
  

SSP, Paarl, January 14th -18th 

Journey to the center of...



Muography general features

Different types of interaction 
between muons and matter: 
trajectories with and without 
scattering (green and blue lines), 
stopping trajectories (red line).



Surface measurements

 Atmosphere 
 Volcanology
 Civil engineering
 Non destructive controls
 Pyramids, tumuli, ruins
 ...

Muography use 
cases overview

Underground measurements

 Geosciences
 Hydrology
 Prospection & mining
 Tunnel boring machines
 ...
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Images 

Detector
→ data 

Reconstruction
→ inverse problem Images 

Imaging capabilities



  

Water level monitoring of a water tower tank

Low energy cut ~1.5 GeV:

➧ high statistics
➧ time resolution
➧ E-dependent barometric effects

➧ geomagnetic effects
➧ solar activity effects

Monitoring capabilities – P & T sensitivity



Volcanoes
Mayon

Etna

Snaefellsjökull

3-planes scintillator 
tracker

(author : J.-C.Ianigro).

La Soufrière de Guadeloupe



  

Imaging & monitoring 

The largest muons station in the world (6 detectors running)
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3-D gravi-muon joint inversion

Inversion Forward 
problem

3D density model

average density
+ gravity data 

Smoothing
Damping

Matrix 
scaling



  

Global analysis of muon and seismic monitoring

Abrupt changes of hydrothermal activity in a lava dome detected by combined seismic and muon monitoring : Le Gonidec, J.-Y. et al. Scientific Reports 2019  

Sismo-muon joint monitoring 



Snaefellsjökull 2nd run



Geotechnics 

Blast furnace

Nuclear evaporator

TBM

Silos

Glass furnace



Confidentiel

MUODIM      

Application to Blast Furnaces
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https://arxiv.org/abs/2301.04354


Confidentiel

MUODIM      

Application to Tunnel Boring machines

A
BC



Archaeology
Great pyramids

Palais du 
miroir Apollonia 

Palais du miroir :
● georadar + ERT
● DAS (optical fiber seismology)
● muography 



Overburden Thickness Calculation

<Rate> = 0.3326 ± 0.0005 s^-1

Height (a) = 362.9 ± 0.9 cm

Height (b) = 358.4 ± 0.9 cm

(1)

(2)

Detector Efficiency Calculation
Theoretical Rates:
(1) - 4.120 s^-1
(2) - 3.175 s^-1
Experimental Rates:
(1) – 0.637 ± 0.0021 s^-1
(2) – 0.480 ± 0.0027 s^-1

Efficiency:
(3) - 0.1546 ± 0.0005
(4) - 0.1512 ± 0.0009

<Efficiency>: 0.1524 ± 0.0004

Overburden Characterization Curves
Two Geometries for the overburden.
(a) Rectangular &
(b) Rectangular with Semispherical Cavity

The material is Standard Rock
The step for the curve points is 10 cm 

Experimental rate inside the Cavity
1st Run:  0.3381 ± 0.0007 s^-1
2nd Run: 0.3384 ± 0.0009 s^-1
3rd Run:  0.3209 ± 0.0008 s^-1 

<Height> = 360.7 ± 0.6 cm

Rate = 2.182 ± 0.003 s^-1Divide by 
efficiency



GeoRadar & ERT & Distributed Acoustic Sensing & Seismometry 

Depth 2.8 m



Atmospheric & 
hydrogeological effects

Muon rates

Atm. Pressure

Temperature

How soil water retention affects the measurement
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400m
400m

From Mont-Terri to PAUL



Muography underground : Mont-Terri (Switzerland), Tournemire, LSBB + urban tunnels (France)
(-400m) (-200-250m) (-30-500m) (-10-50m)



Context : the Huguenot tunnel & the PAUL project

Challenge : qualifying the rock overburden



2008-2011 :2008-2011 : N.Lesparre thesis 



2012-2015 :2012-2015 : K.Jourde thesis 
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2012-2015 :2012-2015 : K.Jourde thesis 
Muons
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MUON TOMOGRAPHY ACQUISITIONS :

Gravimetry

Joined analysis



2016-2018 :2016-2018 : karstic system monitoring + SSW observations 

Atmospheric physics                    +            hydro-geological measurements



  

SSW physics

time

Δ 
m

uo
n 

ra
te

Tramontini, M. & Rosas-Carbajal, M. & Nussbaum, C. & Gibert, D. & Marteau, J.. (2019). Middle‐Atmosphere Dynamics Observed With a Portable Muon Detector. 
Earth and Space Science. 6. 10.1029/2019EA000655. 



Muon detector ready @IP2I

Muon detector @ SUN

Muon detector @ SUN



Muography @PAUL

Stay tuned !
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