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Muons

●- Source: collision of cosmic rays with Earth’s atmosphere 

●- Energy: GeV to TeV

●- Mass: 207 

●- Interaction with matter : poor
𝑚𝑒
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Muography
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Our project
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Our project

As a simple example, if the muon detector is near one of the walls there will 
be…. 

…a bigger flux of 
muons reaching the 
detector from this 
direction then from 

the other one,  
through which the 

muon has to trespass a 
lot more matter.
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The detector
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Data acquired
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Filtering of data

• 2 trigger planes
• events that cross the central region built of small square 

channels

• events that define a straight path for the muon

o Criteria:
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Important 
numbers 
(for planes displacement of 14,5 cm and 33,5 cm)

Vertical trajectory muon rate 
(focusing on the central region of the detector) 

Vertical trajectory muon flux 
that reaches Earth’s surface 

per sterradian

70 muons / / s / sr 𝒎𝟐

Solid angle comprehended by 
one channel 

(Ω≈2π(1-cosθ))

Ω ≈ 0,02 sr       Ω ≈ 0,005 sr

Vertical trajectory muon rate expected in one 
channel

0,0014 muons / s       0,00035 muons / s       
Planes displacement:
- 14,5 cm 
- 33,5 cm

Area of one  channel

A ≈ 14,44  × 𝟏𝟎−𝟒  𝒎𝟐

with 70 % reaching the detector
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Detector’s 
efficiency 
March data
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Efficiency of the not trigger plane of the detector
Method 1

Eff1=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑢𝑜𝑛𝑠 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡h𝑒 𝑠𝑎𝑚𝑒 𝑐h𝑎𝑛𝑛𝑒𝑙 𝑜𝑛 𝑝𝑙𝑎𝑛𝑒 1,2 𝑎𝑛𝑑 3
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑢𝑜𝑛𝑠 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑡h𝑒 𝑠𝑎𝑚𝑒 𝑐h𝑎𝑛𝑛𝑒𝑙 𝑜𝑛 𝑝𝑙𝑎𝑛𝑒 1 𝑎𝑛𝑑 3

Efficiency of one detector’s plane
 Method 2

Eff2= 3
𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑚𝑢𝑜𝑛𝑠

𝑡h𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑚𝑢𝑜𝑛𝑠

Detector’s 
efficiency 
March data
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Detector’s 
efficiency 

June

 

o Study of its stability and uniformity

March

 

August
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Results

LIP summer internships 2020: Muography of a building



Results
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Phi=0˚

Phi=90˚

Phi=180˚

Phi=-90˚
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Results

o Reconstruction of the trajectory: zenith and azimuth angles
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Study of the 
changes in the 
muon flux
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Color Phi 

Blue 90˚

Green 180˚

Grey 0˚

Red -90˚

Characteristics of the building 
(from the “detector’s perspective”):
- 6 ceilings
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Distance travelled 
through matter 

For each side of the building, how does the azimuthal angle influences the distance 
travelled inside matter ( walls/ceilings) of the muon? 

Notes: 
Wall width = Ceiling width,    Total ceilings – 6 ,  Theta = 0º -> 6 ceilings , Theta = 90º -> 1 wall
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Relation between 
matter travelled 
and reductions in 
muon flux

Data Collected ->  6 celling = 0,7 Damping Factor  
D(6) = exp(-6/ λ) = 0.70 =>  λ = -6/log(0.70) = 16.8 ceilings  ( D(1) = ⁶√0,7 = 0,94 )  
D(d) = exp(-d/16.8).  -> Damping (d) in function of ceilings the muon went through

 
⁶  
⁶  
⁶ 
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Conclusions and 
next steps

● Conclusion 1: The efficiency of the detector has increased and is very stable 
but is not uniform along the detector.

● Conclusion 2: Data seems consistent with the expected asymmetry between 
close and far walls, and analysis can be extended to full 2D.

Next step
Calculate the uniformity of the efficiency for each plane 

independently.

Next step
Confirm the results in new data with detector at different 

positions.



LIP summer internships 2020: Muography of a building

Thank you for your 
attention!


