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What is it?

Muon tomography is a technique that uses muons to produce 3D-images of volumes

Obvious, right?

But wait…let’s distinghish between:

1. Muon radiography: measurement of the muons that survive after crossing a 

material. 

2. Muon tomography: measurement of the scattering of the muons in a material. 



(This is not new)

Cheng, YP., Han, R., Li, ZW. et al. NUCL SCI TECH 33, 88 (2022)

E.P. George (1955)

L. Alvarez (1970)

It works nice for big volumes



Cosmic rays
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Cosmic muons

• At sea level, 1 muon/min/cm2

• Energy of 3-4 GeV.

• Angular distribution follows the cos2() law.
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How does it work?

Multiple Coulomb Scattering (MCS):

- The angular distribution is Gaussian just
in the central part.
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: material density



What is the 
usefulness of this?

• Geological studies.

• Nuclear waste imaging.

• Imaging of the core of nuclear reactor (for 
example, after the Fukushima accident)

• Homeland security: scan of cargo 
containers against illegal transport of 
radioactive materials.
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The strategy

• Design a prototype to be used in ports.

• Easy to operate.

• Fast scanning capability.

• Good reconstruction of the tracks.
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For our prototype, we used:

• Resistive Plate Chambers (RPCs)

• Two detectors on top, two on the bottom.

• TimTrack algorithm. 



Resistive Plate Chambers

• Gaseous detectors developed in the 80s.

• Traditionally, they have been used as counter trigger detectors (for example at ATLAS)

• They can cover large detection areas with a relative low cost per channel.

• BUT: nowadays RPCs reach nanosecond resolution and can be used as tracking detectors.
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This is the working principle...but there are more options:

- Pads
- Strips
- More gaps
- Other materials



The muTT detector
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They were designed and produced by LIP-Coimbra
Time resolution: 90 ns
x,y resolution: 1.2 mm



Simulations

• Geometry (detectors, targets)

• Tracking.

• Cosmic rays: CRY library.
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This was done in the EnsarRoot framework.

(Code here)

https://iopscience.iop.org/article/10.1088/1742-6596/1024/1/012038
https://github.com/EnsarRootGroup/EnsarRoot


The tracking

There are several algorithms in the market. We compared two of them:

1. POCA (Point Of Closest Approach): it is easy to implement but it has high uncertainty.

2. TimTrack: it is basically the least squares method but with a fancy name.
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A couple of words about TimTrack

The method needs several ingredients:

1. Experimental data. They are stored in a vector called data (d)

2. A set of parameters. They are in a vector named saeta (s)

3. A model connecting both spaces:  d=m(s)
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And then solve:
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A (simulated) real case

(1L tungsten, 2L lead and 2L iron) 
DIGAFER (Porriño, Pontevedra)



Reconstruction of vertices
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Well, it seems it will
work



The real thing

• We run the experiment with the 3 bricks:

• Start: September, 8th 2017.

• Number of events: 193k.

• Trigger: one and only one hit at the four planes.

• Rate of registered events: 5 Hz.
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After some cuts it is possible to make
a guess about the material.



The prototype
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Summary

• It is possible to use muon tomography for homeland security purposes.

• New models of Resistive Plate Chambers are very efficient in tracking muons.

• Reconstruction algorithms improve the features of the detectors.

• It is possible to produce an image of the object and also investigate the type of 
material.

• This method can be applied in other fields.
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