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Monte Carlo is detailed in physics but it is 
expensive

 air-shower source (CORSIKA) Detector response

The Forward Problem in Muography simulation

How can we keep the key physics without running a full Monte Carlo every time?

Particle interactions and transport Muogram

Deep learning muon flux Backpropagation Angular Scattering muogram
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From Monte Carlo simulation to fast AI flux generation 
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We use CORSIKA outputs as training data, so the AI model can generate muon fluxes faster. 
● Monte Carlo simulation  gives the reference muon-flux data.

● The training sites cover different altitude and geomagnetic 
conditions.

● The AI model learns site-dependent angular and energy 
spectra.

● The generated flux becomes the input of the forward model.

Visit poster 
FAST MUON SPECTRUM ESTIMATION WITH GENERATIVE DEEP LEARNING 



Deep learning flux generation and web deployment 
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https://muon-generator.vercel.app/

We use CORSIKA outputs as training data, so the AI model can generate muon fluxes faster. 

Now that we have the flux, we can propagate it through the volcano.

Visit poster 
FAST MUON SPECTRUM ESTIMATION WITH GENERATIVE DEEP LEARNING 

Warning: Web runs may take ~3–4 min 
in this pilot phase.



Backpropagation through the volcano

Geometry Filtering Ray Back 
propagation CSDA Energy 

condition
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● Detector angles are traced through the volcano geometry.
● Each direction gives a rock thickness.
● CSDA converts rock thickness into a critical energy.
● Muons survive only if 

We convert detector directions into rock thickness, and then into a muon survival condition. 

Now we know which muons survive. But they do not travel in perfect straight lines. 
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Why do we need a scattering kernel?

7

After the volcano filter, muons survive, but they do not travel in perfect straight lines. 

● Straight-line propagation ignores angular scattering.

● Lynch & Dahl gives a first scattering scale.
● But it does not describe the full migration pattern.

● Geant4 gives detailed exit-angle distributions.

● These distributions are stored in an empirical kernel.

Highland, NIM 129, 497–499 (1975); Lynch & Dahl, NIM B 58, 6–10 (1991). 



Scattering changes the final muogram

Lynch & Dahl 

Our kernel 
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● Run Geant4 for many thickness–energy cases.
● Store the exit-angle distributions.
● Convert them into probability kernels.
● Apply the kernel to surviving muons.
● Obtain the scattered muogram.

We run Geant4 once, and reuse the result many times.

Next step: apply the model  and compare it with real measurements.



9

Muon shadow from the Andes: measurement 
and simulation 

The measured mountain shadow is 
compared with the simulated 
muogram.

Measurement Simulation

Preliminary Preliminary



Final remarks
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○ The model combines AI flux generation, backpropagation, and angular scattering.

○ Geant4 information is reused through an empirical scattering kernel.

○ The first comparison with MuTe data shows the expected mountain shadow.

○ Next step: quantitative comparison including detector response, acceptance, and 

uncertainties.

A fast modular model can keep the main physics of full Monte Carlo, but with lower 
computational cost. 

Deep learning muon flux Backpropagation Angular Dispersion muogram
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Real MuTe data for model comparison
We use the current mountain-facing campaign to compare the 
simulated shadow with measured muon data. 

● Mountain-facing MuTe campaign from the laboratory 
building.

● More than 100 days of accumulated muon data.
● 4-fold coincidence events are used for the measured flux.
● Large rock thickness produces a strong open-sky flux 

suppression.



Scattering changes the final muogram

Highlan Kernel 

15

● Run Geant4 for many thickness–energy cases.
● Store the exit-angle distributions.
● Convert them into probability kernels.
● Apply the kernel to surviving muons.
● Obtain the scattered muogram.

We run Geant4 once, and reuse the result many times.

Next step: apply the model  and compare it with real measurements.



Flux Estimation: ARTI framework Monte Carlo based.
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 Spectrum (CRs). [Navas et al.(2024)] PDG

Primary flux integration from 
observations at 112 km.

CORSIKA simulation for all 
the primaries particles with 
site depend condition

Recording of the secondary 
particles generated

Provides the reference site-dependent muon flux. The generative model learns 
to reproduce it quickly. 
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ARTI-Model in energy bands



From Full MC to fast kernel of MCS: Muogram impact

Highlan Kernel 
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 Spectrum (CRs). [Navas et al.(2024)] PDG

Primary flux integration from 
observations at 112 km.

CORSIKA simulation for all 
the primaries particles with 
site depend condition

Recording of the secondary 
particles generated

Vestibulum congue tempus

Lorem ipsum dolor sit amet, consectetur 
adipiscing elit, sed do eiusmod tempor. 
Donec facilisis lacus eget mauris.

Forward problem - Generative flux generation - Back Propagation - MCS kernel - Results
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Geant4 Simulation
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Exit-angle distribution
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