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Research Goals
UHECRs: Subatomic particles with kinetic energies of 
at least 1018eV. They are continuously deflected by 
cosmic magnetic fields.

The GZK Limit :Flux attenuation at 𝐸 ≳ 5 × 1019eV 
driven by inelastic collisions between primary UHECRs 
and Cosmic Microwave Background (CMB) photons.
This energy loss is limiting the potential origin of 
UHECRs above this threshold to the local Universe 
(typically < 50Mpc).

Goal: To analyze their arrival directions and mass 
composition using public data from the Pierre Auger 
Observatory.

Method: Evaluating the depth of the shower maximum 
(𝑋𝑚𝑎𝑥) against theoretical models to estimate mass 
composition.

Cosmic Ray Energy Spectrum
Source: Particle Data Group (PDG), Review of Particle Physics 2026

Note: 1 Mpc (Megaparsec) is a unit of distance equal to approximately 3.26 million light-years
1 light-year (ly) is the distance light travels in one year, approximately 9.46 trillion kilometers



The Pierre Auger Observatory

Core Mission
To map the arrival directions, energy, and mass of UHECRs 
to locate their origins.

Map of the Pierre Auger Observatory Detector
Source: Pierre Auger Collaboration

).

Extensive Air Shower and Hybrid Detection Schematic. 
Source: Pierre Auger Collaboration

Hybrid Detection System
• Surface Detectors (SD)
• Fluorescence Detectors (FD)



Event Statistics Overview

The increase in events 
below 1 EeV (green) 

marks the integration of 
the denser 750m 

detector grids.

Lower-energy events strongly 
dominate the statistics, while the 
highest-energy events (E ≥32 EeV)

remain extremely rare.



Spatial Distribution and Source Mapping (E ≥32 EeV)

UHECR candidate sources within the Local Sheet 
Source: McCall (2014)

Auger’s acceptance blind spot ~3.8 Mpc

Note: 1 Mpc (Megaparsec) is a unit of distance equal to approximately 3.26 million light-years
1 light-year (ly) is the distance light travels in one year, approximately 9.46 trillion kilometers



Mean Depth of Shower Maximum and Mass Composition 
(E ≥ 32 EeV) 



Conclusion

The analysis of arrival directions reveals a large-scale anisotropy, with the maximum flux 
located far from the Galactic Center, confirming that these extreme particles originate from outside 
our Galaxy.

Xmax measurements at energies above 32 EeV indicate a relatively mixed mass composition, 
situated between theoretical proton and iron lines. However the tendency is towards iron, but more 
data are needed.

Lower-energy events strongly dominate the data statistics, while ultra-high-energy events         
(E ≥ 32 EeV) remain extremely rare.

Future work will focus on expanding the directional analysis to include a wider range of 
potential source candidates while integrating new, upcoming datasets.
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