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Abstract

Muon detection is a fundamental technique in particle physics, used to study cosmic radiation
and applied in various scientific fields, including muography. This document describes the
working principles of a muon detector, the analysis methods used, and the experimental
results obtained.

1. Introduction

Muons are elementary particles with a negative charge, belonging to the lepton family. They
are mainly generated by the interaction of cosmic rays with the Earth’s atmosphere. Due to
their high penetration ability, muons can pass through large amounts of material, making
them useful for various scientific and technological applications. Their detection is carried
out using specialized devices capable of recording their passage and measuring properties
such as energy and trajectory.

2. Research Methods

2.1 Scintillation Chambers
 Composed of scintillating materials that emit light when crossed by charged particles.

« The emitted light is detected by photomultipliers, which amplify the signal and convert it
into an electrical pulse.

« These signals are processed by a data acquisition system to determine the time and
position of the muon’s passage.

2.2 Gas Proportional Chambers
+ Contain an ionizable gas (usually a mixture of argon and COz2).

« When a muon passes through, it ionizes the gas, generating a cascade of electrons that are
collected by an anode.

« This method is particularly effective for determining particle trajectories.



2.3 Cherenkov Detectors
- Based on the phenomenon of Cherenkov radiation, which occurs when a particle exceeds
the speed of light in a given medium (e.g., water or aerogel).

« The emitted light is captured by photodetectors and analyzed to identify muons.

2.4 Nuclear Emulsion Detectors
 Composed of thin layers of sensitive material that record the passage of particles.

« After development, the tracks left by muons can be observed under a microscope to
determine their direction.

3. Results

Measurements conducted with muon detectors provide detailed information on muon flux
based on parameters such as altitude, incidence angle, and the density of the material
traversed. Experimental analyses have confirmed that most muons detected at ground level
originate from above with an angle close to the vertical and have an average energy of
approximately 4 GeV.

One of the most significant applications of this technology is muography, which enables the
imaging of internal structures of large objects (such as pyramids, volcanoes, or nuclear
reactors) by analyzing muon attenuation as a function of material density.

4. Conclusion and Final Remarks

Muon detectors are essential tools in particle physics and practical applications such as
muography. The advancement of these technologies allows for improved measurement

precision and the expansion of muon detection applications in various scientific and
industrial fields.
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