 Det Models)
• Realible 64 channels electronics calibrated from the digital twin
• Hodoscope for trajectories and WCD as a calorimeters
• Particle discrimination based on energy deposited WCD + Machine Learning
• Discrimination of correlated from uncorrelated events
• Backward noise reduction based on precise ToF electronics
• Density optimization implementing Simulated Annealing algorithm.
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Thanks !


