
The online laboratories for OCRA 
Outreach Cosmic Ray Activities INFN project

Carla Aramo for the OCRA Collaboration

INFN – Sezione di Napoli
carla.aramo@na.infn.it

https://web.infn.it/OCRA/

ICRC2021 | 12 – 23 July 2021
1

mailto:carla.aramo@na.infn.it
https://web.infn.it/OCRA/


Cosmic radiation: a key to our knowledge of the Universe

Image by NASA/JPL-Caltech/R. Hurt
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Cosmic radiation: an excellent educational laboratory
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The Electromagnetic Spectrum



OCRA - Outreach Cosmic Ray Activities

OCRA - Outreach Cosmic Ray Activities founded in

2018 within the National Institute of Nuclear

Physics (INFN), aims to collect the many public

engagement activities in the field of cosmic ray

physics already present locally and to disseminate

them nationally.

see the contribution by S. Hemmer in this
conference
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The cosmic ray pathway

Ø Use of instrumentation and of 
experimental data to create an online 
pathway to allow students to acquire the 
notions useful to understand what cosmic 
rays, extensive air shower, muons and 
other quantities useful to understand 
cosmic radiation are.

Ø Introduction also to the instruments for 
cosmic ray detections , especially to 
perform measurements of atmospheric 
muons under different conditions.

In the lab with us: the laboratories are set up with simple devices for the detection of cosmic muons and describe their 
behaviour. Each one is dedicated to the description of an experimental measurement and with the data students are guided 
through the analysis that allows the measurement of a physical quantity of muons.
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Credits NASA

Credits L. Caccianiga

Credits C. Evoli

Credits D. Rozza

Laboratories
from didactics
... to research
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OUTLINE
• Measurement of the cosmic muon 

rate and track reconstruction
• Measurement of muon angular 

distribution
• Measurement of muon intensity as 

a function of Zenith angle
• Measurement of muons as a 

function of height in the 
atmosphere

• Measurement of muons as a 
function of depth in water 

• Pierre Auger Observatory
• Teachers’ area



WLS SiPM

CRC

plastic scintillators

COSMIC
RAYS LIVE
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4 double-plane horizontal scintillation levels orthogonal to each otherMeasurement of the cosmic muon rate 
and track reconstruction with 

Cosmic Ray Cube
The data can then be analyzed to reconstruct 
the tracks left by muons in the telescope

https://web.infn.it/OCRA/misura-della-rate-di-muoni-cosmici/
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https://snl.no/Napoli

https://pixabay.com/it/images/search/napoli/

The reconstruction of the muon trajectory is 
described step by step, and two exercises are 
developed with Python Google Colab scripts to 
draw histograms of the distributions of the 
muon arrival directions, as well as to find 
which of the proposed curves best fits the 
distributions found by the fit procedure.

Measurement of muon angular distribution with Toledo Telescope

https://web.infn.it/OCRA/misura-della-distribuzione-
angolare-dei-muoni/

https://web.infn.it/OCRA/misura-della-distribuzione-angolare-dei-muoni/


Measurement of muon intensity as a function of Zenith angle 
International Cosmic Day

https://web.infn.it/OCRA/misura-dei-muoni-in-funzione-dellangolo-di-zenith/

https://web.infn.it/OCRA/misura-dei-muoni-in-funzione-dellangolo-di-zenith/


Measurement of muons as a function of height in the atmosphere

ArduSiPM
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see the contribution by V. Bocci
in this conference

https://web.infn.it/OCRA/misura-dei-muoni-in-funzione-dellaltezza-in-atmosfera/

https://web.infn.it/OCRA/misura-dei-muoni-in-funzione-dellaltezza-in-atmosfera/


https://web.infn.it/OCRA/misura-dei-muoni-in-funzione-della-profondita-in-acqua/

Pacini @ Accademia Navale - Livorno

Measurement of muons as a function of depth in water

 

Ø Geiger counters equipped 
with a high-precision counter 
tube to detect alpha, beta 
and gamma rays 

Ø The data are stored in an 
internal memory, and can be 
read via a USB interface. 

Ø Using an Excel spreadsheet, 
the decrease of events as a 
function of depth is verified



Credits: https://commons.wikimedia.org/
Pierre Auger observatory

Credits: www.auger.org
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The Observatory has made public 10% of the data acquired so far (see the
contribution by V. Scherini in this conference), which can be used to carry out
simple data analysis exercises reported in the online pathway

https://web.infn.it/OCRA/losservatorio-pierre-auger/

Each exercise is carried out step-by
step using a notebook provided by
Google Colab and the Python
programming language.

Three interactive exercises:
• spectrum of primary cosmic rays 
• galaxy map 
• search for excesses of very high energy cosmic rays

https://web.infn.it/OCRA/losservatorio-pierre-auger/


Teachers' Area
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Space dedicated to the teachers with:
Ø a brief introduction to the most

common teaching methodologies
Ø provides an overview of materials to

support for the development of
teaching projects in the classroom,

Ø a broad overview of current legislation
Ø indications of international platforms

that deal with identifying the objectives
in various school contexts

Ø indications on teaching activities in CLIL
(Content and Language Integrated
Learning) mode

Ø handbook on teaching design

Teaching methods: having available teaching models 
with descriptions can stimulate experimentation with 
new approaches in one's own teaching styles

THEORY PRACTICEARTEFACT

Laboratory activities in education: description of the
constructivist theoretical framework to provide
pedagogical and didactical tools to make the most of
the variety of scientific pathways

Teachers Forum to exchange experiences and activities
https://web.infn.it/OCRA/forums/forum/forum-di-ocra/https://web.infn.it/OCRA/raccolta-di-materiale-per-docenti/

https://web.infn.it/OCRA/raccolta-di-materiale-per-docenti/
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The OCRA online course for teachers
The online laboratories were presented in an online meeting 
dedicated to high school teachers on the INFN Edu Physics 
YouTube channel https://youtu.be/ZNoG2etdJ7s, 
and on the OCRA Facebook page 
https://www.facebook.com/ocra.infn.1/posts/442461246949492

More than 200 teachers took part in the online meeting in 
January and 70 of them enrolled in the 9-meeting course in spring 
2021

https://youtu.be/ZNoG2etdJ7s
https://www.facebook.com/ocra.infn.1/posts/442461246949492


Conclusions
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Since its foundation, OCRA has made a substantial
and effective contribution to the implementation
of the INFN's cosmic ray outreach activities, adding
other activities in the meantime, also in response
to specific needs, such as the online laboratories
developed during the first spring lockdown.

The fact that the initiative is heading in the right
direction is demonstrated by the enthusiastic and
interested participation of the teachers and
students in the activities being carried out.

In the future, the standard initiatives, such as the ICD and the science camp for the students, will continue to be
implemented, but others will be developed, in particular teacher courses, both face-to-face and online, as well as
masterclasses in high schools.


