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OCRA — Outreach Cosmic Ray Activities was born in 2018 as a national outreach project of INFN
with the aim of collecting, within a national framework, the numerous public engagement
activities in the field of cosmic ray physics already present at a local level in the divisions and
laboratories. Since spring 2020 OCRA offers also a series of online laboratories on its website
https://web.infn.it/OCRA/, designed not only to be used by students individually but also to be
offered in the classroom by teachers. The cosmic ray path, present on the website, will be presented
together with the online laboratories on the measurement of muons, from the one related to the
dependence on the zenith angle made during the International Cosmic Day up to measurements of
the flux dependency on the altitude in the atmosphere and in the water. Also, a laboratory allowing
to analyze public data of the Pierre Auger Observatory will be presented. In addition, some
teaching methods included in the "Teachers' area" of the OCRA website will be described. The
developed cosmic ray path was also used to organize an online course for teachers of Italian high
schools with the purpose of accompanying teachers when approaching the subject for the first
time. About 70 teachers participated for a total of 9 lessons.

37th International Cosmic Ray Conference (ICRC 2021)
July 12th—23rd, 2021
Online — Berlin, Germany



The online laboratories for OCRA Carla Aramo

1.Introduction

The cosmic radiation, invisible to human eyes, encompasses all the fundamental issues of
modern physics: from the origins and evolution of the Universe to the current composition of
known forces and the intimate structure of matter. The study of this radiation has given rise to all
modern theories and knowledge of the world around us.

On the other hand, cosmic radiation is easily intercepted and can easily "be made visible"
through simple particle detector telescopes. This results in an excellent educational laboratory for
introducing non-experts, especially students, to the study of physics and fundamental natural
phenomena. The study of cosmic radiation is also closely linked to the other major themes of
modern astrophysics, from dark matter to gravitational waves and neutrino oscillations and much
more. Talking about cosmic rays therefore means talking about the exploration of the Universe in
all its forms.

OCRA - Outreach Cosmic Ray Activities [1] 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). This article will describe, in particular, the new
national online activities developed since spring 2020 and dedicated to high school students and
teachers.

2.The cosmic ray pathway

During the spring 2020 lockdown, all OCRA activities were cancelled, and the need was
felt to develop tools that could be used remotely, also to help many Italian students who needed
to take their final year exams in high school. For this reason, it was decided to use the
instrumentation and the experimental data to create an online pathway that would allow students
to acquire the notions useful to understand what cosmic rays, extensive air showers (EAS), muons
and other quantities useful to understand cosmic radiation are, as well as the instruments to detect
them, especially to perform measurements of atmospheric muons under different conditions. This
gave rise to the "cosmic rays" pathway on the OCRA website [2], which will be described in this
article, and which also made it possible to create the OCRA course for high school teachers
presented in January 2021 [3] and carried out in 9 meetings in spring for high school teachers.

3. The online laboratories

The laboratories are set up with simple devices for the detection of cosmic muons and describe
their behaviour. Each one is dedicated to an experimental measurement and with the data provided
you are guided through the analysis that allows the measurement of a physical quantity of muons,
such as:
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.

Some international experiments, such as the Pierre Auger Observatory [4], have made public
part of their data, which can be downloaded directly from the official websites of the
collaborations. So, Python scripts have also been developed to guide the students in exploring
these data and analysing them, and to compare the results with the official ones published by the
collaboration. In the following, the seven laboratories will be briefly presented.

Finally, OCRA also offers a "Teachers' Area", i.e. a short selection of materials to support the
development of a teaching project in the classroom.
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3.1 Measurement of the cosmic muon rate and track reconstruction

At the INFN National Laboratories of Gran Sasso (LNGS) a cosmic ray telescope has
been designed and built for use in public and educational events. The instrument, called “Cosmic
Ray Cube” (CRC) [5], thanks to its compact structure of 4 double-plane horizontal scintillation
levels orthogonal to each other, and the possibility of being battery powered, is easy to carry and
allows to measure the flow of particles at various altitudes, their angular distribution, the
efficiency of the detector for the variation of some operating parameters.

The telescope is capable of detecting the most penetrating component of secondary
cosmic rays, the muons. Detection of the passage of muons within the CRC is done through the
use of a technology that employs three types of detectors: plastic scintillators, Wave Length
Shifter (WLS), silicon photomultipliers (SiPM) able to convert the light collected by WLS into
an electrical signal easily digitizable. The CRC is also equipped with LEDs that light up when the
particles pass, allowing the naked eye to follow the trajectory (Fig.1a)

The App "Cosmic Rays Live” has been developed downloadable from any smartphone,
on which entire sets of data collected by the CRC can be saved (Fig. 1b). With Android or i0S
system the data are automatically saved on the phone every time you connect to one of the sites
where the telescopes are located. The data can then be analyzed to reconstruct the tracks left by
muons in the telescope. In the webpage [5] you can follow, step by step, all the reconstruction of
the trajectories as well as download an Excel file with the data and the App.
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Figure 1: (a) Cosmic Ray Cube and (b) its App “Cosmic Rays Live”.

3.2 Measurement of muon angular distribution

This laboratory allows the discovery of the detector installed in 2014 in the Toledo metro
station in Naples (Fig. 2a) [6]. This telescope is similar to the CRC described in the previous
paragraph but larger: it consists of 10 floors compared to the 4 of the CRC.
When a muon passes through the telescope, a light track is displayed as in Fig. 2a. The telescope
is coupled to a multimedia touchscreen that allows the acquisition of data to reconstruct the
direction of the muons and the display of their tracks on the screen (Fig. 2b).
In the tutorial [7], the reconstruction of the muon trajectory is described step by step, and two
exercises are developed with Python Google Colab scripts. By this, it is possible to draw histo-
grams 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, and to choose between two different
polynomial functions, the Gaussian or the asymmetric Gaussian.
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Figure 2: (a) Toledo telescope and (b) reconstruction of a muon track.

3.3 Measurement of muon intensity as a function of Zenith angle

The measurements described in this laboratory [8] were carried out during the
International Cosmic Day (ICD) [9], the day dedicated to cosmic rays that allows students to get
in touch with research activity in physics, carry out a small experiment on cosmic rays, analyze
the data, compare their results with other related groups from other universities or research
institutes around the world, work for a day as in an international collaboration and publish the
results.

In practice, the detector used is the CRC described in the previous paragraph, and the
muon flux is measured as a function of the angle of arrival not uniformly distributed on the
ground. By analyzing the arrival directions of these particles as a function of the angle they form
with the local zenith, we find that the maximum flux occurs for 6=0°, i.e. for particles arriving
perpendicular to the Earth's surface. The flux decreases continuously as the angle between the
direction of incidence and the zenith increases. At 90° the flux is minimal and the distribution of
the measured values can be described using a cos? function. In the activity, questions and answers
lead the reader to interpret the data as well as explain the experimental technique by reflecting on
the geometry of the detector and introducing the basics of the types of measurement uncertainties.

3.4 Measurement of muons as a function of height in the atmosphere

The measurement described in this laboratory [10] was carried out during a balloon flight
with the Stratospheric Balloon MoCRiS (Measurement of Cosmic Ray in Stratosphere) in 2019,
that reached up to 35111 meters (Fig. 3a). The main aim of the launch was the measurement of
the cosmic ray flux as a function of altitude, performed by two ArduSiPM particle detectors
developed by the INFN Section of Rome (see the contribution by V. Bocci in this conference).

The MoCRiS experiment consists of a balloon and an octagonal shaped spacecraft
containing several instruments partly replicated to ensure fault tolerance. The data collected by
the following on-board instruments are used for the step-by-step analysis: GPS satellite navigation
system, temperature and pressure sensor, two ArduSiPM particle detectors, two GoPRO cameras
(video+photos) and dust capture. The path allows, by means of an Excel spreadsheet, for the data
analysis, to verify the pressure-to-height relation, the height of the thermal inversion in the
atmosphere, reaching and exceeding the maximum Regener-Pfotzer level of the shower
development (Fig. 3b).
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Figure 3: (a) Moon from MoCRiS Payload and (b) reconstruction of flux vs atmospheric pressure.

3.5 Measurement of muons as a function of depth in water

In this activity the measurement carried out by D. Pacini in 1911 of the flux of atmos-
pheric muons in water, first in a reservoir and then in the open sea, at the military academy in
Livorno, Italy, is reproduced [11]. Geiger counters equipped with a high-precision counter tube
to detect alpha, beta and gamma rays are used (Fig. 4a). The data are stored in an internal memory,
and can be read via a USB interface. In the activity, using an Excel spreadsheet, the decrease of
events as a function of depth is verified (Fig.4 b). The presence of opposing wind and current
changed the fit at sea, the measurements at depths greater than 3 m (light points) were corrected
for the effect of the angle to the vertical (dark points). From the fit of the experimental points with

—z/h
the functionfo [1 = f - (1 —e¢ i )] we find a radiation fraction at the surface of about f=0.26 and
an attenuation length of about /=28 cm, the 68% bands are also calculated.

Profondita (m)

Figure 4: (a) Geiger counters and (b) decrease of events as a function of depth.

3.6 Pierre Auger Observatory

The Pierre Auger Observatory [4] is the world's largest observatory for the study of ultra-
high energy cosmic rays (E>10'® eV). It is located in the Argentine pampas at 1400 m above sea
level and covers an area of 3000 km?. The Observatory consists of two main detectors, the Surface
Detector (SD) and the Fluorescence Detector (FD) optimized to study Extended Atmospheric
Shower (EAS), i.e. the set of particles, called secondary cosmic rays, produced by the collision of
primary cosmic rays with the nuclei of the Earth's atmosphere. The Observatory has made public
10% of the data acquired so far (Pierre Auger Collaboration 2021, Auger Open Data release 1-
2021, DOI:10.5281/zenodo.4487613) (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 [12].
Each exercise is carried out using a worksheet (notebook) provided by using Google Colab and
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the Python programming language. Knowing the energy of the showers detected by the Observa-
tory and the number of showers collected in a certain energy range, we can calculate the flux and
construct the spectrum of primary cosmic rays (Fig. 5a). It is also possible to construct a galaxy
map and search for excesses of very high energy cosmic rays (Fig. 5b), all in a very interactive
way and with step-by-step explanations.
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Figure 5: (a) Auger ultra-high energy cosmic rays’ spectrum and (b) observed excess map with
energy greater than 6 Joules. Ref. Pierre Auger Observatory www.auger.org

3.7 Teachers' Area

The activities on the OCRA website are completed by the space dedicated to the teachers
[13], which begins with a brief introduction to the most common teaching methodologies, pro-
vides an overview on materials to support for the development of teaching projects in the class-
room, with a broad overview of current legislation as well as indications of international platforms
that deal with identifying the objectives in various school contexts, analyzing and monitoring the
degree to which they are pursued. There are also indications on teaching activities in CLIL (Con-
tent and Language Integrated Learning) mode, as well as a handbook on teaching design.

4. The OCRA online course for teachers

The online laboratories described above were presented in an online meeting dedicated to
high school teachers on the INFN Edu Physics YouTube channel and on the OCRA Facebook
page [14] (Fig.6). 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. The first two meetings dealt with an
introduction to cosmic ray physics and a hands-on approach, then the laboratories available on
the website were presented in a dedicated meeting. Each seminar was 2 hours long and after a
short introduction, the teachers were able to engage in hands-on activities to analyze the data from
each lab as well as ask questions and report on their experience in class. The aim of the course
was to provide teachers with the manual skills of the tools, after introducing the phenomenological
part, so that they can organize activities with students on these aspects in the classroom.

5. Conclusion and future activities

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 that have
developed in the meantime, also in response to specific needs, such as the online laboratories
developed during the first spring lockdown.
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Figure 6: Image of the online teachers' course introduction event.

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 students, will
continue to be implemented, but others will also be developed, in particular teacher courses, both
face-to-face and online, as well as masterclasses in high schools.
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