
© Copyright 2019 – This project has received funding from the European Union’s Horizon 2020 project call 
H2020-SwafS-2018-2020 funded project Grant Agreement no. 872859

How to use cosmic rays in the 
study of geosciences and 
archaeology

WEBINAR

May 11, 2021, 15:00 CEST



Big bang perspectives



Particles & Interactions



A (standard) model



(Non-Standard) experiments

CMS @ CERNCMS @ CERN



The actors : a particle ...



… and some humans

15:00 - 15:20: Welcome and introduction - Muography: from basics to a new world of images  - 
Jacques Marteau (Deputy director of IP2I, WP6 responsible)

15:20 - 15:30: Cosmic rays: from heaven to underground - 
Amélie Cohu (PhD in IP2I)  & Matias Tramontini (PhD in UNLP) 

15:30 - 15:40: Interdisciplinarity at work: volcanology & risks assessment with muons - 
Marina Rosas-Carbajal (Researcher in IPGP)

15:40 - 15:50: Because boring is not boring: an application of muography in civil engineering - 
Antoine Chevalier (Member of PULSALYS)

15:50 - 16:00: Muons in the particles zoo - 
Theodore Avgitas (REINFORCE post-doc in IP2I)

16:00 - 16:10: Q&A and wrap-up
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absorption
Muography =                          tomography

scattering

The particles (muons) lose energy  and are scattered 
along their trajectories because of interactions with the 
charges inside the medium (electrons & nuclei).

Data = muons flux
after the target

Detector

Incident 
muons
flux



Medical imaging techniques

2 known examples :

MRI
(Magnetic Resonance Imaging)

CT-scan
(Computed Tomography)

Detector
→ data measurement

Reconstruction
→ inverse problem Images 



Inverse problem

2 known examples :

MRI : 
→ observable = proton density 
→ measurement = magnetic moment relaxation times
→ sensitive for soft tissues details 

CT-scan : 
→ observable = density 
→ measurement = X-ray absorption 
→ sensitive to dense parts (e.g. bones)

Images 
measurement

observable

model

m = A(f)



1. Processing chain : the probe(s) parents



2. Processing chain : the probe(s)



Tracking

detector

3. Processing chain : the target(s)

Observable
Raw data

Reconstructed image



<

Detector scheme

A simple tracking++ device using scintillators, emulsions, micro-megas, RPC’s… 

4. Processing chain : the tracker



Muography = µ-ray imaging technique : absorption / scattering → sensitive to ϱ (opacity)

Geosciences 
Archaelogy Industrial controls 

 Volcanology
 Geology
 Hydrology
 Atmosphere physics
 CR physics
 ...

 Pyramids
 Tumulus
 Anthropic structures
 Ruins
 ...

 Non invasive controls
 Nuclear cycle production
 Civil engineering
 Tunnel boring machines
 Prospection & mining
 ...

Muography use cases overview



Mayon
(Philippines)

Etna
(Italy)

Mont-Terri Underground lab

Soufrière

Tournemire

Urban tunnel

µ-gravimetry coupling

Water tank monitoring

Blast furnace 

Geosciences, Geotechnics, Archaelogy

Tunnel Boring Machine

LSBB

Greek tumulus

Nuclear evaporator



Muons @ Soufrière 
5 + 1 detectors

 around the dome



Imaging & monitoring 

Example of a muons system
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