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Cosmic Rays
❖ Cosmic Rays are high-energy particles
moving through space nearly at the speed
of light.

❖ Generally, the energy of these particles
ranges from around 10⁹ eV (Sun) and goes
to as much as 10²⁰ eV (extragalactic origin).
Further,
cosmic
rays
with
energy
exceeding 10¹⁸ eV are referred to as ultrahigh energy cosmic rays (UHECR).

https://arxiv.org/pdf/1305.1346.pdf

Cosmic Ray(CRE)
Ensembles (CRE)
Cosmic Ray Ensemble
❖ CRE are defined as the groups of particles consisting of at least two cosmic rays originated by
the same parent particle wherever in the Universe and thus correlated in time and/or in space.

Courtesy: https://arxiv.org/pdf/2009.12314.pdf

CRE examples
Preshower effect

CRE originated in the Sun vicinity

We expect to observe an elongated structure
on top of the atmosphere!

Extensive Air Showers
❖ Cosmic rays interact with atmospheric gas
molecules and produce cascades of product
particles, named extensive air showers (EAS)
❖ Secondary particles can also interact or decay
during the propagation in the atmosphere,
producing the particles of the “next
generations”

❖ EAS have hadronic and electromagnetic
components
with
different
dominant
interactions for each type

Motivation and means of the project
Simulations of EAS to study the look of their expected footprints on the
Earth surface in case EAS are generated by CRE components

⇩

CORSIKA
Program that simulates EAS. It’s the
most popular of its kind

Allows for control over the simulation parameters as
well as the choice of the models that handle different
physics aspects (e.g., hadronic interactions)

Test results
Primary: eEnergy:
[1E5, 1E6] Gev
Zenith: 7 deg
Azimut: -80 deg
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EM component dominating (mainly photons and charged leptons)

➔

➔

Photons are the most numerous (more than 90% of the total number of
particles)

➔

➔

Other particles (n, p) are present but their fraction is negligible
(<0.01%)

The spatial distribution of product particles
does not demonstrate the signs of
asymmetry (is close to spherical symmetry)
More energetic particles are concentrated
closer to the shower core
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Test results

Simulations of the correlated EAS
➔
➔
➔
➔

Primaries: electron, positron, spatially separated
Energy of primaries: [1E5, 1E6] GeV
Zenith: [5, 15] deg
Azimuth: 80 deg (for positron), -80 deg (for electron)

Summary and Outlook
1. The main goal of the project was to strengthen background on selected topics of cosmic ray
astrophysics (EAS, CRE) and acquire skills on the EAS simulations (CORSIKA) as well as

visualization of the results (plots presented).
2. Test results obtained are in full accordance with theoretical expectations (symmetrical distribution
of energy and number of particles on the Earth surface), abundance of photons in the electroninduced EAS, etc.
3. The toy model proposed for the correlated EAS study allows to obtain the footprints distinguishable
from that of a single EAS; however, the correct treatment requires more time and perhaps even
computational resources than granted for the project.
4. Preshower option of CORSIKA should be used to provide the exact distribution of particles over the
Earth atmosphere; the output should serve as an input for the simulations of correlated EAS, and
the final output has to be analysed and interpreted.
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