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Image : Picture of G2, an UNGG reactor in CEA Marcoule that was 
reconstruted in 3D with muon tomography by the CEA/Irfu team.



2023/10/05Baptiste Lefevre - Muography new analysis - Celebrating Ioannis 2

Summary

Log10 Muography of Khufu’s pyramid. Integrated number of muons
for each line of the muography.

Picture facing Khufu’s pyramid taken 
during the ScanPyramids campaign.
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Summary
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Demultiplexing with 
Convolutional 
neural networks1
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Detector multiplexing

Real event

Event 
measured
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Approach
For each detector type :
■ Simulate muons in the Micromegas
■ Simulate the effect of multiplexing
■ Train a neural network to « demultiplex » the simulation
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Approach
For each detector type :
■ Simulate muons in the Micromegas
■ Simulate the effect of multiplexing
■ Train a neural network to « demultiplex » the simulation
■ Use the same neural network on real data

Micromegas 
detector

simulation
Mulitplexing
simulation

Particle 
direction

Signal 
per strip

Signal per 
channel

Neural 
network

Compute 
muography

Real data

Object studied

Real data 
acquisition

Signal 
per strip
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Approach
For each detector type :
■ Simulate muons in the Micromegas
■ Simulate the effect of multiplexing
■ Train a neural network to « demultiplex » the simulation
■ Use the same neural network on real data
■ Test on real data the likelihood of the demulitplexing

Micromegas 
detector

simulation
Mulitplexing
simulation

Particle 
direction
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Neural 
network

Compute 
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Muography
simulation

Real data

Object studied

Real data 
acquisition

Compare 
muographies

Signal 
per strip



2023/10/05Baptiste Lefevre - Muography new analysis - Celebrating Ioannis 9

Results
Previous demultiplexing method Neural network demultiplexing
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Results
Neural network demultiplexing Variation of absolute relative error

Absolute relative error : decreases on 65% of the image (blue pixels)
      decreases of 19% on the complete image
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Results
Neural network demultiplexing

Integrated number of muons for each line of the muography.

Preliminary
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Other results – Etienne Gozillon’s work

D3DT Time Projection Chamber

Multiplexed data
Demultiplexing 

and identification

Muon track
Electron track

Images from Etienne Gozillon’s internship report

Preliminary
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3D Image
and post-processing

28/10/2022

2
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The G2 and G3 reactors (1958-1984)

Images : francetnp.gouv.fr/Marcoule-le-reacteur-plutonigene

G2 and G3 Inside G2
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Positions at G3

Map of the positions at the G3 reactor

View below the reactor
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3D Reconstruction - Preliminary

G2 G3
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3D Reconstruction - Preliminary

G2 (published) G3 (preliminary)
Positions 27 27 used (46 available) 

Used duration (months) 24 7 used (12 avalaible)
Iterations 10 000 200 Faster computation with 

modifications in the SART 
algorithm

Shorter measurements

Reconstruction computed with 
the same number of positions
( 19 more are available)

G2 G3
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Acquisition 3D 
Reconstruction

Object
studied

Muographies

Opacity 
estimation

Opacities “Blind” 3D image

Post-processing approach

- Regions of interest
- Suspicions of anomalies

- Defaults of the 3D image
- Observed anomalies in the object

Goals and
documentation

Analysis

Degrees of 
freedom decision

Variables
of interest
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Acquisition 3D 
Reconstruction

Object
studied

Muographies

Opacity 
estimation

Opacities “Blind” 3D image

- Regions of interest
- Suspicions of anomalies

- Defaults of the 3D image
- Observed anomalies in the object

Goals and
documentation

Analysis

Degrees of 
freedom decision

Variables
of interest

3D Modeling Model 
modifications

3D model Dataset of models

Simulations 3D 
Reconstruction

Neural 
network

Simulated opacities

Post-processing approach



2023/10/05Baptiste Lefevre - Muography new analysis - Celebrating Ioannis 21

Acquisition 3D 
Reconstruction

Object
studied

Muographies

Opacity 
estimation

Opacities “Blind” 3D image

Neural 
network

Variables
of interest

Postprocessed
3D image

Model &

Post-processing approach

Preliminary

Preliminary

“Blind” 3D image Postprocessed 3D image
on simulations
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Slice in a
XZ plane

Slice in a
XY plane

On simulated data : Images from Julien Vogel’s internship report
Preliminary post-process results

Z Z Z

Blind 3D images True modelPostprocessed image



2023/10/05Baptiste Lefevre - Muography new analysis - Celebrating Ioannis 2328/10/2022

Conclusion
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● Micromegas detectors
– can be demultiplexed with neural networks
– have enough resolution to compute 3D images

● Muon tomography images can be improved with neural networks
● Many other new methods are currently considered :

– More complex muography denoising
– Faster simulations
– Better caracterisation of the multiplexing

Conclusion



Thanks !

baptiste.lefevre@cea.fr
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