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Abstract

This work explores how modern particle physics
investigates the fundamental structure of matter and forces.
This is done through a combination of collider-based and
cosmic ray experiments, both relying on extremely large-
scale scientific infrastructures. Collider experiments, such
as those conducted in high-energy particle accelerators at
CERN for example, provide controlled environments
where particles are accelerated to near-light speeds and
made to collide and produce a multijet of very high
energetic particles. These collisions recreate basically
conditions like those existing just after the Big Bang,
enabling precise tests of current theoretical models like the P ra———
Standard Model of high energy physics and facilitating insights: colliders deliver precision and repeatability, while
discoveries such as new particles. cosmic ray studies offer access to ultra-high-energy
In parallel to that, cosmic ray experiments study naturally  regimes and astrophysical phenomena.

occurring high energy particles originating from Both require massive detectors and collaborative
astrophysical galactic and extragalactic sources. These international efforts due to the rarity of significant events
particles reach energies far beyond those achievable in  and the complexity of measurements. Together, these very
human-made accelerators, offering a unique window into  large experiments bridge particle physics and astrophysics,
extremely physical processes occurring in the universe. advancing our understanding of physical fundamental
Large scale observatories can detect secondary particle questions such as the nature of dark matter, composition
showers or extragalactic neutrinos produced when cosmic  and origin of cosmic rays, and the possible existence of new
rays interact with Earth’s atmosphere or surrounding physical laws beyond current theoretical models.

matter. Such kinds of experiments extend the energy

frontier and probe phenomena inaccessible to collider

physics in laboratories. The integration of these two

complementary approaches provides complementary
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