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Abstract. This study explores the interaction between antimatter and cosmic rays and 
their impact on modern astronomy. The fundamental role of the muon in detection 
and analysis processes is discussed, highlighting how these particles are influenced by 
high-energy sources, including blazars. The light curve of these celestial objects is 
analyzed, with particular attention to the luminosity flux and the resulting energy flux. 
The  results  were  obtained  with  the  help  of  specialized  software:  TeVCAT, 
Firmamento, and the Fermi Light Curve Repository.

Introduction

In the vast field of Astro particle physics, understanding the universe at a subatomic level is essential  
to explain numerous cosmic phenomena. Among the most fascinating topics, cosmic rays represent 
high-energy  particles  traveling  through  interstellar  space,  contributing  to  a  range  of  important 
observations that enhance our understanding of the universe. A particular focus is placed on the muon, 
a subatomic particle that plays a crucial role in its interaction with cosmic rays,  as well as on the 
source of these specific astrophysical events. In particular, blazars are extremely energetic objects that 
emit powerful jets of radiation and are considered one of the possible sources of high-energy cosmic 
rays.  This  phenomenon  provides  fascinating  insights  to  explore  the  connection  between  matter, 
energy, and the structure of the universe. Our source on Fermi is JO303.4-2407 while on TeVCAT it 
is PKS0301-243; two possible ways to find it.

1.1 

Our analysis begins by identifying the name of the source assigned to us during a meeting with 
researchers from INFN and then searching TeVCAT and other catalogs for the necessary information 
to represent and study the emission spectrum, as well as to represent and analyze the light curve. 

2. Research methods

Initially, a specific blazar source was selected for analysis. This step was crucial in focusing on 
our study and facilitating the search for relevant data. The data were collected from two main 
catalog portals:

 TeVCAT: This catalog of astrophysical sources emitting radiation in the TeV wavelength 
range was used to obtain specific information about the selected source. The data 



included details about the position, type of source, and previous observations. TeVCAT 
is accessible at (http://tevcat2.uchicago.edu/).

 Firmamento: This catalog provides further information on celestial objects, including 
photometric and spectroscopic observations. The data were obtained through a search 
by the source name or by astronomical coordinates, accessible at 
(https://firmamento.hosting.nyu.edu/data_access).

After collecting the data, an in-depth analysis was conducted:

 Creation of the Light Curve: Using the collected flux data, a light curve was generated to 
represent the variation in the intensity of radiation emitted by the source over time. The 
data were graphically represented, with time on the X-axis and intensity of the light flux 
on the Y-axis.

For data analysis and visualization, the following software tools were employed:

 Google Colab: This platform allowed for data analysis and the creation of interactive 
graphs. Google Colab supports Python and scientific libraries such as NumPy and Pandas 
for data processing, and Matplotlib for visualization.

 Jupyter Notebook: Alternatively, Jupyter Notebook was used for a local working 
environment, allowing the writing and execution of Python code for data analysis.

3. Results 

The results obtained from the light curve were analyzed to identify variability, amplitude, and 
periodicity. This phase required interpreting the data in light of the existing scientific literature 
on blazars and their physical characteristics. Finally, the results of the analysis were 
documented in detail, with graphs and tables that facilitate the understanding of the 
observations. This approach allows other researchers to replicate the analysis independently, 
using the same data sources and procedures described.  This research is part of the broader 
context of blazar astrophysics, contributing to a better understanding of their dynamics and 
high-energy radiation emission mechanisms. Blazars are of great scientific interest because they 
represent a unique window into the high-energy universe and particle interactions in extreme 
environments.



4. Conclusion and final remarks

The work focuses on the astrophysics of particles, with particular attention to antimatter, cosmic rays, 
and muons, through the analysis of variability in blazars, high-energy astrophysical sources. Using 
data from the TeVCAT and Firmamento catalogs, the light curve of a blazar source was constructed, 
showing fluctuations in radiant intensity. This suggests periodicity in radiation emission and provides 
clues about the internal dynamics of blazars. The software tools Google Colab and Jupyter Notebook 
were used for data analysis and visualization. The work also explored the role of muons in 
interactions with cosmic rays. The results obtained so far are just the beginning, with many 
possibilities for expanding the research, such as analyzing other blazar sources and conducting an in-
depth study of high-energy particles. Future research may lead to a greater understanding of the 
physical mechanisms in blazars and particle physics in general.
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