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OCRA
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• Outreach Cosmic Ray Activities (OCRA) is a national outreach project born in 
2018 of the Istituto Nazionale di Fisica Nucleare (INFN)

• Build a national framework for the INFN public engagement activities in the field 
of cosmic ray physics (24 INFN divisions and laboratories all over Italy involved)

• Activities:
• Core activity: International Cosmic Day (ICD) worldwide yearly outreach event 

organized by DESY (https://icd.desy.de/) for high-school students (presentation of the 
cosmic-ray physics background and local activities; hands-on measurements on cosmic
ray flux)

• Local or national activities (OCRA summer camp, local workshop and tutorships, 
online laboratories, European Researchers’ Night, Pathways for Transversal
Competences and Orientation (PCTO) activities for high school students)

https://icd.desy.de/


ICD and PCTO activities in Padova
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• During ICD group of scientists, teachers, and 
students meet for one day to learn about
cosmic rays and perform an experiment with 
atmospheric muons (the zenith angle 
distribution of atmospheric muons)

• Activities are performed using the data 
collected by a muon telescope hosted in the 
Laboratori Nazionali di Legnaro (LNL)

• The department of Physics and Astronomy at
the University of Padova offers a PCTO
project for students from high-school in 
collaboration with INFN Padova focused on 
cosmic rays analysis

Courtesy of S.Hemmer



Hadronic cascade and muons
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Muon counts and atmospheric parameters

• Muon flux at the Earth surface is influenced by atmospherical properties:
• Pressure dependence (1920s): absorption, decay and generation effect
• Temperature dependence (1930s): decay of muons and pions
• Other effects involved (Humidity, Gravitational effects, see Dorman, 2004)
• Only a few contributions on the topic (Catanach, 2011; Savic, 2016; Maghrabi, 

2017; Gorzkiewicz, 2021)

5Maghrabi et al, 2017, ICRC

https://link.springer.com/book/10.1007/978-1-4020-2113-8
https://galprop.stanford.edu/elibrary/icrc/2011/papers/SH4.2/icrc0307.pdf
https://arxiv.org/abs/1701.00164
https://pos.sissa.it/301/062/
https://pos.sissa.it/301/062/
https://www.mdpi.com/2076-3417/11/17/7916


Activities performed by students

Goal: Investigate relationship between
mount counts and atmospheric

parameters using the data from the LNL 
muon telescope

• Three high-school students have been
involved in the PCTO activities:  V. Di Toro, 
C. Degasperi, E. Premrù

• Activities have been supervised by M.Doro, 
D.Miceli and E.Prandini

• Final report written together with the
students on the activities performed

6Courtesy of S.Hemmer



Activities performed by students

PCTO activities:
• Learning basics of:
• code-programming (Python) 
• data analysis
• graphical outputting of a research
• science report writing

• The approach was ‘problem-solving’ with 
development of the code done by the 
students in collaboration with us
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Courtesy of S.Hemmer



The ‘homemade’ muon telescope in LNL
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• Two plastic scintillators slabs 2 with silicon photomultipliers
(SiPM) at a distance of 1 m each other and a Pb shield
between the scintillators to filter lower energy particles

• A counter of coincidences linked to the scintillators with a
counter circuit mounted on a programmable custom board 

• Recorder programmed to reset every minute, and transmit the 
data through a USB serial link

• Data collected online: 
http://www2.lnl.infn.it/~canella/COSMIC/WWW2/DatiGiornali
eri/2022-11-15.dat

• Setup for datataking: telescope in fixed position with slabs
inclined of 45° (Jan-Feb 2022) or in horizontal position (Jul 
2022- Apr 2023)

http://www2.lnl.infn.it/~canella/COSMIC/WWW2/DatiGiornalieri/2022-11-15.dat
http://www2.lnl.infn.it/~canella/COSMIC/WWW2/DatiGiornalieri/2022-11-15.dat


Data collected by the muon telescope
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Time Daily
Counter Single SiPM counts Coincidences P     T



Scripts for data analysis on the Gitlab repo of the project
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Results: anticorrelation between muon counts and 
atmospheric pressure

• Data recorded between 2022-01-28 
and 2022-02-08

• Significant anticorrelation between
average muon counts and pressure 
values (Pearson index = -0.885)
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Results: anticorrelation between muon counts and 
atmospheric pressure

Results have been published in the LNL annual report 2021 
(https://www1.lnl.infn.it/~annrep/read_ar/2021/index.htm)
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https://www1.lnl.infn.it/~annrep/read_ar/2021/index.htm


Results: anticorrelation between muon counts and 
atmospheric pressure
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• Enlarged dataset: from 2022-
07 to 2023-04

•  Anticorrelation is still present 
(Pearson index = -0.916) 

• Effects of other variables 
(temperature, humidity) may 
affect the result?



Results: monthly average muon counts over atmospheric
pressure
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• Average muon count at different 
pressure for each month from 
July 2022 up to April 2023

• Anticorrelation is stable over 
different months

• Pressure variation is different 
from month to month

• Muon count is affected by 
winter-summer conditions



Results: Relation between INFN pressure data and ARPAV 
public data
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PINFN(true)=350+0.657 PINFN



Conclusions

• OCRA and educational outreach activities are growing every year; Students 
reports indicate high level of satisfaction of the activities proposed

• Students were able to work in close contact with INFN and University 
researchers; learn the activities involved in the life of a researcher; participate
to a project including data analysis and interpretation of scientific results
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Conclusions

• Valuable scientific result: strong 
anticorrelation between muon counts
and pressure found and published!  

• Effects of other atmospheric variables
(temperature, humidity) or the East-
West effect can be investigated

• A new muon telescope (Cosmic Hunter 
developed by CAEN group) have been
bought and will be used for ICD 2023 
and possible future PCTO activities
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Conclusions
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V. Di Toro


