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In this paper we introduce an original scientific and educational experience conducted with Italian 16/17
years-old students attending Scientific Lyceum "Mangino" of Pagani (Italy). It was inserted in an Italian
Educational Program PCTO (i.e. Percorsi per le Competenze Trasversali e per 1'Orientamento), active in
High Schools on a national level, with the aim to make students consolidate and expand the curricular
content’s knowledge via internships in private or public working environments. For this specific item,
concerned CTA-PCTO (Cherenkov Telescope Array-PCTO), the students, led by a teacher and an INFN
researcher, venture out into the innovative technology and the future scientific achievements of CTA, which
will be the first ground-based gamma-ray observatory and the world’s most sensitive and powerful gamma-
ray instrument. All the activities carried out during the CTA-PCTO were organized as an action-research to
develop an alternative, effective, and motivating approach to the study of astroparticle physics, and in
particular of gamma-ray physics. In this way students benefited to the scientific and technology information
of CTA and its telescopes, and they were engaged in producing different didactic items, also useful to
introduce CTA technologies to other students. They created a paper model of the CTA's Large-Sized
Telescope (LST), realized a crossword puzzle and write an article, and finally, they presented their work to
the general public during the "European Researchers' Night" in November 2020. The mere need to report
their results has produced remarkable results in their ability to write and communicate on scientific items.
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1. Introduction

Among the science outreach activities of the Naples Section of the National Institute of
Nuclear Physics (INFN-NA), the installation of the Cosmic Muon Telescope [1] in the Toledo
Station of the Naples Metro in May 2014 had a strong impact on the area. The detector, consisting
of 10 x-y planes of scintillator rods read by SiPM photodetectors, was built by INFN's Gran Sasso
National Laboratories (LNGS), and installed in the Station by researchers from INFN-NA and the
Physics Department of the Federico Il University with the collaboration of engineers from the
Azienda Napoletana di Mobilita (ANM). It allows the public to observe the invisible cosmic
particles that arrive at a depth of forty metres in the Station (essentially muons produced in the
interaction of cosmic rays with the Earth's atmosphere) through luminous LEDs that are activated
when the particles pass through the telescope's scintillators. In 2016, the telescope was upgraded
with the coupling to a Multimedia Totem, which provides audio-visual information on the physics
of cosmic radiation, as well as real-time analysis of the data collected by the telescope, allowing
the public to be shown the track and angle of origin of muons. The accumulated data are
transmitted to the INFN in Naples and recorded in a special area of website [2], which secondary
schools can access in order to be able to analyze them.

This initiative made it possible to launch the "A scuola di astroparticelle”" (At school for

astroparticles - ASA) [3] (see also the contribution by R. Colalillo in this conference) a contest
for high school students, which has involved thousands of students over the last five years. Every
year the students, supervised by their teachers and researchers from the proposing organizations,
undertake projects on current topics in scientific research: the origins and study of the Universe,
cosmic rays and gravitational waves, environmental radioactivity, methodologies in health
physics, optics, nanotechnologies and quantum technologies, as well as technical aspects linked
to the development of photon and particle detectors, such as the telescope in the Toledo station of
the Naples metro and its Multimedia Totem from which the idea for the project originated.
All the courses of ASA are structured as the Italian Educational Program PCTO (Percorsi per le
Competenze Trasversali e per 1'Orientamento) [6], an active project in Italian high schools at a
national level with the aim of consolidating and expanding students’ curricular knowledge with
internships in private or public working environments.

Each class of students, supervised by a tutor on a well-defined topic chosen by the school
during the 40 hours of works, aimed to immerse in the activities that a physics researcher carries
out in order to realize the results of the research and then present them at a conference in the form
of a poster or oral report. Until the third edition the final event was face-to-face [4] at the end of
May each year 600 students were involved in various activities: the preparation of the poster
section, the opening press conference and the presentation of their work to the jury both in the
poster session and in the two plenary sessions. In spite of the great effort that was necessary for
the realization of their projects as well as during the two days of final activities, the students
expressed great enthusiasm for all the activities.

The fourth edition refers to the 2019 call for proposals, encompasses two years of activities due
to the problems caused by COVID19. In spite of many difficulties due to the pandemic and the
fact that many activities that began in early 2020 in presence were then continued in online mode,
many of the planned courses were completed and during the event on 25 May 2021 the students
presented their work in an online event [5].

This article will present a peculiar PCTO course that involved a class of 19 Italian 16/17 years-
old students attending Scientific Lyceum "Mangino" of Pagani (Italy) on topics related to the
Cherenkov Telescope Array — CTA [7].

2. The CTA-PCTO

During the CTA-PCTO activities, led by the students’ teacher and INFN researchers,
students were able to explore the intriguing extreme Universe, CTA’s innovative technology and
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its coming scientific achievements. All the activities carried out during the CTA-PCTO were
organized as an “action-research” to develop an alternative, effective and inspiring approach to
the study of astroparticle physics and, in particular, of gamma-ray physics. With this approach,
students were engaged in producing different didactic items that also would be useful to introduce
CTA technologies to other students. They created a paper model of the CTA's Large-Sized
Telescope [8] a crossword puzzle and an interactive Q&A, and finally they translated a booklet,
in order to better explain, successively, the gamma-ray Universe to the younger high-school
students (between 10-13 years-old).

The PCTO started with face-to-face meetings but, unfortunately, due to the COVID-19
pandemic, all remaining activities continued online, triggered by the desire of the students to
conclude the process. During the almost two years of activity, the students were able to engage in
various activities in addition to the development of the work to be presented at the final exhibition.
They started with a visit to the telescope of the Toledo Metro, participated in the International
Cosmic Day ICD2020 [9], and finally took part in the European Researchers' Night
"MEETmeTONIGHT " 2020 [10]. The whole experience has been reported on a website created
by the students themselves [11].

2.1 The LST paper model

The idea behind the LST model was to create an activity that would involve children and
bring them into the world of gamma rays and the instruments that detect them. What do you need
to build your own Large-Sized Telescope (LST)? Three simple materials: LST printout, glue and
scissors! Use the LST printout available to download [8] or draw your own design and follow this
explanatory video [12] (Fig. 1) to build CTA’s largest telescope at home or in the classroom.
Isn't that really funny?

Figure 1: The LST paper model video tutorial

2.2 The crossword puzzle and game quiz

In addition to the video, the students also made a crossword puzzle [13] (Fig. 2) and a
game quiz [14] to involve the pupils. After reading the introductory article [15] and using the
glossary [16] to look up the most commonly used words in the gamma-ray Universe, it can be a
lot of fun challenge themselves.
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Nome:

Completa il cruciverba di seguito

HENEEEE

LTI

ANEEEEN

Creato utilizzando Crossword Maker su TheTeachersCorner.net

Attraverso Giu

1. La nostra si chiama Via Lattea.

3. E descritto piti denso nell'Universo e si origina tramite I'esplosione
di una supernova.

5. Forza fondamentale che tiene unita la materia su larga scala.

8. Nella vita quotidiana, sono specializzati in radiografia medica o
scanner di sicurezza aeroportuale.

9. La luce piu energetica dell'universo! Sono il prodotto degli eventi

2. Distanza tra i picchi dell'onda luminosa.

4. Disturbi o 'increspature’ nello spazio-tempo a causa di eventi
estremamente potenti, come la fusione di due buchi neri.

6. Luce bluastra installata quando le particelle si muovono pit
velocemente della luce

7. Quantita di luce che osserviamo da una fonte per unita di tempoe
di superficie.

piu estremi, come le stelle che esplodono.

10. Questo termine si riferisce all'area del cielo visibile daun
particolare telescopio. Varia in base al tipo di telescopio.

11. Il centro della nostra galassia, che ospita un buco nerosuper
massiccio di nome Sagittario A

12. Sono detti anche astroparticelle. Quando entrano in contatto con
I'applicazione, causano esplosioni energetiche.

Figure 2: Crossword puzzle
3. TheICD2020

The International Cosmic Day (ICD) [9] is an astroparticle physics outreach event for
high- school students and brings together students, schools, and various physics outreach projects
from all over the world. Groups of scientists, teachers, and students meet for one day to learn
about cosmic rays and perform an experiment with atmospheric muons. Students from Liceo
Mangino participated in the ICD2020 following the event organized by OCRA (Outreach Cosmic
Ray Activities) INFN [17] (see the contribution by S. Hemmer in this conference) as ASA is one
of the local activities included in OCRA. The ICD in 2020 took place on November 4, right in the
middle of the second wave of the Covid-19 pandemic. OCRA thus decided to organize an online
event accessible also for students that could not be at school but were home schooling at the time
During the ICD, using the “Cosmic Ray Cube” detector and its App [18], students were able to
measure the muon flux as a function of angle. The proceedings of the ICD 2020 are published in
a booklet and distributed to all participants in the months following the ICD. Fig 3 shows the
booklet produced by the students of the Liceo Mangino with the description of the measurement
results and data analyses.
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Figure 3: Booklet with the ICD2020 measurements of muon flux and data analyses
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Students were already able to analyze the collected data in a laboratorial experience, but
for the first time, they witnessed that this is a relevant part of a real research lab, and it has brought
about a very positive impact about the importance of a good school education.

4. MEETmeTONIGHT

MEETmeTONIGHT's main objective was to foster greater interaction between citizens
and the world of science. All its activities were aimed at promoting research and its results,
researchers and their profession, with a special focus on the younger generations on the one hand,
and the recognition of Europe's role on the other. The intention was to show how research has an
impact on our lives, how fundamental it is, how it is present in the technologies and tools we use
every day, and also to demonstrate that Science is not for a small elite of people, but for everyone.

The MEETmeTONIGHT initiatives allowed participants to get to know researchers not

only as scientists but also as people, showing the role of research in achieving a better and more
sustainable future, as well as Europe's fundamental role in research.
The timetable also included a series of events where researchers were joined by other
stakeholders, creating a sense of participation in a single community. This included the
participation of Mangino High School students who presented the CTA-PCTO through the event
'Giants studying the Universe' (Fig. 4) to an online audience [19].

This was the occasion the students greatly appreciated the group work done to prepare
the presentation and the speech. Indeed, for a connection problem occurring to two students at the
time when it was their turn to speak, two other students immediately and properly replaced the
friends in a correct way. So, they experienced how it is important that everyone had been involved
in the preparation phase, Further, they became aware of the importance of a correct science
communication, and realized how difficult is to prepare a good speech to do in an allotted time.
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INFN SEZ. NAPOLI -
LICEO SCIENTIFICO
"MONS. B. MANGINO" PAGANI

"A SCUOLA DI ASTROPARTICELLE"
| GIGANTI CHE STUDIANO L'UNIVERSO

28/11/2020 4L-4M
Tutor: dr.ssa Carla Aramo
Tutor scolastico : prof.ssa Piera Romano

Figure 4: The performance during the event of MEETmeTONIGHT
5. The “A scuola di astroparticelle” contest

On 25 May, more than 300 students from Campania's high schools met online, together
with their teachers and 12 tutors, to present their work for ASA, a project promoted by the
National Institute of Nuclear Physics (INFN), in collaboration with the Department of Physics
"Ettore Pancini" of the Federico II University of Naples, the SPIN, ISASI and INO Institutes of
the National Research Council (CNR) and, from this edition, the Capodimonte Astronomical
Observatory of the National Institute of Astrophysics (INAF). The fourth edition was marked by
the particular conditions due to the pandemic and many activities, started in presence in 2019 and
transformed into online activities, continued also during the school year 2020/21, incorporating
two years of PCTO.

The initiative saw the involvement of 10 schools in Campania, carrying out 18 projects
on current topics in scientific research: the origins and study of the Universe, cosmic rays and
optics, environmental radioactivity, radon and scientific communication, as well as technical
aspects related to the development of photon and particle detectors. The more than 800 hours of
PCTO were spent on introductory seminars, laboratory activities and data analysis on a well-
defined topic chosen by the school and, with the support of the tutors from the promoting
organizations, it was possible to guide the students through the activities that a researcher carries
out in order to carry out his or her research, and then present it during a workshop. The result of
these two years of activity, presented by the students themselves on the Zoom platform (Fig. 5),
who took turns in displaying their work during the moming, was assessed by the judging panel,
with the arduous task of selecting the winning work for the fourth edition. The Liceo Mangino
students decided to present their work using slides (Fig.6), but they also organized a website [20],
using Google Sites. The website was considered a useful tool to collect and illustrate all the
activities carried out in the CTA-PCTO, and the design work, done by the students with the help
of their teacher, contributed to also improve their digital skills, above the communication one.
Having actively participated in MeetMeTonight greatly contributed to the preparation of this final
phase: students, in fact, were less anxious and more competitive. They were all very professional
and competent, taking all the other students on the platform on a fascinating journey into the world
of gamma rays.
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Figure 5: Students teachers and tutors in Zoom connectlon dunng the event on 25 May.

Conclusions

The CTA-PCTO was greatly received and appreciated by the students of Liceo Mangino
and their teacher: the program was organized combining the theoretical with the laboratory part.
The visit to the metro station Toledo had a great impact because, on the one hand, the students
were able to see how scientific instruments can be installed even in places where people usually
stay, and on the other hand, the view of the telescope stimulated the curiosity of students who had
not yet studied modern physics in their curriculum. Moreover, the request to become animators
for younger pupils themselves gave importance to the design of challenging activities, and
participation in external events clarified some fundamental aspects of research work, in physics,
but in scientific disciplines in general. Indeed, beyond the disciplinary competences, there were
important transversal skills that have been improved throughout the proposed formative path. The
need to tell a wide audience about their training experience and to arrange challenging activities,
such as the crossword puzzle, the paper model and the quiz, led to a reversal of roles, so that
students, often used to being assessed by the teacher, were instead asked to self-evaluate their
work in order to improve it and present it to others, both on the website and during the events in
which they participated. Finally, the CTA collaboration also greatly appreciated the work carried
out, devoting an article in the experiment's newsletters [21].

Cosmic rays &

Cherenkov Telescope Array

Gruppo di lavoro:

Alfonso Marrazzo, Annarita Francese, Antonia Di Guida,
Antonio Pergolesi, Christian Amendola, Fabiano
Amendola, Federica Mancuso, Fortuna De Maio,
Francesco Liberti, Francesco Avallone, Francesco

Capuano, Gianluca Nacchia, Giorgio Maria Chirico,
Giuseppina Rosolia, Luigi Contaldo, Luigi Russo, Michele
Salzano, Pietro Ferrara, Zuleika De Felice
Tutor esterno: Carla Aramo
Tutor interno: Piera Romano

Il percorso formativo si & attuato in
presenza, a via Toledo e a Monte S.Angelo,
e poi online, tramite Google Classroom

Figure 6: The introductory slide of the Liceo Mangino students' presentation
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